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It is appropriate that this
15th edition of the Encyclopadia Britannica
be regarded as a memorial
to its Publisher, William Benton (1900-1973).
Though he would have rejected the idea
of the Britannica as the vision or the work of one man,
it is a fact that his faith and inspiration
were necessary to its conception,
and his dedicated determination and guidance
were necessary to its completion.



Helps for the reader

Important information to assist the reader in the efficient use
of this edition of the Britannica has been provided as follows:

1. The use of the Propedia is dealt with in the section How fo
use the Propeedia in the Propeedia volume, pages 8-9, and in
the Table of contents in the Propedia volume, pages 10-16.

2. The use of the Micropedia is dealt with in sections entitled
How to use this volume, opposite page 1 in volumes I-X;
Introduction to the addenda in the Micropedia in volume X,
pages 910-911; Maps in Encyclopedia Britannica, with glos-
sary and abbreviations of geographical terms, in volume X,
pages 1027-1031.

3. The use of the Macropedia without reference first to either
the alphabetical list of subjects in the Micropeedia or to the
topical list of contents in the Propedia is not to be en-
couraged. The Micropeedia in particular is designed as both
a Ready Reference and Index to the Macropedia (as its title
indicates) and should be so used.

4. In consulting the Micropedia as a guide to the use of the
Macropedia always make sure that you are following the
reference that fits your need at the moment. For example,
if you want geographical information, current economic
and population statistics, a review of current cultural activ-
ities, or topographical details, you will find these in the
country articles carrying such titles as “Soviet Union,”
“Spain,” or “France.” But if you want information on the
evolution or historical development of the political, eco-
nomic, and social institutions of these same countries, look
under the “History of” articles, such as “Russia and the
Soviet Union, History of,” “Spain, History of,” “France,
History of,” etc.

5. The initials at the ends of Macropedia articles are those of
contributors, whose names are provided in the list entitled
Initials of Contributors and Consultants to the Macropedia
in the Propedia volume, pages 7-106; a list of Names of
Contributors and Consultants to the Macropedia is printed
in the Propeedia volume, pages 107-123.



Foreword

The Fifteenth Edition of the Ercyclopedia Britannica
represents a revolution in encyclopaedia making. It be-
gan with the organization of the Board of Editors in
1947.

The Board’s task was to engage in long-range plan-
ning. This necessarily involved criticism, favourable and
unfavourable, of Britannica as it then was. That en-
cyclopaedia was based on the Fourteenth Edition, pub-
lished in 1929. Annual printings were kept up-to-date
by changes that took into account the most important
new developments.

Britannica could claim at that time to be the best en-
cyclopaedia in English; but the process of annual revi-
sion was necessarily partial. Articles were eliminated
and new ones substituted. Alterations were made in
other articles. But the encyclopaedia as a whole could
not be reexamined. Single articles were changed, but
other articles connected in some way with them, which
might run into hundreds, often could not be. The rela-
tions among the articles became in some fields more
and more tenuous. Hence the possibility of understand-
ing those fields through planned reading in Britannica
became more and more remote.

The program of annual revision led to a compilation of
accurate articles. In the nature of the case it could not
lead to an encyclopaedia edited in accordance with a
plan. The excellence of Britannica, which was undis-
puted, rested on the authority of the scholars who wrote
the articles. As 1929 receded, it became more and more
difficult to discern the plan on which the encyclopaedia
was based.

It soon became clear to the Board of Editors that
Britannica had, or could have, two functions: it was a
reference work, and it could be an educational instru-
ment. Although information is often confused. with edu-
cation, a moment’s reflection will convince the reader
that they are not the same. Facts are indispensable to
education, but the possession of any quantity of facts
does not guarantee that understanding which alone de-
serves to go by the name of education.

The Board of Editors found that the reference function
of Britannica was on the whole well performed. If one
wanted to discover the birthday of Marie Antoinette or
obtain a summary of the work of Isaac Newton, one
could do so and be confident of the accuracy of the in-
formation received. It was harder to discern Marie
Antoinette’s place in history and the background and
consequences of the Newtonian revolution.

In short the Board’s problem was how to make Britan-
nica more than a “hunt-and-find” book, how to make it
an instrument of education. Nobody wanted to sacrifice

the reference function. Britannica had to continue to
furnish correct, up-to-date information. Was it possible,
while maintaining Britannica’s standing as a reference
work, to make it a means of understanding?

The problem is illustrated by the “topical” encyclo-
paedias, which present subjects to be learned, but from
which it is frequently hard to gain information.

The Board, after many years of debate, came to the
conclusion that Britannica should be both informational
and educational.

The Board decided that the reference function should
be carried out by a number of volumes giving, in
capsules of 750 words or less, statements of fact about
the subject and indications showing where further in-
formation about it could be found in the set. One who
wanted the answers to questions of fact could find them
in these reference volumes. These volumes would also
show the reader where he might locate places in Britan-
nica that gave him the chance for systematic study.

Chances of this kind would be offered in the larger
articles in the set, contained in other volumes, all as-
sembled according to a plan designed to lay the circle
of learning open to the reader. This plan evolved from
the studies that Warren E. Preece, then Secretary of the
Board of Editors, began as early as 1961.

These principles having been adopted, the question
became one of execution. No such encyclopaedic ven-
ture had ever been attempted. There were no models to
imitate and no horrible examples to shun. Clearly, the
cost of the enterprise, involving the organization and
writing of more than 42 million words, would be stag-
gering.

At this point the character of the Publisher, Senator
William Benton, was decisive. Although he believed
that Britannica was already a work of which he and his
associates could be proud and although he was under
no pressure to publish a new edition, his own standards
led him to conclude that he must do what he could to
make Britannica better still. As a member of the Board
of Editors he had taken part in all the meetings that had
led to the new program. He committed the company
to its realization, and never wavered. It is distressing
that he did not live to see the completion of a project to
which he devoted so much time and effort and which he
justly regarded as one of the great contributions he had
made to the cause of education in the course of a long
and distinguished career.

Having authorization to proceed, the Board of Editors
faced a new order of questions: What was the plan to
be? The Board spent several years debating this issue,
making experiments, and reviewing preliminary drafts
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by various hands. Between 1965 and 1968 Mortimer J.
Adler, a member of the Board of Editors, worked out
the scheme of the new encyclopaedia. In addition to his
celebrity as a philosopher, Dr. Adler had been the mov-
ing spirit in the publication by Britannica of Great
Books of the Western World and had had the responsi-
bility for the Syntopicon, a task that had required him
to organize and present the vast range of knowledge in
Great Books. The architectural design of the Fifteenth
Edition as developed by Dr. Adler in consultation with
the Board of Editors was approved. His own description
of it follows on page 5. Dr. Adler became Chairman of
the Editorial Planning Committee in 1966, Chairman of
the Editorial Executive Committee in 1969, and project
manager thereafter. It is safe to say that without his
learning, imagination, and drive the Fifteenth Edition
might never have been started or brought to completion.

After the formulation of the plan came its execution.
This responsibility was assumed by the Editor, Warren
E. Preece, who had been variously Secretary of the
Board of Editors, Editor, General Editor, and, again,
Editor. The breadth of his education, his clear concep-
tion of what an encyclopaedia ought to be, his wide

acquaintance in the learned world, and his ability to
build up a devoted editorial staff made possible the
completion of a task the magnitude of which would
have overwhelmed a less capable and less dedicated
man.

The result is a revolution in encyclopaedia making.
This work combines the reference and educational func-
tions. The reference function, and the index function,
too, is performed by ten volumes called the “Micro-
padia.” The educational function is carried out in two
ways: through an introductory volume called the “Pro-
padia,” which is an outline of knowledge and guide to
the Britannica, and through 19 volumes called the
“Macropzdia,” made up of more extended treatment of
fields of human knowledge and major topics of human
interest. These three—the Propedia, the Micropedia,
and the Macropaedia—are designed to meet the encyclo-
paedic needs of the reader, whatever they may be.

The Board of Editors is proud to have had a part in
one of the great publishing ventures of our time. The
Board believes that the Fifteenth Edition is an important
step toward the goal all its members share, a learning
society.

ROBERT M. HUTCHINS }
Chairman, The Board of Editors, 1947-1974
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Editor’s preface

Bibliographically, the volumes that follow this preface
constitute the Fifteenth Edition of the Encyclopeedia
Britannica. For the first time in more than four decades,

the editors of this work have determined that the times-

require an encyclopaedia so new and so fundamentally
different from those that have gone before it that the
practice of annually revising the printing of the previous
year would have to be replaced by a one-time return to
the preparation of a totally new and newly numbered
edition. ;

To understand the importance of such a step requires
some understanding of the nature of encyclopaedias,
some knowledge of the history of this encyclopaedia in
* particular, and some insight into what it was about the
- state of knowledge in the world that appeared to make
changes of the order herein offered a necessity.

The First Edition of the Britannica appeared serially,
beginning in 1768 and culminating in three bound vol-
umes in 1771. For more than 150 years after that, the
set was sporadically revised in new numbered editions
as were required in the view of its editors. Each of the
editions varied in the amount and kind of change in-
troduced in it. The Third, for instance, was the first
edition in which articles were prepared by working au-
thorities in the fields of knowledge to be covered, rather
than by editors who abstracted from the learned litera-
ture of the day. The Ninth brought an almost wholly
new orientation, requiring that its articles be longer
and deeper and systematically arranged. The Eleventh
marked a return to a combination of relatively long

“systematic” articles supported by thousands of shorter -

and more specific entries.

By 1929, and the appearance of the Fourteenth Edi-
tion, it had become clear to almost everyone that the
system of numbered editions, revised in a major way
only erratically and supplemented by new material only
occasionally, could no longer meet the demands of a
serious encyclopaedia and its users. A new policy,
called “continuous revision,” was instituted, under
which articles were assigned to academic specialists for
periodic review, were then scheduled for revision on the
basis of the needs suggested by advisory reports con-
cerning them, and new versions of them were intro-
duced into the set as required by the subject matter and
permitted within the limited flexibility allowed by the
alphabet and the state of printing technology.

Clearly, the system was an improvement over that
which it replaced. In each of the last several years, an-
nual revision programs have seen the introduction into
the set of from three to eleven million words of new or
substantially revised material. To note that the present

set, by its very nature, constitutes a temporary return to
the earlier practice of extensive change as implied by
renumbered editions is not, therefore, to assert the end
of the program of continuous revision that worked so
well that for more than 40 years no two editions of the
Britannica were ever completely similar, and so effec-
tively that -despite an increase of knowledge almost
without parallel, successive users of this reference work
have had at their disposal a collection of volumes that
provided in balanced and thorough fashion a continuing
account of the size and shape of the expanding world of
knowledge.

Works, at first encyclopaedic in spirit and content, and,
later, in form, have existed throughout the world almost
since the development of the written word. Before the
name itself had been created, men were trying to cap-
ture within the confines of written pages the content
and organization of the knowledge at their disposal as
they understood it. Every seriously intentioned en-
cyclopaedia has been based on—has been a reflection
of—the quantity and quality of the scholarship of its
time and the degree to which it was disseminated among
‘men, Obviously, much of this year’s Britannica simply
could not have been written for the Eleventh Edition of
the set published 1910-11; hardly any of the scientific
theory that was to lead to either the nuclear bomb or
the conquest of space had been formulated and much of
it had been only guessed at by a handful of advanced
workers in each of the fields involved; quantum me-

"chanics as a name had little currency; psychoanalysis

and Marxism were barely at the threshold; Russia was
still the domain of a tsar, Hitler was hardly known even
in his own city, and Sun Yat-sen was leading a revolu-
tion in China. World War I had not been fought. In art,
in literature, in music, in' economic theory, in medicine,
in almost every aspect of man’s mental and technologi-
cal activity it was, beyond dispute, a world almost un- -
recognizable today. And it is no denigration of the
Eleventh Edition to note now that it reflected its world
so perfectly that it has value today as little more than a
historical novelty of interest largely to sentimentalists
and those whose work requires that they know and un-
derstand the scholarship of an earlier age.

Only 18 years later, when the Fourteenth Edition ap-
peared, there was a different—neither necessarily better
nor worse—world to be contended with. A World War
had cut gashes across the globe, redrawing the political
boundaries of many of its lands and testing the political
loyalties of many of its peoples. Communism had be-
come a force to be dealt with and there was new knowl-
edge at large. Not everyone accepted Freud’s explana-



tions of themselves, but few could doubt the reality of
his influence. Scientific theory had changed. Depression
on a vast scale was about to test man’s understanding
of his economic systems and to demonstrate (if demon-
stration was required) that the nations of the world
would have to exist (if they were to exist at all) inter-
dependently. In Germany, Hitler was only a few years
away from a political victory that would influence his-
tory until long after his death.

Indisputably, an encyclopaedia suitable to the world
of 1911 would have been found to have only little rele-
vance to the world of 1929, and even less to that of
1974. There are limits after which the mere addition of
new information at the ends of old articles cannot be
made to suffice. There are periods after which it must
be recognized that what once seemed to be truths may
have been at best little more than half-truths. There are
times when only a totally new statement of the past as
currently understood and the present as now glimpsed
will meet the requirements of a general encyclopaedia.
A Britannica that set out seriously to report the general
state of intellectual knowledge in 1974 could, for in-
stance, hardly assign 30 of its pages to a study of Chiv-
alry, 30 to an analysis of Heraldry, and three to the legal
position of pornography, obscenity, and censorship.
Even if it were possible to do so, it would be little more
than quaint to treat each new year’s exploits in space as
simple chronological continuations of Columbus’ .ex-
plorations of the Atlantic. It is not irrelevant to note
here that in the last several printings of the Fourteenth
Edition, there was but one article dealing with ac-
climatization. It was 3,800 words long and was sup-
ported by only three references elsewhere in the set.
When the editors and the experts with whom they
worked in preparing this Fifteenth Edition reexamined
the same subject, they found that a single article was
required but, that man’s present understanding of the
phenomenon would demand the further support of 43
additional references elsewhere in the set.

First work on this edition of the Britannica began, as
has been pointed out elsewhere, in 1947 with the ap-
pointment of a Board of Editors under the leadership of
Robert M. Hutchins. It took on a new seriousness and a
new immediacy a few years later, when innovative de-
velopments in printing technology opened the way to

~ more extensive annual revisions, thus making it more

necessary than it had been before that the set’s editors
have a set of goals and criteria against which such
annual printings could be planned. It continued in an
even more serious way after 1957 when Dr. Hutchins
and the late Lord Crowther, then vice-chairman of the
Board, led investigations into what a totally new en-
cyclopaedia—one planned, for instance, as if it had no
earlier versions with which to comport—might be like.
It moved further forward from 1961 and 1964 when
the Center for the Study of Democratic Institutions in
California undertook to determine the ways in which it
might prove to be (or, equally, not to be) the case that
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conditions in the world had changed to the extent that
such a genuinely new encyclopaedia was (or, equally,
was not) required. At a more immediate level, planning
began in earnest in 1966, with the appointment of an
enlarged staff of senior editors and advisers to work out
the topical contents of a new set under the direction of
an Editorial Planning Committee established especially
for that purpose.

Elsewhere in this volume, the Director of Planning,
who was Chairman of that committee, has described the
basic intellectual document on which the contents of
the present set find their foundation—i.e., the outline
of the traditional body of knowledge which at some
level of generalization must be included within the
pages of any serious general encyclopaedia.

The editor of the First Edition of the Britannica
wrote in his preface that only to the extent that it was
useful could it, or any other set of similar volumes,
lay claim to the approbation of mankind. Every suc-
ceeding editor of the set has accepted the dictum as
his own. The question that had to be answered before
work on the new set could begin in full seriousness had
to do, then, with what it would mean in the last quarter
of the 20th century for an encyclopaedia to be as use-
ful—or, even, more useful—in its time, as its predeces-
sors had been in theirs.

Though encyclopaedists frequently debate the ques-
tion of utility in terms of whether their works should
be ‘““alphabetical” or “topical” in organization, the fact
is that the argument misses the point. In itself, knowl-
edge does not exist in either a topical or an alphabetical
form and knowledge can be organized only in a method
that is both topical and alphabetical. By implication,
then, what is at stake to the editors of encyclopae-
dias has to do only with the presentation of knowledge
which traditionally has tended to be either topical or
alphabetical.

What seems to be the more important issue surround-
ing the question is the degree to which knowledge is
to be either fragmented or synthesized around some
organizing principle. In the so-called “alphabetical”
presentation, the editorial effort is usually on finding
the smallest part or parts into which the segments of
the whole of the circle of knowledge can be broken.
Such works are likely to be long on short entries, on
articles that focus wherever possible on a single—or
at the very most on a few—aspect of larger topics.
They are sometimes called “look-it-up” books be-
cause their organization makes it more or less simple
for the user to equate a topic about which he desires
factual information with a plausible matching title and
then go directly to the volume containing such a title
within its segment of the alphabet. The problem with
such sets is that they imply that these small bits of
knowledge will either be meaningful and intelligible in
themselves or that, if they are not, the reader will (1)
already know the background necessary to understand
the relation of each to the whole or (2) be willing to
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go to another article to secure that background in-
formation. What usually happens, instead, is that the
reader assumes that a smattering of knowledge is bet-
ter than nothing at all and proceeds as if background
information, relationships, contexts, are all of no con-
sequence. It is as if the significance of the reoccupation
of the Rhineland in the period between the two World
Wars could be understood without any prior knowledge
of the history that had led to the demilitarization of the
zone in the first place.

Experience indicates that contemporary encyclopaedia
users use, or on separate various occasions would like
to use, encyclopaedias in three ways.

First, there are the occasions on which a reader de-

sires to look something up—the “something” in such
cases being more often than not quite limited in its
scope—the size of the whale, the feeding habits of the
robin, the achievements of Rudolf Virchow, or the cir-
cumstances surrounding the discovery of radium.

Second, the user may turn to an encyclopaedia for
information about a broader, but still relatively limited,
subject. He may, on such occasions, be more interested
in the causes of the war in Vietnam than in the casualty
statistics of the Tet offensives that were a part of that
war; he may want to know how interest rates can be
used to control the volume of currency in circulation
rather than how to define compound interest; he may
be interested in a broad survey of French literature
and not necessarily—at the time, at least—in the date
or occasion of the publication of a book by Camus.

Third, users may on occasion seek that genuine un-
derstanding that in itself somehow defines what the
world means by the word education. On such occasions,
his interest is in neither the size of the whale nor the
taxonomic characteristics of the family to which the
lion belongs, but in an insight into what has been known
and conjectured about the whole sweep of life on Earth.
In such instances the reader is interested not in zoology
or botany (or biology which is the older combination of
both) but in an understanding of the objects of studies
of all of the sciences as they relate to something grander
than the disciplines themselves.

Starting, then, with the decision that an encyclopaedia
is nothing at all if it is not a summary statement of the
traditional knowledge of the culture that has produced
it, and that utility is in fact the name of the unit in
which encyclopaedias must inevitably be measured, it
was clear that any new edition of the Britannica would
have to set out to meet all three of these functions and
do so without detracting from the degree to which it
also met the others.

The three-part organization of the present encyclo-
paedia, into Propedia, Macropedia, and Micropedia,
seemed almost to suggest itself as the obvious solution
to the problem thus posed. It must be emphasized here
that although there are circumstances in which each
user will wish to exploit only one of the several ways
in which the set may be utilized, and although each

of the three parts might appear to lend itself superla-
tively, if not exclusively, to one or another of the uses,
the fullest value of the set is to be attained only in the
utilization of the whole. The Fifteenth Edition of the
Encyclopeedia Britannica is not three encyclopaedias;
it is one encyclopaedia specifically planned to be usable
in three different ways. :

A written statement of editorial policies to govern
the construction of the Fifteenth Edition began with an
enumeration of goals expressed in terms of the qualities
for which the Britannica so long had been famous that
its name had become almost a generic word meaning
“encyclopaedia”:

The existing Britannica is marked, to a greater or lesser
degree, by six encyclopaedic qualities that must be at-
tained to an even greater degree in the new Britannica:

a. Authoritativeness: Whether it speaks in its own voice,
or in that of its contributors, the new Britannica must
speak from and with authority;
b. Comprehensiveness: The proper scope of a general
encyclopaedia is the whole circle of learning. The
presence of all parts of that circle must be a demon-
strable characteristic of the new Britannica;
c. Encyclopaedic brevity of condensation: A general
encyclopaedia is a summary statement of learning. In
the new Britannica even the longest articles on even the
most major subjects should be less lengthy than books
or treatises on the subject and must be scaled so as to
be commensurate with the purposes of an encyclopaedic
survey;

d. Accessibility: By the imaginative use of an alpha-

betical arrangement of articles, a useful alphabetical

index, internal cross-referencing, and other devices, the
contents of the new Britannica must be efficiently avail-
able to its users;

e. Accuracy: No matter how clearly the new Britannica

manifests its other qualities, it will fail to the extent

that inaccuracy renders its contents undependable;

f. International orientation: While the new Britannica

is uniquely a product of the culture of the West, it

must not be parochially Western in its view of learning.

In connection with the point just made, the editors
note with some pride that in their determination to
secure the best authorities and the best writing skills
available anywhere in the world, they have produced
a version of this set in which for the first time in its
more than 200 years of publication, only about one-
half of its authors have been drawn from the country
within which the enterprise is owned and largely di-
rected. Articles on subjects spread across the whole
of the broad spectrum of knowledge have been assigned
to experts without regard to their place of origin, of
residence, or of occupation. The entry on electric pow-
er is by a member of the Japanese Atomic Energy
Commission; that on nuclear fusion is by a Russian,
and that on defense expenditure by an Englishman. An
Australian has written on Vladimir Nabokov, a Cana-
dian has written on the history of Rome, and a Ger-
man has written on the history of China.

Earlier studies of the rate at which new information
is being produced and the degree to which specializa-
tion is producing a kind of deleterious academic frag-



mentation felt even in the faculties of major universities,
suggested that the utility of the new Britannica would in
the end be measured in part by the degree to which it
- could maintain its superiority in terms of the qualities
mentioned above and, at the same time, achieve new
qualities based on these new realities.

First, it was clear that knowledge is proliferating at
_ rates, and specialization is developing in ways such
that a general encyclopaedia can no longer hope to be
useful (if, indeed, it ever had been) to the specialist in
his own field. It is a fact of which no encyclopaedist
- can possibly be ignorant that the finite and limited
pages available in a general encyclopaedia for the treat-
ment of any given subject make the bound volumes of
such sets inappropriate sources of information for the
professional reader in his own field. It was assumed,
therefore, that although all readers of the Britannica
might be specialists—or have. the interests of specialists
—in some area of knowledge, they will turn to a gen-
eral encyclopaedia only as generalists interested in fields
‘outside of their own.

A consequence of grave editorial importance followed
from such a conclusion. It was clear that although many
years of almost worldwide experimentation in mass ed-
ucation had produced an educated readership hardly
even imaginable to earlier editors of the Britannica, they
had in many cases also produced a readership so spe-
cialized that workers in all fields found it increasingly
difficult to communicate with each other across fields.
It must also be noted that the proliferation of educa-
tion for all had not necessarily raised the general edu-
cational background of all. A general encyclopaedia can
exist, Britannica’s editors were warned by more than one
academic, only if it can find a language with which to
keep some kind of communication common to all, open
to all.

The new objectives of the new Britannica were de-
scribed in the statement of editorial policy as follows:

1. Readability by, and intelligibility to, the curious, in-
telligent layman. Although the user of the Britannica may
be, and frequently will be, a specialist in some field of
knowledge, it is assumed that he will never turn to its
pages to meet his own needs within that field. The user is
therefore presumed to be, on every occasion of use, a curi-
ous, intelligent, but nonspecialist reader. While the special-
ist must not be offended by the encyclopaedia’s treatment
of his own specialization, that treatment should not at-
tempt to be adequate to his needs within it;

a. Articles should, therefore, be positioned at a level
of generality above that of purely specialized detail and
should be characterized by an appropriately reduced
density of detail rather than by an apparent determina-
tion to pack everything known about a subject into an
allotted space.

b. Further, articles should not assume detailed back-
ground knowledge on the part of the reader: if forced
to choose between more facts unexplained and fewer
facts explained, the treatment should always tend
toward the latter.

c. Finally, in the treatment of certain subjects that are
by their nature irreducibly difficult and technical or
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communicable only in a language understood solely by
specialists, at least some portion of the article should be
readable to the layman to whom, at a minimum, the
significance and general bearings of the subject must be
made comprehensible.
2. Integration and coherence. As a summary report of
the whole circle of learning, the new Britannica will
function efficiently only to the degree that its treatment
of the subjects that make up that circle is consistent, co-
herent, and integrated.

a. Subjects that are related to each other, as parts of a
whole or as wholes encompassing parts, must be treated
so that their relationships to each other and to their
wholes are manifest to the reader.

b. Subjects that are alike in kind, quality, or scale
should be treated alike and at a similar scale.

3. Controlled fragmentation and duplication. To the ex-
tent that the circle of learning is seamless, any survey of
it consisting of more than one article is destined to be
marked by some degree of fragmentation and therefore
some degree of duplication. An overriding goal of the
new set is to achieve a minimum of fragmentation and a
maximum control of duplication.

a. Although any given subject may be treatable in
several contexts, its major treatment should be de-
veloped in one article rather than in several separate
and unconnected articles. Articles dealing with sub-
jects demanding treatment in different contexts must,
therefore, be planned with this requirement in mind.

b. Complex subjects that call for unity of treatment
should be developed in articles dealing with them as
wholes rather than in disconnected articles about their
parts; and in such cases the consolidated article, when-
ever possible, should be oriented toward detailed treat-
ment of its subsidiary parts. The unity of the subject
and the interconnections of its parts should be the con-
trolling principle in the consolidated treatment.

4. Objectivity and neutrality.

a. Articles should be so written that they avoid ex-
pressions of bias or prejudice on any matter about
which a respectable and reasonable difference of opin-
ion exists. :

b. Further, in all areas in which the scholarly world
acknowledges significant and reputable differences of
opinion, diverse views concerning such differences
should be fairly presented, though the majority or ac-
cepted view may be so designated.

5. Topical as well as alphabetical accessibility to the
contents of the set. By combining topical and alpha-
betical accessibility, the new Britannica will function
more effectively as an educational instrument and an
ordered statement of learning to be read and studied as
well as a reference tool containing information so or-
ganized that it can be easily “looked up.”

a. The aim of topical accessibility is to serve the needs
of the reader who asks “What can I learn from study
in the encyclopaedia and how can I learn it?”

b. In offering an answer to this question, topical ac-
cessibility can provide a systematic outline of the whole
circle of learning, so structured that the parts can, if
the reader desires, be reassembled as a whole.

Against the background of these considerations and
the broad statements of policy growing from them, an
expanded group of senior editors and university ad-
visers met almost daily to create an outline of knowl-
edge on the basis of which a list of all of the topics
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requiring treatment in a general encyclopaedia could
subsequently be prepared and the treatment of them
assigned as appropriate to one or another of the sec-
tions of the set. Of more interest to encyclopaedists
than to lay readers, the meetings today seem notable as
one of the few known instances in which senior editorial
people representing all of the fields of knowledge could
meet regularly to discuss the disposition of that knowl-
edge within—as it were—a circle, and could relate
their actions to decisions made concerning the whole of
the circle rather than the individual parts as represented
by the specialties of the editors and advisers involved. It
was at no time the intention of those involved in the
process that the evolving outline should represent a
particular system of knowledge and none of the staff
of this reference work would want to argue that knowl-
edge can be organized in only one way; that any mono-
lithic system can be made to serve the needs of a gen-
eral encyclopaedia. Nor would any want to argue that
the outline that evolved from their sessions necessarily
constitutes the best such outline. All that was hoped
for, and what was achieved, was the construction of a
workable and defensible outline, one that, without con-
tentiousness, would set forth in some orderly way the
major topical rubrics that must ultimately be dealt with
in a general encyclopaedia.

On the basis of advice from experts not previously as-
sociated with the development of the outline itself, the
first draft of that document was revised and the editors
next began to compile a list of the articles that would
be required in order to deal in some appropriately
balanced way with all of the topics- named in the
statement of intentions—then the working name of
the “Outline of Knowledge.” Predictably, it was found
that there were instances in which several rubrics
might find their best treatment combined in but a single
article; that in other instances, sections or even sub-
sections of single rubrics might require treatment in
several articles. The important consideration was that
wherever possible fragmentation and duplication be
eliminated, and that wherever this was impossible, they
be, at the very least, rigorously controlled.

In a drastic departure from past Britannica practice,
each projected article was then outlined as to its con-
tent. The purpose of such outlines—each author was
informed—was to assure that all of the circle of knowl-
edge would be covered somewhere in the set on the one
hand, that wherever possible each of its parts would
receive its major treatment in only one place, and
that each of its parts would be treated on a scale de-
termined by all of the other parts. As authorities, au-
thors were, of course, given wide latitude in reordering
the presentation of the material called for by their out-
lines, and much latitude in reevaluating the amount of
space to be assigned to each of the topics for which
they were to accept responsibility.

Senior editors were required to nominate as potential
contributors for each of their own articles three au-

thors whose work they had read and could interpret as
indicating that the nominee, in addition to being an
expert in the subject matter involved, could—and equal-
ly importantly, presumably would be willing to—write
for the curious, intelligent lay reader. It was further re-
quired that in every case at least one of the contributors -
nominated be from a country other than the United
States. '
The processes and policies described so far had their
greatest influence in connection with the development
of the 19 volumes of the current edition of the Britan-
nica that became known as the “Macropadia.” The
articles in these volumes total 4,207. But long before
any of the work on this part of the set had been serious-
ly considered, it had been recognized that such volumes
and such articles could, in fact, be used satisfactorily
only if a way could first be found to lead the reader
from what might be a very general or, in some instances,
a very specific interest to an article either less, or more,
general in concept. The role of the Outline of Knowl-
edge in leading the reader from some general interest in
a whole field of knowledge to the separate arcs under
which segments of the circle are dealt with in the.
Macropedia is considered in the preliminary pages of
the “Propzdia” section of this volume. \
As to the other side of the coin, it has long been recog-

nized that the educational values of general encyclopae-
dias could be enhanced, could, in fact, be realized at all,
only if readers could be brought to use an index as their
first point of entry into the set. Every editor’s file con-
tains instances of complaints that a given topic is not
dealt with in a set, when all that the reader really means
is that it is not dealt with in an article bearing the name
under which he had expected to find it, and that he has
not yet troubled himself to refer to the index—where, as
often as not, he might find several references to his
topic of interest. In planning this Fifteenth Edition of
the Britannica, it was assumed that one solution to the
problem might lie in making the index volumes a
uniquely indispensable key to the whole, on the one
hand, and a valuable source of reference information
about the subject being researched on the other. It may,
then, be asserted that the reader who turns first to the -
appropriate part of the Micropedia will learn immedi-
ately whether or not the subject in which he is interested
is treated in the set and, even more importantly, will
find there much of the so-called “reference data” con-
cerning that subject and may indeed—if his point of
interest was specific in nature—find there the answer
to the question that led him to the book in the first
place. In such cases he will, obviously enough, need
to look no further, though hopefully the short Micro-
pedia article may succeed in arousing his interest to
the point at which he will wish to learn more. In such
cases, he will find how the subject is treated in the set,
where in the Macropedia his topic of interest is dealt
with in its more general aspects, where else in the
Micropedia he will find further related data. In addi-



tion to serving as an index to the whole of the set, the
Micropedia will, then, be seen to constitute in itself a
10-volume source of encyclopaedic information.

The editors believe that no other arrangement of the
whole of the circle of knowledge to be dealt with in
the confines of a general encyclopaedia can serve so
well the varied uses to which encyclopaedias are put
by those who turn to them.

Several more practical editorial decisions and de-
velopments flowed naturally from the same series of
considerations that had led to the decision to proceed
with the creation of an entirely new edition of the Bri-
tannica in the first place. They are considered here in
an order that does not necessarily reflect the editor’s
sense of their importance:

1. In a world characterized by academic and profes-
sional specialization, it is not uncommon for the author
of an encyclopaedic article to find it necessary to refer
to workers, living or dead, whose names may be un-
known to his lay readers no matter how well educated
they may be in other fields. Britannica authors were
asked, therefore, to identify, whenever such identifica-
tion appeared to be reasonably necessary, all names
not the “common property” of all educated readers. Be-
cause such identification so frequently has involved the
designation of a nationality and a status within an aca-
demic discipline (e.g., “eighteenth-century French math-
ematician”) it has sometimes seemed that the interna-
tionalism proclaimed in the statement of editorial policy

was in danger of being violated in the execution of that -

policy. Such, of course, was not the intention of the
editors, who were well aware that such phrases normal-
ly constitute the minimal identification with which dic-
tionaries of biographies begin their articles. That men
and women may be born in one country, practice in
another, and die in a third, or may follow careers that
do not lend themselves to unique description makes-the
device difficult but does not render it unuseful.

2. Although the editorial policies set out for the set
as a whole could not always be met in the case of
mathematics, which remains both a subject matter and
a language in itself, two devices have been introduced
in the effort to make science articles in general more
intelligible to the lay reader. In the first place, wherever
possible, equations and formulas have been verbalized
or “written out” as statements in words as well as a
series of letters and symbols; in the second, such equa-
tions have, in many of the mathematics articles, been
removed from the text of the article (where their places
-have been taken by more generalized statements in
“natural” language) to boxes, where they remain avail-
able to the reader able to utilize them.
3. In logic, it is possible to make only one assumption
about the language capabilities of the Britannica user.
Since this encyclopaedia, though it is available in many
countries throughout the world, is printed only in an
English-language edition, it has been assumed that all
users of the set must inevitably share the ability to read
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in that language with some degree of fluency. Many, of
course, speak other languages; many more read other
languages. Nonetheless, since English is the only lan-
guage known for certain to be understood by the Britan-
nica user, Britannica authors and editors have been at
pains to limit the use of non-English words and phrases
and to provide translations or paraphrases of such
wherever their use has been unavoidable.

4. Importantly, in assuming that the specialist turns to
a general encyclopaedia for information only about
fields in which he is not a specialist, the editors accept-
ed, as well, the corollary that the Britannica user should
be required to deal in general only with the language
and the literary conventions of the literate man and
woman, and not with those of the specialist. The editors
recognize that technical language and technical conven-
tions have a valid utility within each academic specialty.
They provide a precision and a unique method of com-
munication between people who work within that spe-
cialty. They may, however, be confusing and uninforma-
tive to the reader from another specialization. ‘Since a
general encyclopaedia cannot deal in the vocabulary and
literary conventions of all specialties, it was determined
that it should, wherever possible, deal in the vocabulary
and conventions of none. Professional jargon has been
eliminated where possible and its terms defined wher-
ever its elimination was impossible.

5. Bibliographies at the ends of articles in which they

" have been included have in general been lengthened

for the benefit of the reader who wishes to read more
deeply in the subject matter involved. At the same time,
they have, by design, been annotated so that the lay
reader might know in advance the likelihood of his de-
riving benefits from turning to any given work. Authors
have been urged to avoid the inclusion of titles likely
to exist only in small numbers of rare copies carefully
guarded in but one or two libraries throughout the
world.

6. The use of place names and personal names in an
encyclopaedia prepared for distribution in many coun-
tries has always been a particular problem to the edi-
tors of general encyclopaedias. Whether to use the
name of a country or a city preferred within the place
itself, or one generally used in other countries is a
problem that admits of no easy solution. On the advice
of experts who have consulted with Britannica on the
problem, this edition of the Britannica uses place names
as recommended by the boards of geographic place
names in the United States and the United Kingdom.
Exceptions to this general rule are few, and are limited
to cases in which the recommended name would have
little meaning in most of the world in which the Britan-
nica is used. Similarly, in the case of personal names, it
was tempting to rule simply that such names will be in
the forms as used by the persons whose names they are
or were, and this rule was, in fact, adopted, save for
certain exceptions in which the result would fall
strangely on too many ears. Thus, though the contem-
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porary Russian composer is officially Dmitry Dmitriye-
vich Shostakovich, he is known in the Britannica, as he
is in most of the West, as Dmitry Shostakovich; the ear-
lier Russian composer Pyotr Ilich Chaykovsky remains,
as in past editions, Peter Ilich Tchaikovsky; and a fig-
ure such as King Saud is known thus, as he was in the
newspapers, while his father is Ibn Sa‘ad. A constant
effort has been made to retain the level of such excep-
tions to thé barest minimum. In the case of Japanese
names, as in Japan, the family name is stated first, and
the given name last.

7. The older Britannica custom of publishing an atlas
in the final volume of the set has been abandoned in
the conviction that maps belong where they will be
most useful to the reader—i.e., throughout the set in
proximity to the articles that depend on them for clarity.

8. The use of diacritics, the transliteration of non-
Latin alphabets, and the translation of certain non-
English languages have been standardized on the basis
of rules worked out over a three-year period by Britan-
nica editors and advisers.

9. Tables and charts have been used extensively in
the Micropedia volumes. Geographical statistics, in-
cluding demographic factors, economic reports, and
other similar data, are thus to be found for each country
in convenient boxes (accompanied by a picture of the
flag of the country) with each Micropedia country arti-
cle. Special large charts providing bases for interna-
tional comparisons of such data are published in a sep-
arate section at the end of Volume X of the Micro-
pedia.

10. Finally, it is expected that most readers will find
the new lists of major works appended to the biogra-
phies of most workers in the arts of great reference
value, but the editors would be the first to concede that
the definition of “major” is not easy to agree on.

Because it will be asked, it may be said here that all
Britannica entries after editing are returned for ap-
proval to the men and women who first submitted them.
Changes required by objections to the editing are seri-
ously considered and, when they involve matters of
factual accuracy, or do not violate established editorial
policy or stylebook rules, are incorporated in revisions
prior to printing. In that fortunately small number of
instances in which authors have felt for reasons of their
own that the results were still unacceptable to them,
the proposed entries have been submitted to a recog-
nized peer of the author and, when such advisers have

said that the manuscript was factually accurate and
would reflect credit on both the Britannica and its con-
tributor, the entry was printed without identification of
the author.

The preparation of a general encyclopaedia contain-
ing more than 42 million words in 30 volumes obvi-
ously has to be the work of more than a single man,
a single committee, or a single staff. In the case of the
Fifteenth Edition of Encyclopedia Britannica, that work
involved (in addition to its late publisher whose faith
and investment were indispensable, and others listed in
appropriate places in this volume) the efforts of an edi-
torial staff of hundreds, an advisory staff of more than
200, and more than 4,000 contributors. It is tempting
to list at least all those who as staff members made sig-
nificant contributions to the outcome of the work. It is
also impossible to yield to the temptation.

One must, however, pay particular credit and express
particular thanks to Philip W. Goetz and Donald E.
Stewart, each of whom brought to the work more than
20 years of encyclopaedic experience that on more than
one occasion provided the expertise necessary to keep
success from becoming failure. As executive -and man-
aging editors respectively, they directed the efforts of
all the editors and supervisors whose work was crucial
to the completion of the entire project. In England,
Christopher H.-W. Kent, as Deputy Editor for London,
performed with similar distinction his own role with
that part of the editorial staff located there.

As assistant project manager, Normand LaJoie worked
effectively to assure that the normal reluctance of edi-
tors and writers to complete manuscripts for release to
printers on time did not impede the achievement of pub-
lication dates; Raymond Majesty served as always as a
worker of miracles in looking after all of the difficult
operations that must be done early if articles are later
to appear in proper alphabetical order on pages in vol-
umes, both with numbers that do not yet exist, and that
paper and printing are all to come out in proper se-
quence at the end and on time. Mrs. Anne Long, as
Executive Secretary to the Editor, coped with more
problems than she should have had to, and did so al-
ways with good humour, good grace, and great intelli-
gence.

In citing the few who can be listed above, the editors
are equally aware of the tremendous dedication and
abilities and efforts of the many who must simply now
be listed opposite.

WARREN E. PREECE
The Editor, 1964-1975
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The circle of learning

“The alphabetical system of arrangement,” observed the
Editors of the Eleventh Edition of the Encyclopedia Bri-
tannica (1910-11), “with its obvious advantages, neces-
sarily results in the separation from one another of arti-
cles dealing with any particular subject.” The addition of
an alphabetical index can do no more than give the reader
“assistance in obtaining information under headings
which are not themselves the titles of articles in the En-
cyclopaedia.” Consequently, “the student who desires to
make a complete study of a given topic must exercise his
imagination if he seeks to exhaust the articles in which
that topic is treated.” This result is certainly a serious de-
fect in the system for anyone who feels—as did the Edi-
tors of the Eleventh Edition—that an encyclopaedia
should not be merely a “storehouse of facts,” but should
also be “a systematic survey of all departments of knowl-
edge.” To remedy this defect, the Editors constructed a
“Classified Table of Contents,” which they believed to be
“the first attempt in any general work of reference at a
systematic subject catalogue or analysis of the material
contained in it.”

Remarkable as it was at the time, this Table of Contents
did not fully succeed in achieving its objective of over-
coming the defects of an alphabetical organization of en-
cyclopaedic articles by means of a topical presentation of
their content. A quick glance at the twenty-four major
categories into which the Table of Contents was divided
will reveal that the alphabet was still the thread on which
the parts were strung: I. Anthropology and Ethnology;
II. Archaeology and Antiquities; III. Art; IV. Astrono-
my; V. Biology; VI. Chemistry; VII. Economics and So-
cial Science; VIII. Education; IX. Engineering; X. Geog-
raphy; XI. Geology; XII. History; XIII. Industries, Man-
ufactures and Occupations; XIV. Language and Writing;
XV. Law and Political Science; XVI. Literature; XVIL.
Mathematics; XVIII. Medical Science; XIX. Military

and Naval; XX. Philosophy and Psychology; XXI. Phys--

ics; XXII. Religion and Theology; XXIII. Sports and
Pastimes; XXIV. Miscellaneous. In each of these cate-
gories, the only further subdivisions involved the distinc-
tion of general from particular subjects, and the distinc-
tion of both of these from biographical entries. Under
each of these headings, titles of the encyclopaedia’s arti-
cles were listed in strictly alphabetical order.

In planning this Fifteenth Edition of Encyclopedia Bri-
tannica, the present Editors, while deciding to retain the
alphabetical ordering of the articles themselves, as printed
in the set, sought to improve upon the effort their prede-
cessors had made to overcome the defects of an alphabet-
ical organization by giving the reader a truly topical, and
totally nonalphabetical, Table of Contents. It would serve

the purpose that the Editors of the Eleventh Edition had
in mind, which was to enable the reader to ‘“make a com-
plete study of a given topic”—that is, a department of
knowledge or field of learning.

It may be asked why it was not thought better to aban-
don the alphabetical principle entirely and construct a
purely topical encyclopaedia, in which all the articles
would be assembled, volume after volume, according to
some general schema for the organization of human
knowledge. The answer is two-fold. First, a purely topical
organization of the articles themselves cannot avoid the
appearance of a certain tendentiousness or arbitrariness
in the editorial commitment to one rather than another
organizing schema or set of principles. The reader is,
therefore, provoked to ask: Does this order, volume by
volume, and article by article, reflect the only right or
proper exposition of the whole of human knowledge?

Second, a purely topical encyclopaedia provides its
readers with only one mode of access to its contents. This
may be alleviated somewhat, perhaps, by the addition of
an alphabetical index; but an index, by its very nature,
serves the purpose of enabling the reader to look up
particular items of information; it does not provide a
general and systematic mode of access to the contents
of the encyclopaedia.

The basic plan of the new Britannica, therefore, aims to
give its readers access to its contents by both the topical
and the alphabetical mode. General and systematic topi-
cal access is provided by the Outline of Knowledge con-
tained in this volume, called the “Propzdia” because it is
a kind of preamble or antechamber to the world of learn-
ing that the rest of the encyclopaedia aims to encompass.
Alphabetical access is provided not only by the alphabeti-
cal ordering of the long articles in the Macropedia, but
also by the shorter entries in the Micropedia, Wthh are
likewise arranged alphabetically.

- Unlike the Classified Table of Contents in the Eleventh
" Edition, which was alphabetically organized by categories

and subjects, the Outline of Knowledge in this Fifteenth
Edition is a purely topical presentation of the contents of
the articles in the Macropedia. 1t is, therefore, reasonable
to ask how such a purely topical outline of encyclopaedic
content avoids the tendentiousness or arbitrariness that is
attributable to an encyclopaedia in which the articles
themselves are topically rather than alphabetically ar-
ranged. Does not the Outline of Knowledge here pre-
sented reflect, perhaps even conceal, a commitment to
one set of organizing principles rather than another?
Does it not embody biases or preconceptions that are
not universally acceptable?

It is hardly possible to say “No, not at all” to these
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questions. Two points, however, can be made affirmative-
ly that tend to reduce or alleviate whatever degree of ar-
bitrariness remains unavoidable in a topical outline of the
whole of human knowledge. One is that the Outline of
Knowledge, while conceived by the Editors, was con-
structed and corrected in the light of detailed recommen-
dations, directions, and analytical contributions from
scholars and experts in all the fields of knowledge repre-
sented. A list that includes the advisers who worked with
the Editors in the construction of the Outline of Knowl-
edge follows Part Ten of the Propedia.

The second point is that the Outline of Knowledge is
conceived as a circle of learning. To say that the contents
of an en-cyclo-paedia form a circle of learning is more
than a literal transliteration from Greek to English. In
Greek or English, reference to the circle introduces a
powerful metaphor, the understanding of which should
help the reader to overcome whatever arbitrariness still
resides in. the Outline of Knowledge in spite of deter-
mined efforts on the part of all concerned to minimize
this defect. A circle is a figure in which no point on the
circumference is a beginning, none is a middle, none is
an end. It is also a figure in which one can go from any
point, in either direction, around the circumference; in
addition, one can go across the circle from any point to
any other; or, by any number of transecting lines, start-
ing from a given point, one can go to any number of oth-
erpointson the circumference, near or far. ‘

The ten parts into which the Outline of Knowledge is di-
vided are disposed not along a finite straight line begin-
ning at this point and ending at that; they are disposed
rather as segments of the circle. While it is true that, in
this arrangement, one part may lie next to another and at
some distance from still another, it is also true that, since
the circle can rotate around its axis, any one of the ten
parts may be regarded as standing at the top of the circle,
or at the left or right side of it, or at the bottom. In other
words, with the circular arrangement of the parts, and
with the rotation of the circle, the reader can begin any-
where in the circle of learning and go from thence to ad-
jacent parts around the circle; or, moving along interior
transecting lines, he can go from any part across the cir-
cle to parts that are not adjacent on the circumference. .

This view of the Outline of Knowledge can be repre-
sented in a number of diagrams. The first pair of dia-
grams shows the ten parts of the outline as segments of
the circle. (For a synopsis of the subject matter covered
in each part, and its various divisions and sections, the
reader is referred to the Table of Contents set forth on
pages 10-16 of this volume. The titles of the ten parts
are given in the box below.) i

In the first pair of diagrams, below, Part One is placed
at the top of the diagram to the left, and Part Nine is at
the top of the diagram to the right, to illustrate the effect
achieved by rotating the circle.

Part Seven. Technology
Part Eight. Religion
Part Nine. The history

Part One. Matter and energy
Part Two. The Earth
Part Three. Life on Earth

Part Four. Human life ~ of mankind ‘
Part Five. Human society Part Ten. The branches
of knowledge

Part Six. Art

The second pair of diagrams, following, places one of
the ten parts at the centre of the circle with the remaining
nine parts as segments of the circle formed by lines radi-
ating from the centre. The point being made here is that
any part can occupy the central position—the place in the
circle of learning at which one begins, going thence in all
directions to the remaining nine parts. To illustrate this,
Part Five occupies the centre in the diagram to the left;
Part Three, the centre in the diagram to the right.

Finally, the diagram below offers still another approach
to the circle of learning. In this diagram, Part Ten occu-
pies the central position; and here there is only one dia-
gram rather than-a pair of diagrams because the reason
for placing Part Ten in the central position applies to it
alone and to none of the other nine parts.

The reason for this special placement of Part Ten stems
from the one organizing principle to which the Editors
were explicitly committed in planning and producing this
new Britannica. Briefly stated, that principle involves a
distinction between (a) what we know about the world of
nature, of man and society, and of human institutions by
means of the various branches of learning or depart-



ments of scholarship; and (b) what we know about the
branches of learning or departments of scholarship—the
various academic disciplines themselves. For the most
part—there are a few exceptions—Parts One through
Nine represent man’s knowledge of nature, of man and
society, of human institutions, and their history. In clear
contradistinction, Part Ten mainly covers the disciplines
themselves—the branches of knmowledge or fields of
scholarship—by which man inquires into, thinks about,
or comes to have knowledge of the world in which he
lives. Part Ten examines the nature, methods, problems,
and history of the various branches of knowledge or
scholarly disciplines, the actual content of which is set
forth in Parts One through Nine.

Thus, for example, Section 10/34 in Division III" of
Part Ten examines the nature, methods, problems, and
history of the biological sciences; but the knowledge of
life that the biological sciences afford is outlined in Part
Three. Or, to take another example, Section 10/41 in
Division IV of Part Ten examines historiography and the
study of history; but the actual history of mankind,
achieved by the methods of historical inquiry, is outlined
in Part Nine.

There are, however, three departments of learning that
are exclusively treated in Part Ten—both with regard to
the nature and history of the disciplines themselves and
also with regard to the knowledge or understanding
afforded by these disciplines. They are logic (in Division
I of Part Ten), mathematics (in Division II), and phi-
losophy (in Division V). The reason for this exceptional
treatment of these three disciplines is given in the Intro-
ductory Essay to Part Ten.

The special character of Part Ten thus explams the dia-
gram in which it occupies the centre of the circle of learn-
ing, but that must not be interpreted as attributing prime
importance to it. This diagram simply indicates the spe-
cial function Part Ten performs in relation to the other
parts. It alone stands in close relation to all the rest; there
are varying degrees of relatedness among the other parts.
For example, Parts Three and Four, dealing with Life on
Earth and with Human Life, are closely related; Parts
Four and Five, dealing with Human Life and with Hu-
man Society, are also closely related; but Part Four has a
different relatedness to Part Three, on the one hand, and
to Part Five, on the other. In the presentation of the Out-
line of Knowledge, the headnotes and the cross-references
give the reader an indication of these interrelationships.

Anyone who is in a position to compare the classified -

list of articles in the Eleventh or even the Fourteenth
Edition with the Outline of Knowledge will be persuaded,
the Editors think, that whereas the immediately preced-
ing editions of Britannica represented a 19th- and early
20th-century view of the state of human knowledge, the
new Britannica, in its Fifteenth Edition, is an encyclopae-
dia that reflects the many changes and innovations in
man’s knowledge and understanding that are emerging at
the end of this century and will continue into the next.
The reader’s attention should be called to two further
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points about the Outline of Knowledge. The first is that it
serves as a table of contents only for the 4,207 longer ar-
ticles in the 19 volumes of the Macropedia. It does not
cover or refer to the shorter entries in the 10 volumes of
the Micropeedia, or Ready Reference and Index. Those
ten volumes should always be consulted first if the reader
wishes to look up any specific point of information by al-
phabetical means. As indicated in the explanation of how
to use the Propedia, which follows, the Outline of Knowl-
edge in this volume should be consulted for a different
purpose—not to look up a specific point of information
which can be found by alphabetical means, but to study
a whole segment of human knowledge, or to examine a
field of learning, which is here topically outlined so that
the reader can discover what he can learn from Britan-
nica about that area of knowledge.

The second point to be mentioned is, in the view of the
Editors, of singular importance, for it distinguishes the
Fifteenth Edition of Britannica from all preceding edi-
tions. The Outline of Knowledge presented in this Pro-
peedia volume, which serves as a topical survey of-the
contents of the articles in the Macropedia, was con-
structed before those articles themselves were named,
outlined, commissioned, written, and edited. The outline
served as the basis for determining what articles should
be written, what their scope should be, how they should
be related to other articles, and so on. It was, therefore,
in origin a table of intents rather than a table of contents.
It represented the intentions of the Editors in laying down
a comprehensive plan for producing a new encyclopaedia,
appropriate to the state of human knowledge and learn-
ing at the end of the 20th century and looking forward to
emergent developments in the century to follow. What
was originally, or in the planning stage of the work, a .
Table of Intents, then subsequently became, after the
writing and editing of the articles was completed, a Table
of Contents that tries to reflect accurately and faithfully
the actual content of the articles. In many cases, the ar-
ticles departed from the original outline and the outline
was therefore revised to accord with the improvements of
it by the contributors of those articles.

All preceding editions of Britannica, as most other en-
cyclopaedias, have been constructed from classified lists
of articles. Such classified lists may vary from one edition
to another, as they have from the First Edition of Britan-
nica through the Fourteenth, but the variations are rela-
tively minor as compared with the fact that they are all
the same in form—nothing but classified lists of articles,
as exemplified by the one presented in the Eleventh Edi-
tion, already referred to. In sharp contrast to such edito-
rial procedures, the Fifteenth Edition has the distinction
of being planned not in accordance with a classified list
of articles, but rather in the light of an orderly topical
outline of the whole of human knowledge, in the form of
the circle of learning that is an en-cyclo-paedia.

MORTIMER J. ADLER
Director of Planning



How to use the Propzdia

The purpose of the Propazdia

As its title indicates, the Outline of Knowledge is intended
to serve as a topical guide to the contents of the Macro-
pedia, enabling the reader to carry out an orderly plan of
reading in any field of knowledge or learning that he may
wish to study in some depth. The Propadia’s Table of
Contents gives the reader an overview of the Outline of
Knowledge as a whole; the Introductory Essays for each
of the ten parts illuminate the major concerns of that part of
human knowledge; the headnotes that are affixed to parts,
divisions, and sections prepare the reader for his examina-
tion of the subjects being covered there; and the outlined
presentations of these subjects, accompanied by volume and
page references to the places in the Macropedia where the
subjects are treated, enable the reader to carry on for him-
self a course of study that may be more or less extensive
and detailed in accordance with h1s own mterests and
desires.

The Propedia, or Outline of Knowledge, helps the reader
to answer for himself the question that, in its most general
form, is as follows: What can I learn from the Britannica
concerning one or another area of human knowledge? More
specifically, the question, for example, might be: What can
I learn about the Earth? or What can I learn about art?
The reader’s interest may be even more specific, as the
following questions indicate. In the field of the Earth sci-
ences, his question might be: What can I learn about the
Earth’s constituent minerals and rocks? or What can I
learn about weather and climate? In the field of art, his
question might be: What can I learn about the theory and

. classification of the arts? or What can I learn about music?

If the reader will now glance at the Propedia’s Table of
Contents on page 10, he will see that the questions just
used as examples have been drawn from the 241 headings
in the Table of Contents. The first pair of questions about
the Earth and art are taken from the headings of Part Two
and Part Six, respectively. The more detailed questions
about the Earth are taken from the headings of Sections
214 and 224; and the more detailed questions about art are
taken from the headings of Sections 611 and 624. Thus,
each of the 241 headings in the Table of Contents can be
used to complete a question of the form, What can I learn
from Britannica about ............ eveeas ..? On the
other hand, if the reader is interested in a particular sub-
ject, he should consult the Micropedia. The subject will be
treated briefly there. In addition, directions are given for
finding places in the Macropedia where that subject is
treated at greater length or in broader contexts.

The difference between the topics, which are the basic ele-
ments in the Propedia, or Outline of Knowledge; and the

subjects, which are the component entries in the Micro- ¢

peedia, will become clear at once to anyone who examines
a page of the Propedia’s outline and a page of the Mtcro-
peedia.

The structure of the Propzdia

Each of the 10 parts, 42 divisions, and 189 sections. that
make up the Propedia, or Outline of Knowledge, is marked
in the Table of Contents by a heading or title, which is fol-
lowed by the number of the page on which that unit of the
Propeedia begins. This structure affords the reader three

main options: (1) he can turn to one of the parts as a whole
and examine the contents of that part; (2) he can select a
particular division of one of the parts and examine the con-
tents of that division; or (3) he can focus on a single section
or several sections of such a division, and examine the con-
tents of that section or those sections.

If the reader exercises the first option and considers one
of the ten parts as a whole, he will first encounter an Intro-
ductory Essay that acquaints him with the major concerns
and character of that part of human knowledge. That essay
is followed by a headnote that summarizes the content of
the part, calls attention, where needed, to the relation of
that part to other parts, briefly indicates the content and
titles of the several divisions of the part, and gives the page
on which each division begins. A thorough examination of
the part as a whole will involve him in examining its sub-
ordinate divisions and sections.

If the reader exercises the second option and w1shes to
examine one division of a part, he will be aided by a head-
note that summarizes the content of the division he has se-
lected for examination, briefly indicates the content of the
sections in that division, and gives the page on which each
section begins. A thorough examination of the division as
a whole will involve him in examining its subordinate
sections.

If the reader exercises the third option and wants to con-
sider one or more sections within a division, he will be
aided by a headnote that summarizes the content of the
section or sections that he has selected for examination.
The section headnote is followed by an outline of the sub-
jécts covered in that section. A thorough examination of
the section will involve the reader in examining the sub]ects
it compnses as set forth in the outline.

The sectional outlines

The sectional outlines present, in an orderly arrangement
of topics, subjects that are treated in articles in the Macro-
pedia. The major subjects in each sectional outline are in-
dicated by capital letters (“A,” “B,” etc.). There are always
at least two major subjects, but there may be many more
in a given section. When it is necessary to subdivide a ma-
jor subject, up to three additional levels may appear in the
outline; the first is indicated by Arabic numerals; the sec-
ond by lower-case letters; and the third by Roman numer-
als, as shown below: '

A. The action of the hydrosphere and atmosphere on the Earth’s
- surface features

1. Weathering: the disintegration and alteration of rocks at or
near the Earth’s surface

a. Processes involved in weathering

i. Physical processes; e.g., freeze-thaw cycles, crystal-
growth pressures

Attached to each topical statement of a ‘particular subject
in the sectional outline are listed, in the three columns to
the right of the statement, the pages on which the reader
will find a treatment or treatments of that subject in the
Macropedia. The significance of these three kinds of refer-
ences is explained below.

Although the principal purpose of the sectional outlines is
to provide references to articles in the Macropedia wherein



this or that subject is treated, the structure of the outlines
sometimes requires the topical statement of subjects that do
not call for such references. These topics often serve as
cross-references to subjects to which references are at-
tached, in other parts of the given sectional outline or in
other sectional outlines. Still other topics that are not ac-
companied by references serve as headings for a set of re-
lated subjects grouped in subordination under them. Such
topics indicate what is common to the subordinate topics.
These, as well as other topics, are often followed by the
phrase with special attention to, which informs the reader
that the topics following do not necessarily exhaust the sub-
ject under consideration.

The references

The three columns aligned to the right of each topic in the
sectional outlines contain the volume and page numbers of
the Macropedia articles that, in whole or part, treat the
subjects stated in the topic, as illustrated at the bottom of
this page. Each of the three columns has a special reference
function.

The first column usually contains references to whole arti-
cles, the titles of which are given, as well as volume and
page references. In the case of articles whose scope covers
outline topics in two or more sections, divisions, or even
parts, the reference will be to the pages in the article rele-
vant to the topic at which the title is aligned.

The second column contains references to important arti-
cle sections, the references being given by the page location
at which the section cited begins and the page location at
which it ends.

The third column contains references to passages that are
smaller than article sections, the references being given in
the same way as in the case of column two. All references
to biographical and to geographical articles are listed in the
third column.

In the second and third columns, when two or more arti-
cle sections or two or more smaller passages are cited, the
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references are usually arranged in volume and page order;
and the distinct references are separated by a slash. How-
ever, when the title of an article has been listed in the first
column at a particular topic, references to portions of this
article at lower-level topics are listed before any other ref-
erences in the second column.

In the second and third columns, the page references indi-
cate the segment of the page at which the passage cited be-
gins and the segment of the page at which it ends. The seg-
ments that are signified by the letters a, b, c, and d, refer to
the top, upper-middle, lower-middle, and bottom portions,
respectively, of the left column of text on a page. The let-
ters e, f, g, and h, refer to the corresponding portions of the
right column of text.

a e
b f
c 9
d h

The word passim following a reference in the third column
indicates that the material in an article that is relevant to a
topic is diffused throughout the treatment of a broader
subject rather than being a concentrated treatment of the
topic.

Since the content of the biographical and geographical ar-
ticles that are included in the Macropedia does not in-
fluence the structure or content of the sectional outlines, the
titles of such articles are not listed in the first column. The
titles of all other articles appear at least once and sometimes
more than once in the first column of references attached
to the sectional outlines; however, the titles of biographical
and geographical articles are listed alphabetically at the end
of parts, divisions, or sections, when their content is rel-
evant to the subject matter covered in the part, division, or
section to which they are appended.

3. Kinship systems: their functions and types

articles article sections other references
KINSHIP 7:155b-156h/ 5:31f-h/6:1127e~g/
10:477-485 7:168g-172d 14:839d-f
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Introduction to Part One:
The universe of the physicist, the chemist,
and the astronomer

by Nigel Calder

“Give me matter and I will build a world from it.”- For 200
years since the philosopher Immanuel Kant uttered it, physi-
cists, chemists, and astronomers have striven to make good
that boast. That they can now tell an almost unbroken story
of events from the birth of the universe to the origin of
life on Earth is the result of many cumulative lifetimes spent
in careful observation and experiment. Yet even amid this
success in updating the first verses of Genesis, new ques-
tions nag. Why does familiar matter adopt the forms it

does? Are the laws of nature that are known to us enforced

throughout the vast, tumultuous universe? What unimagin-
able worlds of fire or blackness can nature conjure up, quite
different from our own?

When men presume to take the fire of the Sun and put it
experimentally in a bottle, they forfeit all hope of certainty
and repose. Yet the great quest for control over nature starts
gently enough. A child at play with building blocks or sand
or a rubber ball is a human mind engaged in discovering
how matter behaves. Experiments with the rubber ball, for
example, reveal laws of reflection. The child finds that the
ball will come back to him only if he projects it accurately
at a right angle to a flat surface (wall or floor); otherwise it
bounces away from him and another child may grab it and
interrupt the research program.

If all grown-up children had abandoned this kind of play
the human species would still believe that the Earth was at
the centre of the universe, that the planets were propelled
by angel-power, and that thunder was the voice of God. But
some adults retained the boundless inquisitiveness of the
young. Isaac Newton, not the most modest of discoverers,
likened himself to a child playing on the seashore. Critics
nowadays refer scathingly to the “expensive toys” of the
physicists who want many millions of dollars to build a par-
ticle accelerator. Not unfairly—a particle accelerator, for
all its awesome complexity and cost, is simply a modern way
of continuing the experiments with the rubber ball, to see
what happens when the ball is very small and travels almost
at the speed of light.

By strange paths, play leads to far-reaching results. After
the discovery that an electric current creates magnetism,
Michael Faraday made a note to look for electricity from
magnetism. He played repeatedly with magnets and wires
until, ten years later, he discovered electromagnetic induc-
tion. Today, giant turbogenerators confirm his discovery 60
times a second, as they feed electric power to our factories
and kitchens. In James Clerk Maxwell’s hands, Faraday’s
ever-changing electric currents transformed themselves into
mathematical equations predicting the existence of waves
that travelled at the speed of light—indeed were light and
invisible radiations of a similar kind, including radio waves.

Other researchers who were unwittingly taking atoms to

pieces came up with a beam of electrons, which inventors
turned into a magic pencil; today those waves and electrons
enable lesser men to preen themselves on television screens
in 260,000,000 homes.

In this latter part of the 20th century, a word-association
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test for “physicist” may very well evoke “bomb.” By coin-
cidence, investigators of the nature of matter and energy
stumbled upon a way of breaking open the storehouse of
energy in the nucleus of the atom, just as the human species
was entering a period of unprecedented warfare. The
swarms of nuclear-powered submarines that cruise with nu-
clear-tipped, city-killing missiles are a grim enough outcome
of the “game.” The fact remains that the heart of physics
itself is not directed to any such purpose, but is an open, co-
operative effort by scientists of all nations to understand the
material universe we live in.

We inhabit an electric world. It is true that gravity stops us
from falling headfirst into the abyss of space; true also that
the daylight that powers all life comes from the nuclear re- -
actor that we call the Sun. But of the great set of natural

- forces known to the physicist—gravitational, nuclear, and

electromagnetic—the last, electromagneusm, is the chief
governor of events on Earth.

It operates so discreetly, though, that when men started
rubbing amber on their sleeves and found it attracted dust,
or considered the seeming magic of the north-pointing lode-
stone, nothing suggested that these were more than curiosi-
ties. There was laughter when Benjamin Franklin said that
lightning was electric—until he proved it. Nothing sug-
gested that the colour, . quality, and chemical behaviour of
all familiar matter would be explained by research in elec-
tricity and magnetism. But that is in the nature of physics:
you ponder the falling of an apple and realize what holds
the planets in their courses; you look to 'see what happens
when you pass electric currents through a gas and, in due
course, you find out what holds a stone together and why
grass is green.

A series of discoveries in the late 19th and early 20th cen-
turies illuminated the hidden mechanisms of our electric
world like star shells on a dark night. Diligent work by
chemists had shown that all matter was composed of vast
numbers of atoms, different for each chemical element and
capable of combining in predictable ways to make mole-
cules and crystals. Indeed there was a remarkable pattern
in the so-called “periodic table”: when the chemical ele-
ments were listed by weight it turned out that elements 3,
11, and 19 . .. all bad similar properties; 4, 12, and 20 . ..
were also very much alike, and so on.

This pattern made sense only when the physicists discov-
ered the construction of atomic matter. An atom consists of
a heavy nucleus surrounded by a number of lightweight
electrons exactly neutralizing the electric charge on the nu-
cleus. The electrons group themselves around the nucleus in
“shells,” like the layers of an onion, each shell béing capable
of accommodating a definite number of electrons. The out-
ward face of the atom, its outermost shell of electrons, is
crucial in determining its chemical behaviour. The number
of electrons to be fitted in depends on the charge on the
nucleus. In some elements, the metals, there are only one or
two easily detachable electrons in the outermost shell. Other.
elements, the most reactive nonmetals, fall short by only one
or two electrons of a complete outermost shell. These “sur-
plus” and “missing” electrons create a supply-and-demand
situation in which atoms combine chemically by exchanging
or sharing electrons. The repetition of chemical properties
throughout the periodic table arises as one shell of electrons
is completed and the next one begins to fill. '

The mechanisms sketched in these last few sentences ac-
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count for almost all the chemical behaviour of all the mat-
ter on Earth. The electrical and magnetic behaviour of
materials also depends on the arrangements of electrons in
their atoms and, in some cases, on the combined effects
of many atoms packed together in a crystal. The strength
of the chemical bonds formed by electrons, and the related
forces between molecules, determine whether materials are
solids, liquids, or gases; and they help to fix the strength
and flexibility of solids, but in this case the explanations are

complicated by the invisible flaws that exist in all materials. -

The colour of materials is explicable by the “jumps,” from
one position to another in the vicinity of an atom, which
the rules allow an electron to make, as the atom, molecule,
or crystal absorbs or emits light of particular energy, or
colour. Make the same electrons in vast numbers of atoms
“jump” the same way simultaneously and you have a very
intense laser beam.

Light and its invisible counterparts—radio waves, infra-
red, ultraviolet, and X-rays—are the purest form of energy.
These “electromagnetic radiations” are created by the jerk-
ing of electrons, sometimes quite gently as in a radio an-
tenna and sometimes very fiercely as when a beam of fast-
moving electrons is suddenly halted by the target in an
X-ray tube. The normal “jumps” of electrons in atoms are
of intermediate intensity. All these radiant forms of energy
can travel through empty space, for example from the Sun
to the Earth.

But energy can readily change from one form to another.
Sunlight captured by green leaves is converted into the
chemical energy of plant-stuff. Coal is plant-stuff buried
millions of years ago when continents collided, and a boiler
can convert the chemical energy of coal into a scalding jet
of steam that turns the blades of a turbine—these are forms
of kinetic energy, the energy of directed movement. Using
Faraday’s trick, the turbine can generate electrical energy.
At the end of this chain of transformations, you can switch
on the electrical energy and reconvert it to light energy,
thereby enjoying the benefits of sunlight after the Sun has
set.

The vibrations of sound and the gravitational energy of
water about to cascade down a mountainside are other
forms of energy. Sooner or later, though, a shout dies away,
water comes to rest, the light from your electric bulb is
absorbed in the wallpaper. Where has the energy gone? It
has been taken up in those random motions of atoms and
molecules that we call heat. All energy degrades to mean-
ingless heat eventually.

Unless there were continuous supplies of new energy,
life and indeed all interesting activity in the universe would
quickly cease. For example, your brain is kept going, as
you read these words, by food—chemical energy produced
by sunlight falling on the Earth just in the past few months.
Those new supplies of energy come from the transforma-
tion of matter into energy.

The Sun is a very ordinary star, lying in the suburbs of
a galaxy consisting of about 100,000,000,000 stars; we see
the rather flat cross section of the galaxy as the Milky Way,

a brushstroke of light across the night sky. There is nothing

special, even, about our Galaxy; it is just one of vast num-
bers of galaxies scattered like ships in a great ocean of space.

The universe is a battleground between gravity and nu-
clear forces. To make a star, gravity sweeps together a mass
of hydrogen gas; it becomes hot and nuclear reactions begin.

The nuclei of hydrogen atoms combine together to make
heavier elements almost, but not quite, as heavy as the sum
of the hydrogen nuclei that went into them. The little bit of
matter that is lost is converted into a relatively immense
amount of energy. It would blow the star apart but for the
strenuous restraint of gravity. A balance is struck and the
size and brightness of a star depends on its mass and on
how much of its nuclear fuel has been burned. Fortu-
nately, our star, the Sun, is a slow-burner; nevertheless, in-
exorable physical changes billions of years from now will
make the Sun grow to fill the whole of our sky and swallow
the Earth.

In a star more massive than the Sun, this “burning” of
nuclear fuel proceeds faster and culminates in a vast explo-
sion called a supernova. In the explosion, nuclear reactions
proceed apace and make all the different chemical elements.
The diverse atoms, heavier than hydrogen, of which our own
bodies are constructed, were made in stars that exploded
before the Sun was formed. Some of the heavy material was
left swirling around the newborn Sun and made the Earth.
Radioactive energy stored in some of the elements provided
an internal source of heat for the Earth that accounts for
volcanoes, earthquakes, and the slow movements of con-
tinents. Sunlight stirred the materials on the surface of the
Earth into chemical activity. Eventually this activity became
organized in peculiar ways, and life began.

So far, so good. But there are new mysteries that are “out
of this world,” in the sense that matter and energy are in-
volved in events far more violent than anything normally
encountered on Earth or even in the Sun: The paramount
questions with which physicists are now wrestling can be
paraphrased as follows: Why is hydrogen the raw material
of the universe? Experiments with the nucleus of the hydro-
gen atom—the proton—are undertaken in the big accelera-
tors that transform the stuff of the atomic nucleus into
bizarre, short-lived particles. These particles have proper-
ties, similar to electric charge, called the hypercharge and
the baryon number. For example, the proton itself has, be-
sides an electric charge of +1, a hypercharge of +1 and
a baryon number of 1. However the particles may trans-
form themselves in violent interactions, the totals of charge,
hypercharge, and baryon number do not change.

Attempting to find out why this partial order remains amid
the confused varieties of nuclear matter, theorists are led
to the idea that the particles we see consist of combinations
of other, quite different particles that they have named
quarks. An early success of this theory was the prediction
of the existence of a new combination, a particle called the
omega minus that eventually turned up in 1964 during an
experiment with the big machine at the Brookhaven Na-
tional Laboratory, Long Island, N.Y. The quarks themselves
have not been discovered at the time of writing.

The next big leap in understanding may well come when the
theory of how small pieces of matter behave is blended with
the theory of gravity, which at present concerns the huge
pieces of matter that make up our universe of galaxies, stars,
and planets. With such a “unified” theory physicists may at
last be able to answer that question about the raw material
of the universe—why hydrogen? At the same time we shall
perhaps come to understand why matter was formed in the
“big bang” with which (as many astronomers now suppose)
the universe came into existence some 10,000,000,000 years
ago; why the “big bang” was not merely a “big flash.”



Even so fundamental an advance would not exhaust the
opportunity for fresh discovery in the physical sciences. An-
other set of pregnant problems results from very strange
objects recently discovered in the sky, namely “hot” galaxies,
quasars and pulsars. The quasars, in particular, are compact
objects of such extraordinary energy that existing laws of
physics seem scarcely able to account for them. The pulsars,
which flash many times a minute, are also very odd, but less
baffling. They are evidently remnants of exploded stars that
* have collapsed to the enormous density of the material of
the atomic nucleus. If an ocean liner were compressed to
the density of a pulsar it would be no bigger than a grain of
sand.

The evidence of the pulsars .encourages a further idea—

one of the strangest in the whole history of man’s study of -

matter and energy. In a pulsar, nuclear forces prevent col-
lapse to even greater densities. But if the collapsed star were
even more massive, gravity would be stronger and it would
overwhelm even the nuclear forces. Then there would be
nothing to stop the process until the whole star had collapsed
to smaller than a peanut. Through the intense gravitational
field thus set up no light could escape and the star would in
effect disappear from the universe. Only its gravity would
remain, like the grin of the Cheshire Cat in Alice in Wonder-
land, and if a space traveller ran into one of these “black
holes” he too would be drawn to the same invisible kernel,
there to disappear forever—or at least until the laws of
physics change.

The possibility that such black holes exist holds out a hope
of explaining the quasars as objects of this kind from which
material somehow “bounces” out. But that is only a little
comfort, when scientists have now to reexamine the theory
of gravity which they thought Einstein had cleared up 60
years ago, and to work out the implications of a universe
peppered with black holes where the familiar laws of nature
are unlikely to apply. There is even the uncomfortable sug-
gestion that our whole universe may be just a big black hole
in someone else’s universe! Physics, the master science, can-
not evade these new battles of the mind.
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The outlines, and the articles and parts of articles referred to, in the
thirteen sections of Part One are concerned with the work of all the physical
sciences. The subject matter of the several Earth sciences is dealt with
in Part Two, and that of the biological sciences is treated in Parts Three and
Four.

Three further points should be noted about the scope of Part One and its
relations to other parts.

The sciences of physics, chemistry, and astronomy have themselves been the
object of historical and analytical studies regarding their nature, scope, meth-
ods, and interrelations. Part Ten, on the branches of knowledge, is concerned
with such studies of the intellectual disciplines. The outline and the articles
referred to in Section 10/32 of Part Ten deal with the sciences of physics,
chemistry, and astronomy and treat their history, their nature and scope, and
their principal problems and interrelations.

The design and operation of observational and experimental instruments are
important in the development of the physical sciences. The treatment of scien-
tific instrumentation is placed in Section 723 of Part Seven, on technology.

Accounts of the several kinds of mathematics used in observation and experi-
ments, and in the derivation and application of physical theories, are set forth
in Division II of Part Ten.

The three increasingly complementary physical sciences of physics, chemis-
try, and astronomy strive for knowledge and for organizing theories about
matter in all its dimensions, from subatomic particles to the cosmos, about all
the states of matter, all the forms of energy, and all the interrelations of
matter and energy.

The outlines and the articles referred to in the two sections of Division I deal
with modern advances in subatomic and atomic physics.

The outlines and the articles referred to in the eight sections of Division II
treat chemical elements; chemical compounds; chemical reactions; heat,
thermodynamics, and the nonsolid states of matter; the solid state of matter;
the mechanics of particles, rigid bodies, and deformable bodies; electricity and
magnetism; and waves and wave motion—both in general and with regard to
particular waves, such as light waves and sound waves.

The outlines and the articles referred to in the three sections of Division III
treat the cosmos; galaxies and stars; and the solar system.

Division I. Atoms: atomic nuclei and elementary particles 20
II. Energy, radiation, and the states and transformation of matter 29
III. The universe: galaxies, stars, the solar system 63

Division I. Atoms: atomic nuclei and elementary particles

The outlines, and the articles and parts of articles referred Section 111. The atomic nucleus; elementary particles
to, in the two sections of Division I deal with modern ad- 112. The structure and properties of atoms

vances in subatomic and atomic physics.

The outline and the articles referred to in Section 111 treat
the experimental evidence for and the theories about the
atomic nucleus and the many kinds of elementary particles.
The section treats the components, structure, and general
properties of atomic nuclei, and such nuclear phenomena as
radioactivity, nuclear fission, nuclear fusion, and the effects
of the passage of radiation through matter.

The outline and the articles referred to in Section 112 deal
with modern theories of the structure and properties of
atoms. The section first deals with scientific evidence for the
existence and the nature of the atoms of matter, with models
of atomic structure, and with the wave-mechanical theory
of the electronic structure of the atom. It further treats
atomic weights, atomic spectra, X-rays and atomic structure,
the concept of antimatter, and the fundamental physical
constants.
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Section 111. The atomic nucleus; elementary particles

[for Part One headnote see page 20
for Division I headnote see page 20]

The articles and parts of articles referred to in Section 111 deal
with nine main subjects: A, the structure of the atomic nucleus
and general nuclear phenomena; B, isotopes; C, radioactive
nuclei; D, the neutron; E, nuclear reactions; F, nuclear fission;
G, nuclear fusion; H, subatomic particles; and I, the effects of
radiation on matter.

The outline of subject A begins with the general properties
and the components of all atomic nuclei. It then covers the re-
lationships between nuclear masses and nuclear binding ener-
gies; the properties of nuclear states; the theories of nuclear
structure and binding force; and general nuclear phenomena
and reactions. At the end, it treats the formation and evolution
of the atomic nuclei in the universe.

Subject B is isotopes, an isotope being one of two or more
atomic species of the same chemical element that have differ-
ent atomic weights., The outline first deals with the classifica-
tion of isotopes, the isotopic composition of the elements, and
their formation by nuclear reactions. It then treats the effects
of isotopic substitution on the physical and chemical properties
of substances and the chemical and physical separation of iso-
topes by mass spectrometry and other methods. Finally, it deals
with those applications of radioactive and stable isotopes in medi-
cine, physics, chemistry, and geology that are treated in Part
Seven.

The outline of subject C begins with the nature of radioactive
emissions, the types of radioactivity, and the natural and arti-
ficial sources of radioactivity. Dealing with the energetics and
kinetics of radioactivity, it covers energy release associated
with radioactive decay; the nuclear models used to explain the
behaviour of nuclear binding; and the rates of radioactive
transitions.

The outline of subject D, the neutron, begins with the prop-
erties of neutrons and their role as components of the atomic
nucleus. It next deals with the sources of neutrons and with
their manipulation and control. Finally, it treats the nuclear re-
actions produced by neutrons and the methods and apparatus
used for neutron detection.

The outline of subject E begins with the classification of nu-
clear reactions—first according to the kind of bombarding radi-
ation or particles, and then according to nuclear processes in-

A. The structure of the atomic nucleus, and general nuclear
phenomena

1. General properties of atomic nuclei

a. Mass

. Charge: atomic number
. Radius
. Spin

o o o o

. Magnetic moment: nuclear magnetic resonance
phenomena
f. Electric quadrupole moment
2. Components of atomic nuclei
a. Neutrons
[see D., below]
b. Protons

¢. Other possible short- and long-lived components

3. Isotopes: atomic species with the same atomic number
but with different atomic masses )
[see B., below]

4. Systematic relationships between nuclear masses and
nuclear binding energies: mass defect
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volved or according to their products. It next treats the energy
relationships of nuclear reactions and the theories and models
of nuclear reactions.

Subject F is the splitting of atomic nuclei by nuclear fission.
The outline deals first with the general phenomena of nuclear
fission, covering the spontaneous and induced fission reactions,
the products of nuclear fission, and the energy released in fis-
sion. It next deals with fission chain reactions and their con-
trol. Finally, it treats the different models used in theories of
nuclear fission.

Subject G is nuclear fusion. The outline begins with the gen-
eral phenomena of fusion, the process in which two or more
atomic nuclei combine to form a heavier atomic nucleus. It
deals next with fusion reactions, covering their general types
and energy yield and their occurrence in the Sun, stars, and hy-
drogen bombs. Finally, it treats the basic conditions required
for the operation of a thermonuclear reactor and the possible
approaches to controlled fusion.

Subject H is subatomic, or elementary, particles, the funda-
mental units of matter and energy. The outline begins with the
development of the concept of subatomic particles and the dis-
covery of their several kinds. It goes on to the four basic
forces associated with particle interactions, to the various sys-
tems for classifying the elementary particles, and to the rela-
tion of the particles to conservation laws and symmetry. The
outline further treats the sources of the unstable elementary
particles; the relations of weak interactions to strong and elec-
tromagnetic interactions; the existence of undiscovered particles
suggested by contemporary theoretical ideas; the reactions of
elementary particles with atoms; and theories of nuclear struc-
ture and forces that involve the elementary particles.

The outline of subject I, the effects of radiation on matter, be-
gins with the fundamental processes involved when energetic
particles interact with or pass through matter. It then deals with
the secondary and tertiary physical, chemical, and biological ef-
fects of radiation. It goes on to the significance of radiation-
induced changes in fundamental biological processes and in vari-
ous technological fields. Finally, the outline treats the use of the
fundamental processes of energy transfer for the detection and
characterization of nuclear and elementary processes themselves.
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B.

S.

6.

7.

8.

Nuclear models and the properties of nuclear states: the
(jj)-coupling shell model, the collectively deformed
model, the liquid drop model

Theories of nuclear structure and nuclear binding force

General nuclear phenomena and reactions

a. Radioactivity
[see C., below]

b. Interactions with other nuclear particles
[see E., below]

c. Interactions with electromagnetic radiation

The formation and evolution of the atomic nuclei in the
universe: nucleosynthesis in stars, novae, supernovae

Isotopes: atomic species with the same atomic number
but with different atomic masses

1.

2.

Classification of isotopes or nuclides

Isotopic composition of the elements

. Formation of isotopes by nuclear reactions

[see E., below]

. Effects of isotopic substitution on physical and chemical

properties of substances

. Chemical and physical separation of isotopes

a. Mass spectrometry

b. Other methods of separation; e.g., diffusion,
centrifugal separation, thermal diffusion

. Applications of radioactive and stable isotopes

[see 723.G.8.] .

Radioactive nuclei: their properties and their radiations

1.

The phenomenon of radioactivity whereby the nucleus
undergoes a spontaneous transition or transformation
with a resulting emission of energy and subatomic particles

. Types of radioactivity characterized by the nature of

nuclear radiation emitted by the parent nucleus: alpha
decay, beta minus decay, beta plus decay, gamma decay,
isomeric transitions, electron capture, spontaneous fission

. Sources of radioactivity

a. Naturally occurring radioactive elements

b. Particle bombardment: fission, bombardment with
high-energy electromagnetic radiation

.- Interaction of radiation with matter

[see 1., below]

. The energy release associated with radioactive decay

. Nuclear models used to explain nuclear binding
~a. The liquid drop model

b. The shell model
c. The unified model
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7. Rates of radioactive transitions

8.

a. Exponential decay law
b. Alpha decay
c. Beta decay

i. Neutrino production

ii. The nonconservation of parity in beta decay
and other weak interactions

d. Gamma transition

Applications of radioactivity
[see 723.G.8.]

9. Measurement and characterization of radioactivity

[see 1.4., below]

D. The neutron as a component of the nucleus, and in nuclear
reactions

1.

Properties of neutrons; e.g., charge, mass, spin, magnetic
moment, wave properties

. The neutron as a component of the nucleus
. Sources of neutrons; e.g., reactions initiated by charged

particles, by gamma radiation, and by fission

. Manipulation and control of neutrons: moderation,

diffusion, absorption, velocity selection

. Nuclear reactions produced by neutrons

a. Elastic scattering
[see E.1.b.i., below]

b. Neutron absorption or capture: nuclear cross sections
c. Emission of neutrons and charged particles

. Neutron detection based on the secondary effects of

nuclear reactions

E. Reactions of atomic nuclei

1. The classification of nuclear reactions

a. The types of nuclear reactions classified according to the
kind of bombarding radiation or particles

i. Photons of electromagnetic radiation: X-rays,
gamma rays

ii. Fast electrons

iii. Simple nuclear particles; e.g., neutrons, protons,
mesons .

iv. Heavier nuclear particles; e.g., deuterons, alpha
particles, neon ions

b. The types of nuclear reactions classified according to the
nuclear processes involved or according to their products

i. Elastic scattering

ii. Inelastic scattering: the Compton effect
iii. Capture to form a radioactive nucleus
iv. Nuclear fission

[see F., below]

v. Nuclear fusion
[see G., below]

vi. Spallation

vii. Radioactive decay
[see C.2., above]

2. The energy relationships of nuclear reactions

3. Theories and models of nuclear reactions
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F. The splitting of atomic nuclei by nuclear fission

1. Phenomena of nuclear fission
a. Spontaneous and induced fission reactions

b. Products of nuclear fission
i. Fission fragments: radioactive decay chains
ii. Prompt and delayed neutrons
iii. Radiation: X-rays and gamma rays
[see E.1.a.i., above ]
c. The energy released in fission
2. Fission chain reactions: the critical mass
a. Nuclear explosions: nuclear, or atomic, bombs

b. Controlled nuclear fission
3. Nuclear models and theories of nuclear fission

a. Liquid drop model
b. Adiabatic models
c. Statistical models

G. The fusion of atomic nuclei

1. Phenomena of nuclear fusion
2. Nuclear fusion reactions
a. General types of fusion reactions
b. The energy released in fusion reactions
c. Requirements for intensive fusion reactions
3. Occurrence of thermonuclear reactions
a. Thermonuclear reactions in the Sun and the stars

b. Thermonuclear explosions: the hydrogen, or
thermonuclear, bomb

4. Basic conditions required for a thermonuclear reactor
a. The formation of a suitable plasma
b. The confinement and control of high-temperature plasma

5. The possible approaches to controlled fusion: progress and
prospects for the future

H. Subatomic, or elementary, particles

1. Development of the concept of subatomic particles as the
fundamental units of matter and energy

a. The discovery of the various particles
b. Yukawa mesons and the theory of nuclear forces

c. Advances in quantum field theory: renormalization
theory; dispersion theory

d. The known elementary particles
i. The electron

ii. The positron
iii. The proton

iv. The neutron
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13:302f-304f

13:302f-303b/
15:437h-438b
13:303c-3044d

13:303c-304a

13:304a—d/
12:1073g

13:304d-f

13:343e-g
18:681d-e

13:304g-305f
13:305a—c

13:305d-f

13:301h-302a /

13:324e-326g passim

13:305-307a/
18:681f-h
13:305-306b

13:306b—d
13:306d-g

18:681f

NUCLEAR
FUSION
13:307-313

13:307b-d

13:307d-309¢
13:307d-f
13:307f—¢g
13:308g-30%

13:309e-310f

13:309e-310c/
4:120g-121g/
17:598f-600a

13:310c-f/
13:326g-327¢c

3:848f-g/4:119a—/

17:807h-808b

13:310g-312d
13:310g-311e
13:311f-312d

14:508d-f

13:312d-313h

6:623b—

PARTICLES,
SUBATOMIC
13:1022-1035

ELECTRON
6:665-672

13:1022e-1026¢

2:335¢c—<¢/
5:206f-207a

13:1023g-1025a/
5:35e-36b/
12:1072cd

13:1025a-1026¢/
14:420f-422a

5:34e-35¢/
11:703c-h

6:550e-551e

6:668a—

5:77f-g/
13:337c-f

13:337c-g

11:703e-g/12:1071c—</
13:334e-335a/13:1023b-d

6:656d-657c passim

11:317f-g /12:870a-b/

15:399e-h

11:305b—c/11:320a—/
11:795h-796a [12:306h-307a

11:703e-f

12:1070f-1076d passim



Division I. Section 111

25

articles article sections other references
v. The photon 6:653a-655d/ 6:645d-¢ /15:392¢~-h
10:947a-948b
vi. The meson 13:1023g-1025a  13:343b—c
vii. The other elementary particles 13:1027c-h 11:704c-e
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them: particles acted upon by strong interactions, called
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follow: fermions, which follow the Fermi-Dirac statistics, 6:668h—669b / 11:163f-h /13:337f—g
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some properties and opposite in other properties; e.g.,
electron and positron
d. The classification according to stability: highly unstable, 13:1030b—
metastable, and stable particles
e. The classification according to charge multiplets 13:1030d-1031a  5:38b-d
f. The classification according to unitary symmetry, or the 5:38d-g
SU(3) classification
g. The classification according to charged-hypercharge 13:1031a-1032e = 5:38g-39a
multiplets, derived from the hypothetical quarks
4. Elementary particles and the conservation laws and CONSERVATION  13:1027h-1030b
symmetry LAWS AND
SYMMETRY
5:33-39

10.

a. The theory of subatomic particles and the quantum
mechanical symmetry operations

b. Dynamic symmetries: space and time inversion

c. Violation of conservation laws: charge conjugation,
time-reversal, parity

d. Internal symmetries

i. Properties that always obey the conservation laws:
lepton number and baryon number, electric charge,
momentum, energy

ii. Properties that do not always obey the conservation
laws: strangeness, isospin symmetry, SU(3), and
higher symmetries

5:34e-36e

5:36e-37a
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11:704f-705¢
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5:37e-h/
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. Sources of the unstable elementary particles

a. Formation of resonances in high-energy accelerators
b. Production by cosmic ray interactions

11:704e—f
13:1032f-1033g
5:206f-207a

1:23d-31h passim
9:794g-h /15:381h-382b

. Relations of the weak interactions to strong and

electromagnetic interactions described by conserved current
and algebra of current

13:1033g-1035a

[see L.4., below]

. As yet undiscovered particles suggested by contemporary 13:1035b-g
theoretical ideas
. Reactions of elementary particles with atoms 5:208d-f/ 1:30e-g /14:297f-g
15:406d—409a
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1. Effects of the passage of nuclear, or elementary, particles,
nuclear radiations, or ionizing radiation through matter

1. The fundamental processes involved when energetic particles

or radiations interact with or pass through matter

a. The passage of electromagnetic waves and their
interaction with atomic structure

i. Resonance
ii. Einstein’s relations: absorption and emission
iii. The Compton effect

iv. The photoelectric effect

v. Pair prodtiction
b. The passage of particles or radiations through matter

i. Of heavy charged particles
ii. Of electrons

iii. Of neutrons

2. Secondary and tertiary effects of radiation

a. Physical effects: structural changes in the crystal—e.g.,
expansion and distortion; changes in mechanical

properties—e.g., strain; changes in transport properties—

e.g., heating effects

b. Molecular activation and related phenomena; e.g.,
ionization, luminescence, fluorescence, excitation

c. Chemical effects: the photochemical process and
radiation chemical reactions

d. Biological effects: effects in plant and animal metabolic
and physiological processes

3. Utilization of high-energy radiation in biological, medical,

and technological fields

4. The use of fundamental processes of interaction between

radiation and matter for the detection and characterization
of nuclear and elementary processes

a. Mechanisms of detection systems

i. Ionization and charge collection: Geiger counters,
spark chambers, cloud and bubble chambers

ii. Conversion of the distributed energy of the primary
ionizing particle into light: scintillation detectors,
photographic films and emulsions

b. Properties of ionization media: the mean free path,
energy, velocity, and motion of electrons in gases; the
conduction of electrons in solids

c. Major types of radiation detectors: scintillation
counters, ionization detectors, spark chambers, cloud
chambers, and bubble chambers
[see 723.F.7.]

d. Applications of radiation detectors in science,

technology, and industry
[see 723.G.8.]
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Section 112, The structure and properties of atoms
[for Part One headnote see page 20

for Division I headnote see page 20]

The articles and parts of articles referred to in Section 112 deal
with six main subjects: A, the atomic nature of matter; B,
atomic weights; C, atomic spectra and the electronic structure
of the atom; D, X-rays and atomic structure; E, the concept of
antimatter; and'F, the fundamental physical constants.

The outline of subject A first deals generally with the nature
of the atom as consisting of the nucleus, a tiny but massive
core, surrounded by electrons, the arrangement and behaviour
of which determine atomic interactions. After dealing with
early speculations about the atomic nature of matter, the out-
line treats the modern scientific evidence for the existence and
nature of atoms. It then treats developments in atomic theory,
covering the Rutherford nuclear model, the Bohr—Sommerfeld
atomic model, and the contemporary wave-mechanical theory
" of the electronic structure of the atom.

The outline of subject B treats the variations in atomic weight
as a result of variations in isotopic composition; the signifi-
cance of atomic weights in chemical analysis and chemical
technology; the atomic weight scales; and the chemical and
physical methods for determining atomic weights.

Subject C is atomic spectra and the electronic structures of
the atom. After dealing with the significance and interpretation
of atomic spectra, the outline treats various theories of the

A. The atomic nature of matter

1. The general nature of the atom as consisting of the nucleus,
a tiny massive core, surrounded by electrons, the
arrangement and behaviour of which determine atomic
interactions

2. Early philosophical speculations on the possible atomic
nature of matter

3. The scientific evidence for the existence and the nature of
the atoms of matter

a. Developments in chemistry: Dalton’s theory; the law of
combining volumes of gases; the law of multiple
proportions; Avogadro’s hypothesis; the periodic law

b. The development of spectroscopy and the discovery of
atomic spectra

c. The discovery of the electron as a particle and as a
component of all matter

d. The discovery of X-rays

e. The discovery of the radioactive transformation of one
element into another

f. The Brownian movement of suspended particles

g. The development of mass spectrometry

h. The development of scattering and resonance studies
with atomic and molecular beams

4. Models of atomic structure

~ a. The Rutherford nuclear model of the atom, based on the
alpha-scattering phenomena

b. The Bohr-Sommerfeld atomic model, based on the
conception of energy levels and quantization

c. The contemporary wave-mechanical theory of the
electronic structure of the atom based on the
contributions of Heisenberg, Schrodinger, de Broglie,
Pauli, Dirac, Lamb, and others

B. Atomic weights
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origin of atomic spectra in quantized electronic transitions.

The outline of subject D covers general X-ray phenomena; the
theory of X-rays and their spectra; the detection and measure-
ment of X-rays; their applications in biological, medical, in-
dustrial, and scientific fields; and the diffraction of X-rays by
crystals. .

Subject E is antimatter, comprising elementary particles that
have the mass and charge of electrons, protons, or neutrons—
their counterparts in ordinary matter—but for which the charge
is opposite in sign. The outline deals first with the general prop-
erties of antimatter and with the production of antiparticles
in high-energy collisions. It next treats the invariance of the
laws of physics under charge conjugation—an operation in rela-

- tivistic quantum mechanics that transforms every particle into its

antiparticle. Finally, it deals with speculations about the possible
existence and role of antimatter in the universe.

Subject F is the fundamental physical constants. The outline
covers early measurements of such quantities as the velocity of
light and the Newtonian gravitational constant; such modern
measurements as that of the gyromagnetic ratio and the mo-
ment of the proton; the interrelationships among the constants;
and the ways leading to official adoption of values for funda-
mental constants.
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1. Variations in atomic weight as a result of variations in
isotopic composition

2. Significance of atomic weights in chemistry
3. Atomic weight scales
4. Methods used for determining atomic weights

a. Chemical methods based on combining weights of
elements

b. Physical methods; e.g., mass spectrometry, gas density
ratios, X-ray diffraction

. Atomic spectra and the electronic structures of the atom
1. Atomic spectra: their significance and interpretation
a. The spectrum of the hydrogen atom

b. The emission spectra of singly and multiply ionized
atoms

¢. Atomic absorption spectra: Fraunhofer dark lines in the
visible part of the solar spectrum

d. The effects of magnetic fields (Zeeman effect) and
the effects of electric fields (Stark effect) on atomic
spectra

e. Intensities, isotope shifts, and fine and hyperfine
structures of atomic spectral lines as related to atomic
structure

2. Theories of the origin of atomic spectra in quantized
electronic transitions

a. The classical Bohr theory

b. Wave-mechanical interpretations: transition matrix
elements, wave functions, charge densities, spin-orbit
interactions, the Lamb shift

. X-rays and atomic structure

1. General X-ray phenomena: production of X-rays in
evacuated tubes by high-tension sources, production of
secondary radiation, absorption and transmission of X-rays
through matter, wave and particle nature of X-rays,
continuous and characteristic X-rays

2. The theory of X-rays and their spectra

a. The structure of the atom as related to the emission of
characteristic X-rays, absorption edges, fluorescence
yield, mesic atoms

b. Continuous X-rays and bremsstrahlung; i.e., the
radiation produced by the sudden retardation of
a fast-moving charged particle in an intense
electrical field

3. Detection and measurement qf X-rays

4. Applications of X-rays in biological, medical, industrial,
and scientific fields
[see 423.B.3.c. and 723.G.8.b.]

5. Diffraction of X-rays by crystals
[see 125.A.2.]

E. The concept of antimatter

1. General properties of antimatter
2. Production of antiparticles in high-energy collisions

3. Invariance of the laws of physics under charge conjugation,
an operation in relativistic mechanics that transforms every
particle into its antiparticle

4. Speculations about the possible existence and role of
antimatter in the universe
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‘ articles article sections other references
F. The fundamental physical constants: dimensional and CONSTANTS,
dimensionless constants PHYSICAL
5:75-84
1. Early measurements; e.g., of the velocity of light, of the 5:76c-77¢/ 6:550f-h /6:646e—f
ratio of electron charge to mass, of the ratio of Planck’s 6:665g-666d /
constant to electron charge, of the Newtonian gravitational 8:292g-294f /
constant 10:934a-935¢
2. Modern measurements; e.g., of the gyromagnetic ratio and 5:77e-78b 12:306h-307a /13:1025b-d
moment of the proton, of the free electron g factor, of the )
fine structure of atomic hydrogen
3. New determination of 2e /h; interrelationships among the 5:78e-79d
constants
4. Standards of measurement: conversion factors, adjustment 5:79¢-84b/ 6:657e—g /12:318d-g
of constants, recommended set of fundamental constants, 11:314f-315¢/
official adoption of values for fundamental constants 14:292d-g
Biographical articles in the Macropzdia
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Division II. Energy, radiation, and the states and

transformation of matter

[for Part One headnote see page 20]

Division I dealt with modern advances in subatomic and Section 121. Chemical elements: periodic variation in their

atomic physics. properties 30

The outlines, and the articles and parts of articles referred 122. Chemical compounds: molecular structure and

to, in the first three sections of Division II treat, respectively, chemical bonding 36
chemical elements, chemical compounds, and chemical re- * 123, Chemical reactions " ) 41
actions. The last five sections of this division are concerned 124. I;.eg;,:tt;?m(’dynamws’ and the nonsolid states 45
with heat, thermodynamics, and the nonsolid states of mat- 125. The solid state of matter ; 49

ter; with the solid state of matter; with the mechanics of

i ; i N 126. Mechanics of particles, rigid bodies, and
particles, rigid bodies, and deformable bodies; with elec- > e

deformable bodies: elasticity, vibrations, and

tricity and magnetism; and with waves and wave motion. flow 52
The outline and the articles referred to in Section 121 first 127. Electricity and magnetism 55
treat the periodic law of the elements and then give separate 128. Waves and wave motion 59

treatment to each of the groups of the chemical elements
in the long form of the periodic table. The outline then deals
with other ways of classifying the elements and with the
occurrence and abundance of the elements in nature.

Section 122 first deals with the development of the theory
of molecular structure and of the theory of chemical bond-
ing. After dealing with classifications of chemical com-
pounds, the section treats the inorganic chemical com-
pounds and the major groups of organic compounds.

Section 123 is concerned with theories and classifications
of chemical reactions; with the energy changes in chemical
reactions; with the rates of chemical reactions; with the
mechanisms of chemical reactions; with such major types as
acid-base, oxidation—reduction, and photochemical reac-
tions; and with the principles of chemical synthesis.

Section 124 first deals with the principles of thermody-
namics and the nature of heat. After dealing with the
gaseous state and the liquid state of matter, the section
treats solutions and solubility; physical effects at surfaces;
the plasma state of matter; the properties of matter at ex-
treme conditions; and transport phenomena.
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Section 125, dealing with the solid state of matter, first sets
forth descriptive studies of modern crystallography and the
general theory of the crystalline solid state. It goes on to
deal with ionic crystals and with metals. Finally, it treats
semiconductors and insulators and the glassy or amorphous
state of matter characteristic of noncrystalline solids.

Section 126 is concerned with the mechanics of particles,
rigid bodies, and deformable bodies. It first deals with the
principles of classical mechanics and with relativistic me-
chanics in inertial systems of reference. The section further
treats the stress dynamics of elastic materials; vibrations of
elastic bodies; fluid mechanics, including gas dynamics; and
rheological phenomena of deformation and flow.

Section 127 is concerned with electricity and magnetism.
The section first treats the static electric charge and moving
charges and electric currents. It goes on to deal with the phe-
nomena and theories of magnetism. After treating the theory
of fields in physics, it deals with the electromagnetic field
and the theory of electromagnetic radiation and with rela-
tivistic electrodynamics.

Section 128 first deals with general wave phenomena and
the theory of wave motion. It then treats electromagnetic
waves, including separate coverage of light waves; the fo-
cussing and imaging of waves; and sound waves.

Section 121. Chemical elements: periodic variation in their
properties
[for Part One headnote see page 20

for Division II headnote see page 29]

The articles and parts of articles referred to in Section 121 deal
with the chemical elements—the substances that cannot be de-
composed into simpler substances by ordinary chemical proc-
esses. They treat four main subjects: A, the periodic law of the
elements; B, the groups of elements in the long form of the
periodic table; C, other classifications of the elements; and D,
the occurrence and abundance of the elements in nature.

The outline of subject A begins with the discovery in the mid-
19th century of the fact that the chemical elements show a
periodic recurrence of properties when they are arranged in an
order approximating that of increasing atomic weight. It goes
on to the 20th-century discovery that the order of the elements
in the periodic system is that of their atomic numbers—the in-
tegers characteristic of the elements that are equal to the posi-
tive electrical charges of the atomic nuclei expressed in elec-
tronic units. The outline next deals with the early and the cur-
rent tabular arrangements based on the periodic law, which
brings elements with similar properties into juxtaposition. Fi-
nally, it treats developments in modern atomic physics and in

A. The periodic law of the elements: the systematic classification
of the elements on the basis of their chemical and physical
properties and atomic structures

1. Historical development of the periodic law: the grouping of
the elements in the order of their atomic weights; in the
order of their atomic numbers

2. The arrangement of the elements in various forms of the
periodic table; the usefulness of the long form of the table

3. The relationship of the electronic structure and
configuration of the atoms to the periodic table

4. Periodicity in properties of the elements: the metals, the
semimetals, the nonmetals, the transition elements, the
transuranium elements

the theory of quantum mechanics that yield an understanding
of the electronic structure of atoms and an explanation of the
periodic law in such terms.

The outline of subject B first involves separate treatments of
each of the groups of chemical elements in the long form of
the periodic table: hydrogen, the alkali metals, the alkaline-
earth metals, the boron group elements, the carbon group, the
nitrogen group, the oxygen group, the halogen elements, the
noble gases, the zinc group, the transition elements, the rare-
earth elements, and the actinide elements.

The outline of subject C deals with other classifications of the
elements or groups of them, such as their division into metals,
semimetals, and nonmetals, stable and radioactive elements, or
native and combined elements. It then deals with the man-
made elements called transuranium elements.

The outline of subject D treats estimates, obtained primarily
from spectroscopic evidence and from chemical analysis of me-
teorites and terrestrial matter, of the relative abundance of the
elements.

articles article sections other references
PERIODIC LAW 4:116c-h
14:75-81
14:75¢-77b 2:334a— /11:900c—¢
14:770-79¢/ 4:85d-g/15:515a—c/
4:173c-f 18:600g-h
14:79d-80a / 1:64g-65c [3:44e—£/8:561d-g/
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1:65h-67a/
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13:122d-124f/
13:138h-139¢g



5. Extension of the periodic table: possible existence of
superheavy elements

B. The groups of the chemical elements in the long form of the
periodic table: their occurrence, history, physical and
chemical properties, principal compounds, production, and
uses

1. Hydrogen: its forms, isotopes, and compounds

a. Orthohydrogen and parahydrogen

b. Hydrides; e.g., metal hydrides, volatile hydrides, boron
hydrides )

c. Acids

d. Deuterium and tritium

e. Water: its structure, forms, and physical and chemical
properties

2. The alkali metals, or the Group Ia elements of the periodic
table

a. Comparative chemistry of the alkali metals
b. Individual alkali metals

i. Lithium

ii. Sodium

iii. Potassium

iv. Rubidium

v. Cesium

vi. Francium

3. The alkaline-earth metals, or the Group IIa elements of the
periodic table

a. Comparative chemistry of the alkaline-earth metals
b. Individual alkaline-earth metals

i. Beryllium

ii. Magnesium

iii. Calcium
iv. Strontium
v. Barium
vi. Radium

4. The boron group of the elements, or the Group IIla
elements of the periodic table

a. Comparative chemistry of the boron group elements
b. Individual boron group elements
i. Boron

ii. Aluminum
iii. Gallium
iv. Indium

v. Thallium

Division II. Section 121
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5. The carbon group of the elements, or the Group IVa
elements of the periodic table

a. Comparative chemistry of the carbon group elements
i. Electronic structure

ii. General properties of the group; e.g., crystal
structure, atomic size, catenation reactions

b. Individual carbon group elements
i. Carbon

ii. Silicon

iii. Germanium
iv. Tin

v. Lead

6. The nitrogen group of the elements, or the Group Va
elements of the periodic table

a. Comparative chemistry of the nitrogen group elements
b. Individual nitrogen group elements
i. Nitrogen

ii. Phosphorus

iii. Arsenic
iv. Antimony

v. Bismuth

7. The oxygen group of the elements, or the Group VIa
elements of the periodic table

a. Comparative chemistry of the chalcogens, or the oxygen
group elements

b. Individual chalcogen elements
i. Oxygen

ii. Sulfur

iii. Selenium
iv. Tellurium
v. Polonium

c. Chalcogen compounds: oxides, halides, oxyacids,
oxyhalides, hydrogen chalcogenides, metal
chalcogenides

articles article sections other references
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8. The halogen elements, or the Group VIIa elements of the
periodic table

a. Comparative chemistry of the halogen elements
b. Individual halogen elements

i. Fluorine

ii. Chlorine

iii. Bromine

iv. Iodine

v. Astatine

9. The noble gases, or the Group 0 elements of the periodic
table, formerly called the inert gases

a. Comparative chemistry of the noble gases
b. Individual noble gases

i. Helium

ii. Neon
iii. Argon
iv. Krypton
v. Xenon
vi. Radon

c. Compounds of the noble gases: the stability of and
bonding in noble gas compounds; compounds of the
individual noble gases

10. The zinc group elements, or the Group IIb elements of the
periodic table

a. Comparative chemistry of the zinc group elements
b. Individual zinc group elements
i. Zinc

ii. Cadmium
iii. Mercury

11. The transition elements: elements with partly filled d or f
orbitals occupying the middle portion of the periodic table

a. The transition elements as a group: their physical and
chemical properties as related to their electronic
structures; general compounds formed; comparison with
other group elements in the periodic table

b. Theories of transition metal complexes: crystal field and
ligand field theories; molecular orbital theory

c. Individual elements of the first transition series
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18:600-627
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14:80c—e
18:609h-611¢/ 5:137cf/13:715¢f
4:101h-103b
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articles article sections other references
i. Titanium 18:612b—g 18:456d-g
ii. Vanadium 18:612b-613d
iii. Chromium 18:613d-614¢/
4:570c-571b
iv. Manganese 18:614f-615b
v. Iron 18:615¢c-616g/ 7:736f-737b /9:894a-895b /
7:1032h-1033d 12:857g-h
vi. Cobalt 18:616g—617¢ 4:808a—-809f passim
vii. Nickel 18:617f-618g/
13:72g-73h
viii. Copper 18:618g-619f/
5:151d-152a
d. Individual elements of the second and third transition 18:619f-627¢
series
i. Zirconium and hafnium 18:620b-621b
ii. Niobium and tantalum 18:621b-622a
iii. Molybdenum and tungsten 18:622b-623d 18:736¢c-d
iv. Technetium and rhenium 18:623d-624a
v. Ruthenium and osmium 18:624a-h
vi. Rhodium and iridium 18:624h-625d
vii. Palladium and platinum 18:625d-626d 12:855b— [12:857f-g/
14:529g-530h passim
viii. Silver and gold 18:626d-627¢/ 12:853h-854h /12:857c—e
8:239%-g/
16:776d4-777a
e. The lanthanide elements
[see B.12., below]
f. The actinide elements
[see B.13., below]
12. The rare-earth elements of the periodic table: the lanthanide RARE-EARTH
elements ELEMENTS
AND THEIR
COMPOUNDS
15:515-521

a. Comparative chemistry of the rare-earth elements

i. Electronic structure

ii. Chemical properties

iii. Physical properties

iv. Nuclear properties

b. Production and processing of rare-earth metals
[see 724.C.3.u.]

c. Individual rare-earth elements

15:517¢c-521b
15:517c-518g
15:518h-519f
15:519f-521a
15:521a-b

15:515a-517b

14:80e—g /18:620a-b

i. Scandium 15:515a—-517b passim
ii. Yttrium 15:515a-517b passim
iii. Lanthanum 15:515a-517b passim
iv. Cerium 15:515a-517b passim
v. Praseodymium 15:515a-517b passim
vi. Neodymium 15:515a-517b passim

vii. Promethium 15:515a-517b passim
viii. Samarium 15:515a~517b passim
ix. Europium 15:515a-517b passim

x. Gadolinium 15:515a-517b passim
xi. Terbium 15:515a~517b passim
xii. Dysprosium 15:515a-517b passim

xiii. Holmium 15:515a-517b passim
xiv. Erbium 15:515a-517b passim
xv. Thulium 15:515a-517b passim
xvi. Ytterbium 15:515a-517b passim

XVii.

Lutetium

15:515a-517b passim



13. The actinide elements of the periodic table

a. Comparative chemistry of the actinide elements
b. Individual actinide elements
i. Actinium
ii. Thorium
iii. Protactinium
iv. Uranium
v. Neptunium
vi. Plutonium
vii. Americium
viii. Curium
ix. Berkelium
x. Californium
xi. Einsteinium
xii. Fermium
xiii. Mendelevium
xiv. Nobelium

xv. Lawrencium

. C. Other classifications of the elements or groups of them

1. Metals, ssmimetals, or metalloids, and nonmetals

2. Stable and radioactive elements

3. Native and combined elements

4. Noble metals, including the platinum group of the metals
5. Synthetic elements: transuranium elements

6. Biologically active or essential elements
[see 335.A.4.b.]

7. Technologically significant elements
[see 724.C.3.]

D. The occurrence and relative abundance of the elements in
nature

1. On Earth

a. In the crust
[see also 214.C.]

b. In the hydrosphere
[see also 222.B.1. and C.1.]

c. In the atmosphere
[see also 221.A.1.c.]

d. In the biosphere

2. In the solar system, especially in the Sun and in meteorites

articles

article sections
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3. In the stars

4. In the rest of the universe

Section 122. Chemical compounds: molecular structure and
chemical bonding

[for Part One headnote see page 20
for Division II headnote see page 29]

The articles and parts of articles referred to in Section 122 deal
with five main subjects: A, molecular structure; B, chemical
bonding; C, classifications of chemical compounds; D, inor-
ganic chemical compounds; and E, organic chemical com-
pounds.

The outline of subject A treats the hlstory, development, and
experimental and theoretical bases of the theory of molecular
structure. The outline first deals with early concepts of molecu-
lar structure and with quantum-mechanical and electrostatic
approaches to the theory of molecular structure. It goes on to
treat molecular bonds and shapes, the time-dependency prop-
erties of molecules, and the relation of molecular structure to
the properties of bulk matter. After dealing with the procedures
for the determination of molecular structures, the outline treats

the theory and the types of molecular spectra.

*  Subject B is the chemical bonding that holds atoms together
in various kinds of associations, such as those in molecules,
crystals, and metals, and which results when the electron struc-
ture of an atom is altered sufficiently to link it with the electron
structure of another atom or atoms. The outline first deals with
the general development of the theory of valence, or chemical
bonding, covering the early electronic theory of valence and
the later quantum-mechanical treatment of bonding. It deals
next with other bonding effects such as hydrogen bonding and
bonds in electron-deficient compounds. It goes on to the de-
velopment of techniques for experimental observations of
chemical bonding. Special treatment is then given to various
kinds of anomalous molecular structures and molecular frag-

A. The theory of molecular structure: its history, development
and experimental and theoretical bases

1. Early concepts of molecular structure

2. Quantum mechanical and electrostatic approaches to the
theory of molecular structure

3. Molecular bonds and shapes

a. Spatial arrangement of atoms: chains, rings, chelates,
polymers .

b. Isomers: substances having the same composition
and molecular weight but different molecular
structures

i. Structural isomers: functional group isomers;
positional isomers

ii. Stereoisomers: cis-trans isomers; optical isomers

iii. The effects of stereoisomerism in chemical reactions
4. Time-dependency properties of molecules

5. Molecular structure and its relation to the properties
of bulk matter

ISOMERISM

articles article sections other references
4:119d-g/
6:701d-h
9:799d-f/ 5:202g-203d
12:932e-f

ments with apparently anomalous valences, such as free radi-
cals, carbenes, carbanions, and carbonium ions,

Subject C is the various systems of classification of chemical
compounds—pure - substances made up of identical molecules
containing atoms of two or more elements. The article referred
to deals with the methods chemists have devised for rationally
organizing the mass of information about the millions of
known chemical compounds. It treats, among the most useful
schemes for their classification, those based on the elemental
composition of the compound; those based on the types of
bonds that exist in molecules between their component atoms;
and those based on the varieties of chemical reactions they un-
dergo. It also refers to other classifications—one based on the
physical state of a pure substance—as gas, liquid, or solid; and
one based on the source of a compound—as natural or
synthetic.

Subject D is inorganic chemical compounds, defined as com-
pounds of the chemical elements other than carbon. The out-
line first deals with the nomenclature of binary, ternary, and
coordination compounds. It goes on to treat the structural clas-
sification of inorganic compounds; methods of preparing inor-
ganic compounds; and reactions of inorganic compounds.

Subject E is organic chemical compounds. Articles are first
referred to that separately treat the properties of twenty-one
major groups of organic compounds. The outline then covers
the preparation and purification of organic compounds,
their general physical properties; and the reactions of orgamc
compounds.
other references
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a. The physical properties of matter as affected by
molecular size, shape, and interactions, and interactions
of molecules with radiations and fields

b. The chemical behaviour of matter as determined by
the nature of molecular bonds

c. The chemical, physical, and biochemical properties
of a substance inferred from its known or postulated
molecular structure

6. Experimental and theoretical procedures for the
determination of molecular structures

a. The separation, isolation, and purification of
chemical substances based on chemical equilibria and
rate phenomena

i. By volatility differences: distillation, sublimation,
evaporization

ii. By chromatography: liquid phase, gas phase,
thin layer

iii. By solubility differences: precipitation, crystallization,
zone melting, solvent extraction

iv. By ion-exchange reactions

v. By electrophoresis and electrolytic methods

vi. By mechanical methods: filtration, sedimentation,
sieving, flotation, centrifugation

b. Classical methods of qualitative and quantitative
analysis

c. Instrumental methods used to identify functional
groups, molecular sub-units, and structural features

i. Spectrochemical methods: microwave, infrared,
ultraviolet, Raman spectroscopy, colorimetry,
atomic absorption spectroscopy

ii. Mass spectrometry

iii. Magnetic resonance spectrometry

iv. Thermometric methods: thermogravimetry,
calorimetry, cryoscopy

v. Radiochemical methods: radiometric analysis,
activation analysis, isotopic dilution

vi. Electrochemical methods: potentiometry,
polarography, electrodeposition, oscillometry

d. Diffraction methods for determining molecular
structures

i. Electron diffraction
ii. X-ray and neutron beam diffraction

e. Physical methods used to determine optical activity,
magnetic susceptibility, calorific values, heat of
combustion, activation energy, and reaction rates
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38  Part One. Matter and energy

. The synthesis and characterization of derivatives, or

- specifically modified molecules

. The determination of molecular weight based on

thermodynamic theory, on transport phenomena,
and on known spatial arrangements of atoms in
the solid state

. The principles of conformational analysis as

related to molecular structure

i. Scattering of molecular beams and its

usefulness in the study of molecular interactions

7. Spectra of molecules

a.

b.

C.

The theory of molecular spectra

Types of molecular spectra
i. Microwave spectra
ii. Infrared spectra
iii. Raman spectra
iv. Visible and ultraviolet spectra

The interpretation of molecular band spectra in
determining molecular structure

B. The theory of chemical bonding: its development and
experimental bases

1. Nonquantum treatments of chemical bonding

a.

b.

C.

Early ideas and concepts of chemical bonding

The early electronic theory of bonding

i. The nature of ionic bond: shell theory, ion pairs

ii. The nature of covalent and coordinate bond:
the octet

The theory of bonding based on the quantum-mechanical
treatment of atomic structure !

2. Quantum-mechanical treatment of chemical bonding

a.

Atomic and molecular orbital concepts: localized
and delocalized orbitals, symmetry characteristics,
bonding and antibonding orbitals

. Bonding in the hydrogen molecule: the valence-bond

method versus the molecular orbital method of
calculating energy relations in bonding

. Bonding in simple polyatomic molecules
. Quantum-mechanical calculations: empirical

and nonempirical methods of determining electron
energy correlations
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3. Other bonding effects: hydrogen bonding; metallic bonds
in metals, intermetallic compounds, and coordination
compounds; bonds in crystals, in weak associations, and in
electron-deficient compounds

4. Experimental observation of chemical bonding

5. Anomalous molecular structures, or molecular fragments
with apparently anomalous valences

.a. Free radicals: molecular fragments that arise
from the cleavage of a chemical bond producing two
separate entities each of which contains a single
unpaired electron from the broken bond

b. Carbenes: highly reactive molecules containing
carbon atoms that form only two of the four
bonds that they normally form with other atoms

c. Carbanions: carbon-containing molecules with
negative charges

d. Carbonium ions: carbon-containing molecules with
positive charges

C. Systems of classification of chemical compounds or substances

1. By their elemental composition or molecular structure:
organic, inorganic, organometallic, nonstoichiometric
compounds

2. By their bond type: ionic, covalent, and coordination
compounds

3. By their chemical reactivity: acids, bases, and salts;
oxidizing and reducing agents

4. By their physical state: gas, liquid, and solid
5. By their origin: natural and synthetic

D. Inorganic compounds

1. Nomenclature of binary, ternary, and coordination
compounds

2. Structural classification of inorganic compounds
a. Salts
b. Oxides, anhydrides, acids, and bases

c. Coordination compounds

d. Organometallic compounds
[see E.lLc., below]

e. Catenates
f. Inorganic polymers

g. Special nonmetallic derivatives
3. Methods of preparation of inorganic compounds

4. Reactions of inorganic compounds; e.g., acid-base,
substitution, isomerization, oxidation-reduction, addition

E. Organic compounds
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40  Part One. Matter and energy

1. The major groups of organic compounds: their
nomenclature, chemical and physical properties,
synthesis, occurrence, reactions, and analysis

a. Hydrocarbbns: aliphatic and aromatic

b. Organic halogen compounds: alkyl, alkenyl, and

alkynyl halides; aryl halides

c. Organometallic compounds

d. Alcohols, phenols, and ethers

e. Carboxylic acids and their derivatives

f. Aldehydes, ketones, and their derivatives

g. Organic nitrogen compounds

"h. Organic sulfur compounds

i. Organic phosphorus compounds

Organic silicon compounds

—.

k. Heterocyclic compounds

1. Oils, fats, and waxes

m. Carbohydrates

n. Amino acids, proteins, and peptides

o. Isoprenoids and terpenes

p. Steroids and their derivatives
q. Nucleotides and nucleosides
r. Nucleic acids: DNA and RNA
s. Alkaloids

t. Dyestuffs and pigments

u. Organic polymers

2. Preparation and purification of organic compounds
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3. Physical properties of organic compounds

4. Reactions of organic compounds; e.g., addition,
substitution, displacement, hydrolysis, pyrolysis,
condensation, polymerization, molecular rearrangement

Section 123. Chemical reactions
[for Part One headnote see page 20

for Division II headnote see page 29]

The articles and parts of articles referred to in Section 123 deal
with eight main subjects: A, general considerations regarding
chemical reactions; B, energy changes in chemical reactions; C,
the rates of chemical reactions; D, the mechanisms of chemical
reactions; E, acid—base reactions and equilibria; F, oxidation—
reduction reactions; G, photochemical reactions; and H, chemi-
cal reactions and chemical theory in the synthesis of chemical
compounds.

The outline of subject A begins with basic concepts and major
theories concerning chemical reactions—processes of change
during which either two or more substances change or one sub-
stance changes into at least two other substances. It then deals
with the methods of classifying chemical reactions. The articles
referred to here treat the principal kinds of chemical reactions,
classified according to the relationship between the starting ma-
terials and the final product. Articles referred to at B, C, and D
treat the reactions that are classified according to the energy
changes involved, to the rates involved, and to the mechanisms
involved.

The outline of subject B treats the classification of chemical
reactions according to the energy changes involved; the signifi-
cance of activation energy in chemical reactions; and the ther-
modynamic relations in chemical reactions.

The outline of subject C first treats the factors that affect the
rates or direction of chemical reactions; the factors that affect
the kinetic order of the reaction; the factors that affect the ex-
tent of the reaction; and complex reactions. It further covers

~ the experimental methods for studying chemical kinetics and
kinetic studies as a means of elucidating reaction mechanisms.

Subject D involves detailed studies of the changes in bonding
patterns of molecules involved in chemical reactions. The out-
line covers the factors that influence the course or overall route
of change in the reaction; the energy changes through single-

A. General considerations of chemical reactions

1. Basic concepts involved in the study of chemical reactions;
e.g., transformation, conservation of mass and energy, law
of simple multiple proportions in compounds

2. Growth of major theories concerning chemical reactions

3. Classification and nomenclature of the principal kinds of
chemical reactions

a. According to the relationship involved between the
starting materials and the final products

i. Decomposition reactions
ii. Polymerization reactions

ili. Chain reactions
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stage and multi-stage processes; the factors that reveal the mech-
anism of a reaction; the classification of reaction mechanisms;
and selected mechanisms of the principal types of reactions.

The outline of subject E begins with the general properties of
acids and bases and with theoretical approaches to the definition
of these compounds that react to form salts. It goes on to the
detailed studies of acid-base reactions and of the quantitative
aspects of acid—base equilibria. The outline ends with the experi-
mental study of acid—base reactions and equilibria.

Subject F is oxidation—reduction reactions—a large and diverse
body of processes, some as common and familiar as fire, the
rusting of metals, respiration, and photosynthesis. The outline
first deals with major classifications of oxidation-reduction re-
actions. It then treats definitions of oxidation and reduction and
theoretical aspects of these reactions. After treating electrochem-
ical reactions, it deals with oxidation-reduction reactions in bio-
logical systems and in combustion and flames.

Subject G is photochemical reactions—chemical processes ini-
tiated by visible, infrared, or ultraviolet radiation. The outline
covers the photochemical process, beginning with the absorp-
tion of a quantum of electromagnetic energy by an atom or mol-
ecule; the experimental methods used in photochemistry; and the
applications of photochemical processes in synthetic chemistry,
in radiation chemistry, and in the studies of the atmosphere and
of biological processes.

Subject H is chemical synthesis, the construction of complex
chemical compounds from simpler ones. The outline deals with
factors involved in the technique of chemical synthesis. It first
treats factors that affect the choice of a specific synthetic path
and the factors that affect the choice of reaction conditions. The
outline then indicates that the isolation, purification, identifica-
tion, characterization, and analysis of products are treated in
Section 122.
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CHEMICAL
REACTIONS
‘ 4:142-146
4:142g-143c 4:166c—¢ [8:833f-h
4:143d-144d

4:145c-146f/

3:822b-h/

4:112¢c-113d/

13:699d-h

13:719f-g /13:813g-814a

4:145g-h/ 3:1003b—¢ /4:113b—c/

14:770e-771a 9:86f-87b/14:196¢c—¢ [

14:511g-512a

4:145h-146a 14:294g-295a [15:423a—c



42

Part One. Matter and energy

iv. Substitution reactions
v. Addition and elimination reactions

vi. Oxidation-reduction reactions
[see F., below]

vii. Acid-base reactions
[see E., below]

b. According to the energy changes involved
[see B.1., below]

c. According to the reaction rates or chemical kinetics
involved
[see C.6., below]

d. According to the reaction mechanism involved
[see D.4., below]

B. Energy changes in chemical reactions

C.

1. The classification of chemical reactions according to energy
changes involved: exothermic and endothermic

2. The significance of activation energy in chemical reactions

3. Thermodynamic relations in chemical reactions

a. Chemical equilibrium

b. Free energy changes and entropy changes in chemical
reactions

Rates of chemical reactions

1. Factors that affect the rate or direction of chemical
reactions

. Solvents

. Temperature
. Pressure

. Catalysts

a0 o

i. Homogeneous catalysis
ii. Heterogeneous catalysis
iii. Theories of catalytic action
iv. Enzymes as biological catalysts
[see 321.B.7.]

e. Collisions
f. Light

g. Isotopic substitution

h. Molecular structure; e.g., steric hindrance, inductive
effects

2. Factors that affect the kinetic order of chemical reactions:
concentration of reactants, mechanism of reaction,
conditions of the reaction

3. Factors that affect the extent of chemical reactions:
equilibrium constant )

4. Complex reactions: reactions governed by more than one
reaction rate

5. Experimental methods for studying chemical kinetics
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a. Measurement of reaction rates

b. Determination of the order of reactions
c. Relaxation methods

6. Kinetic studies as a means of elucidating reaction

mechanisms

. Mechanisms of chemical reactions

. Factors influencing the course of a reaction: reactants,
transition state, solvent, catalysts, products, reaction
conditions

. Energy changes through single-stage and multi-stage
processes

. Factors that reveal the mechanism of a reaction: chemical
and stereochemical nature of the reactants, intermediates,
and products; kinetics of the reaction

. Classification of reaction mechanisms based on the nature
of electron pairing in the transition state, on the nature of
the attacking species, on the nature of catalysis, on the
number of components of the transition state

. Mechanisms of the principal types of reactions

a. Nucleophilic substitution

b. Electrophilic substitution
c. Addition reactions
d. Elimination reactions

. Acid-base reactions and equilibria

. General properties of acids and bases
. Theoretical approaches to acid—base concepts
a. The definition of an acid as a substance that gives rise to

hydrogen ions and a base as a substance that gives rise to

hydroxyl ions in aqueous solutions

b. The Brgnsted—Lowry concept defining an acid as a
proton donor and a base as a proton acceptor

c. The Lewis electronic theory defining an acid as an
electron acceptor and a base as an electron donor

. Acid-base reactions
a. Proton-transfer reactions
b. Lewis acid reactions

c. Acid-base catalysis

. Quantitative aspects of acid—base equilibria

a. Equilibria in aqueous solutions

b. Equilibria in nonaqueous solvents

c. Equilibria involving Lewis acids

d. The effect of molecular structure on acid-base equilibria

. The experimental study of acid-base reactions
and equilibria
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44 Par@ One. Matter and energy

F. Oxidation-reduction reactions

1. Major classes of oxidation-reduction reactions: oxygen
atom transfer, hydrogen atom transfer, electron transfer

2. Definitions of oxidation and reduction based on the
reaction’s stoichiometry, which provides the characteristic
combining property of elements and compounds, and on
oxidation-state changes

3. Theoretical aspects of oxidation-reduction processes
a. The concept of oxidation state

b. Half reactions and the determination of redox potentials
c. Oxidation-reduction equilibria and reaction rates
d. Mechanisms of redox reactions

4. FElectrochemical reactions: chemical changes associated with
the passage of an electrical current

a. The electrochemical process: types of reaction

b. Complex electrochemical reactions

c. The Nernst and Butler—Volmer equations, which relate
electrode potentials to current densities and concentration
of reacting species

5. Oxidation-reduction reactions in biological systems

6. Oxidation-reduction reactions in combustion and flames

G. Photochemical reactions

1. The photochemical process

2. Experimental methods used in the study of the
photochemical process and photochemical reactions

3. The application of photochemical processes

H. Chemical reactions and chemical theory in the synthesis of
chemical compounds

1. Factors that affect the choice of a specific synthetic path
2. Factors that affect the choice of reaction conditions

3. The separation and purification of reaction products
[see 122.A.6.a.]
4. The identification, characterization, and analysis of

reaction products
[see 122.A.6.b. through i.]

articles article sections other references
OXIDATION—
REDUCTION
REACTIONS
13:803-809
13:803d-g/ 1:463a-b /4:146d-e/
5:141h-142b/ 8:561c—d /13:811f-g
6:640b-¢
13:803g-804a 1:460b—~d /4:96e—f /4:954e—f
13:805g-809f
13:805g-806h 1:66d—e /3:840d-841a/
5:138g-h/13:141a—</
18:683c—¢
13:806h-808b
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14:3704-371b/
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Section 124. Heat, thermodynamics, and the nonsolid
states of matter
[for Part One headnote see page 20

for Division IT headnote see page 29]

The articles and parts of articles referred to in Section 124 deal
with eight main subjects: A, the principles of thermodynamics;
B, the gaseous state; C, the liquid state; D, solutions and solu-
bility; E, physical effects at surfaces; F, the plasma state of mat-
ter; G, the properties of matter at extreme conditions; and H,
transport phenomena. The solid state of matter is dealt with in
Section 125.

The outline of subject A, after dealing with the first and second
laws of thermodynamics, treats heat, covering the definition and
theories of heat, heat transfer in matter, and the relation of heat
to entropy, work, and changes of energy in a system. The out-
line of A further treats thermodynamic relations in simple sys-
tems; the third law of thermodynamics; the effects of applied
forces on simple systems; steady rate processes; and statistical
thermodynamics.

The outline of subject B begins with the nature and properties
of a gas. It then treats the thermodynamic approach to gases in
terms of bulk measurable properties, and the particle-description
approach, which deals with how the individual properties of the
particles collectively give rise to the observed behaviour of a gas.

The outline of subject C treats the behaviour and properties of
liquids at equilibrium, the molecular structure of. liquids, and
then the transport and the acoustical, electrical, magnetic, ther-
modynamic, optical, and surface-tension properties of liquids.

The outline of subject D treats the general classes of solutions;
the composition ratios of solutions and the equilibrium, colli-
gative, and transport properties of solutions; the thermodynamic
and molecular aspects of solvent and solute interactions; general

A. The principles of thermodynamics

1. The description of physical phenomena based on the
concepts of system, state of a system, and changes of state

2. The first law of thermodynamics

3. The second law of thermodynamics

4. Stable equilibrium

a. Equations relating properties of systems that are in, or
are passing through, stable equilibrium states

b. Temperature considered as the potential governing the
flow of energy between systems

c. Heat

i. The definition of heat as a form of energy transferred
from one body to another under the influence of a
difference in temperature

ii. Theories regarding heat: the phlogiston theory, the
caloric theory, the kinetic molecular theory

iii. Heat transfer in matter: heat conductivity in solids,
convection in liquids and gases, heat transfer in
boiling liquids, evaporation and condensation

iv. Technical applications of heat energy
[see 721.B.7. and 725.A.5.a.]

v. Heat and its relation to entropy, work, and change of

energy
5. Thermodynamic relations in simple systems

a. The Carnot cycle: a system that is free from internal
irreversibility and is undergoing a sequence of isothermal
and adiabatic processes
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theories of solution; and the effects of temperature and pressure
on the solubility of solids and gases.

Subject E is the physical effects that occur at surfaces. The out-
line deals first with phenomena of tension at the surfaces of lig-
uids and with phenomena of adsorption, in which substances
attract to their surfaces molecules of gases or of solutions with
which they are in contact. It goes on to the tribological phe-
nomena of friction and lubrication. Finally, it deals with colloids,
treating irreversible colloidal systems, including such things as
emulsions, foams, and pastes; and reversible colloidal systems,
including solutions of soaps and dyes.

The outline of subject F, the plasma state of matter, begins
with basic plasma properties and parameters. It goes on to treat
elastic and inelastic collisions of plasma particles; radiation from
plasmas; the formation of plasmas; the behaviour of plasmas in
magnetic and electric fields; and the fluidlike behaviour of plas-
mas. Finally, it treats the existence of natural plasmas in inter-
galactic space, in the Sun and stars, and on Earth.

The outline of subject G treats the properties of matter at low
temperatures; the special properties of matter at high tempera-
tures; and the effects of high pressure on the physical, chemical,
electronic, and magnetic properties of matter.

The outline of subject H begins with the kinetic molecular the-
ory of the transport properties of gases, liquids, suspensions, and
polymers. It goes on to treat the equations relating transport
properties and the rates at which mass, energy, and momentum
are transported; the hydrodynamic aspects of transport; and
transport in macrosystems.

articles article sections other references
THERMO-
DYNAMICS,
PRINCIPLES OF
18:290-315
18:291h-292¢ 11:161d-e
18:292f-293b/ 11:782f-h /14:102f-h
8:704b—
18:293b-29%4¢g/ 11:782h-783c /12:871b-g/
18:307f-308a / 14:104a-b
8:704f-g/
10:894c—f
18:294g-297g
18:294h-295b  7:917h-918b
18:295¢e—¢g 18:321c-d
HEAT
8:700-706
8:700h-701e
8:701e-h/ 3:332c—¢/18:291a-b
8:702g-705a
8:705a~b/ 4:956b—c /9:807f-808a /
6:25a-¢/ 16:1052b— /17:598d-f
6:61f-62a/
8:707¢c-708b /
11:1089d-f/

18:317h-318¢

18:295g-297a 4:144h-145a

18:297a-308f

18:297a-g/
8:704c—<

17:629¢—f /18:323b-d
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articles article sections other references
b. Maxwell’s equations relating entropy to pressure, volume, 18:298h-299a
and temperature for closed systems that assume only
stable equilibrium states
c. Phase changes and equilibria PHASE CHANGES  10:1024g-1026b/
AND EQUILIBRIA = 7:1023c-1026g
14:204-210
i. General considerations: phase number, component 14:204f-205h / 10:1024g-h
number, degree of freedom, critical point, the phase 18:299a-d / .
- rule 7:1023¢c-1024c¢
ii. Phase relations and phase diagrams of unary, binary, 14:205h-210c/ 1:582¢—g /1:585¢c—¢/
ternary, and higher order systems 5:336h-337a/ 10:1024h-1026¢/

7:216h-218c/ 15:321b-322b/
7:1024c-1026g/  17:658h-660b
8:868d-86%h /

9:209e-210a
d. Simple one-component systems: processes at constant 18:299d-302b/ 14:206b—f
volume and at constant pressure; the equation of state,
which relates pressure, volume, and temperature for
stable equilibrium states
€. Simple multicomponent systems: Gibbs equation for 18:302b-305¢c/ 16:1050d-1057b passim
entropy change: the Gibbs-Dalton rule for mixture of ) 8:868e-g
gases; Raoult’s law and Henry’s law for ideal solutions
‘f. Bulk flow . 18:305¢c-306a
g. Equilibrium in chemical reactions
- [see 123.B.3.]
6. The third law of thermodynamics 18:308a-f/
11:161g-162b p
7. The effects of applied force fields on simple systems 18:308f-309b
8. Steady rate processes; e.g., systems approaching stable 18:309b-311a/
equilibrium; flow of a substance through a barrier 7:920a-g/
18:676a—g
9. Statistical thermodynamics 18:311b-315¢c/
10:1026¢c-1027b/
14:402b-408b
a. The laws of thermodynamics that consider the detailed 18:311b-313c/
microscopic structure of physical systems and the states 7:917h-921c/
of such systems 14:402b—403d
b. Statistics of grand systems 18:313d-315b
i. The one-particle approximation and fundamental 18:313f-314f
equations for one-component grand simple systems .
ii. Electronegativity of atoms and molecules treated as 18:314f-315b
a grand system with the electron as its only
component particle
B. The gaseous state of matter GASEOUS STATE
7:914-922
1. The nature and properties of a gas 7:914a-d/
12:305a—c/
12:859¢c-h/
18:303c-304a
2. The thermodynamic approach to gases: the macroscopic 7:914e-916f/
view that deals with bulk measurable properties 11:782d-783e
a. The simple gas laws 7:914g-915a 18:322g-323b
b. The thermal equation of state for perfect gases 7:915a-916b/ 12:319a—c /12:859¢c—¢/
11:783d-e 18:3004-301c
c. Empirical equations of state for real gases 7:916b-f 18:301d-h
3. The particle-description approach to gases: the microscopic 7:916f-922¢ 6:852gfh

view that deals with the individual properties of the
particles and how these properties collectively give rise to
the observed behaviour of a gas

a. The distribution function, which determines how many 7:917b-¢g
particles in the system have positions and velocities
within well-defined limits

b. The Boltzmann transport equation and the single-particle 7:917h-920g /
distribution function 14:403d-404f
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articles article sections other references
i. The link between thermodynamic properties and 7:918f-919b
microscopic properties of gases: the partition function
ii. Determination of the equilibrium properties and 7:919b-920a 18:675d-f

transport properties of gases in terms of virial
coefficients and partition functions

¢. The N-particle distribution function and the 7:920h-921c
thermodynamic-equilibrium properties and
transport properties of dense gases

d. The behaviour of a gas at the hydrodynamic and thermal 7:921d-922¢/
relaxation stages 15:589e-590b
C. The liquid state of matter LIQUID STATE
10:1024-1028"
1. The behaviour and properties of liquids at equilibrium 10:1024g-1026¢c/ 4:158e~f /14:205h—210c
16:1049g-1051a  passim
2. The molecular structure of liquids based on distribution 10:1026¢-1027b

functions, which measure the probable distribution of some
property of molecules through the liquid

3. Properties of liquids 10:1027c-1028e
a. Transport properties 10:1027c-g/ 11:879¢c-881g passim [
16:1051h-1052¢ 18:675f-g
b. Acoustical properties: propagation of sound waves 10:1027g-1028a/ 17:21h-22c
13:490f-491a/
17:2b-e
c. Electrical and magnetic properties 10:1028a-d / 6:638d-¢
6:572c-h
d. Thermodynamic properties 11:782d-783c/
13:489b-h
e. Optical properties 13:489h—490f
f. Surface tension 10:1026b—</
11:782b-c
D. Solutions and solubility SOLUTIONS AND
SOLUBILITIES
16:1047-1057
1. General classes of solutions: electrolytes and nonelectrolytes, 16:1048c-h 6:638d-e/15:519¢c—d
solutions of weak electrolytes, endothermic and exothermic
solutions
2. Properties of solutions 16:1048h—1052¢
a. Composition ratios: molarity, molality, mole fraction - 16:1048h-1049f
b. Equilibrium properties: correlation of the vapour 16:1049g-1051a  4:158e—f/14:208b-d
pressure of a solution to its composition
c. Colligative properties: rise in boiling point, decrease in 16:1051a-h/ 11:87%-g
freezing point, osmotic pressure 7:1034g-1035a/
12:320b-f
d. Transport properties: viscosity, thermal conductivity, 16:1051h-1052¢/ 4:157f-g
diffusivity 10:1027¢c-g/
11:880e-884¢
3. Thermodynamic and molecular aspects of solvent and 16:1052f-1054a
solute interactions
a. Energy considerations: entropy, enthalpy, Gibbs free 16:1052f-h /
energy 8:868e—g
b. Effects of molecular structure and weak intermolecular 16:1052h-1053f/
forces 4:111h-112b/
15:86f-87b
c. Effects of chemical interactions; e.g., hydrogen bonding, 16:1053f-1054a  12:315g-h/13:126f-127a
chemical combinations
4. General theories of solution: the prediction of solubility and 16:1054b-1056d
solution properties
a. Solutions of nonelectrolytes: Raoult’s law and Henry’s 16:1054b-1055f/
law for ideal solutions; theoretical expressions for the 18:304d-305¢
excess properties of regular athermal, associated, and
solvated solutions
b. Solutions of electrolytes: Debye-Hiickel theory and 16:1055g-1056d  1:46a-b
modifications, Arrhenius dissociation theory )
5. Effects of temperature and pressure on the solubility of solids 16:1056e-1057b/

and gases 11:781f-g
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E. Physical effects at surfaces

1. Surface tension and surface energy: cohesion and adhesion

2. Adsorption on liquid and solid surfaces

3. Mechanical and physical effects at interfaces: tribological
phenomena

a. Friction: its mechanisms and consequences and the
parameters influencing it
b. Lubrication: the reduction of friction

4. Colloids: the kinds of dispersions, their properties, and their
preparation

a. Irreversible colloidal systems: lyophobic sols, emulsions,
foams, pastes, gels

b. Reversible colloidal systems: solutions of polymers and
proteins; solutions of soaps and dyes

. The plasma state of matter: completely ionized gases
interacting with magnetic and electric fields

1. Basic plasma properties and parameters: electrical quasi-
neutrality, electron density, kinietic temperature, particle
velocities, magnetic and electric field strengths

2. Elastic and inelastic collisions of plasma particles

3. Radiation from plasmas; e.g., X-rays, synchrotron
radiation, excitation radiation

4. The formation of plasmas
5. The behaviour of plasmas in magnetic and electric fields

6. The determination of plasma variables

7. Fluidlike behaviour in plasmas: hydromagnetic waves and
magnetohydrodynamic, universal, and dissipative
instabilities in plasmas

8. Applications of plasmas; e.g., power production, jet
propulsion
[see 111.G.4., 721.B.8.a.iii., and 721.C.3.]

9. The existence of plasmas in nature

a. In the extraterrestrial medium: interplanetary and
interstellar

b. In the Sun and stars
c. On Earth

G. The properties of matter at extreme conditions

1. Properties of matter at low temperatures

a. Effects of low temperature on entropy, heat capacity,
magnetic properties, and conductivity

b. Special physical phenomena at very low temperatures:
superconductivity, superfluidity

c. Special methods for obtaining and characterizing low
temperatures: adiabatic cooling, adiabatic dilution

2. Special properties of matter at high temperatures

3. Effects of high pressure on the physical, chemical,
electronic, and magnetic properties of matter

articles article sections other references
1:88g-89a/ 1:998b—c /18:708c—f
11:782b—<
3:1002c-1004f/  4:568b—d /14:182d—
5:1110a—¢/
15:89f-h
TRIBOLOGICAL
PHENOMENA
18:705-709
18:706¢c-708f |
11:765g-767a
18:708f-709a /
11:169b—¢
COLLOIDS 13:890e-f
4:853-861
4:855b-858¢ 12:321¢/14:198h-199a

4:858c-861a/
15:86f-87b/
16:914h-915d

14:770c—¢

PLASMA STATE
14:505-510

14:505f-506a /
9:799f-800a

13:308h-309b /17:598a-d

14:506a—c

14:506d-f/
19:1058f-1061b

17:806g-807c /15:467h-468b

14:506g-h/
13:311f-313h

6:669f

14:506h-507d /
13:311b-313h

14:507d—f

14:507f-508f

14:509¢c-510e

14:509c—¢/
9:786e-h /
9:788h-789b/
9:79%4a—¢/
17:804h-805a

14:509f-510a

14:510b-e

12:928h-929¢

2:326c-¢

LOW-TEMPER-
ATURE
PHENOMENA
11:161-164

11:161g-163b/
5:319d-e

11:163b-h/
5:321f-g

11:163h-164g

17:811h-815f passim

7:922b-c/ 11:1087e-h /13:308g-310c
15:448¢e-h passim [14:505a-510e passim
HIGH-PRESSURE  6:53e-54c/ 6:51f-h /6:55b—

PHENOMENA
8:867-871

7:1026h-1027g



H. Transport phenomena

1. The kinetic molecular theory of the transport properties of
gases, liquids, suspensions, and polymers

2. Phenomenological expressions of transport: equations
relating transport properties and the rates at which mass,
energy, and momentum are transported

3. Hydrodynamic aspects of transport phenomena: equations
of change expressing the laws of conservation of mass,
energy, and momentum; transfer coefficients at boundary
surfaces

4. Transport phenomena in macrosystems: mass, energy, and
momentum balance

Section 125. The solid state of matter

[for Part One headnote see page 20

for Division II headnote see page 29]

The articles and parts of articles referred to in Section 125 deal
with six main subjects: A, crystals and crystallography; B, the
theory of the crystalline solid state; C, ionic crystals; D, metals;
E, semiconductors and insulators; and F, the glassy or amor-
phous state of matter.

The outline of subject A treats crystal symmetry and classifica-
tion in terms of the patterns of atoms in crystals; the diffraction
of X-rays, electrons, and neutrons by crystal structures; the
processes of crystal growth; the effects on the properties of
crystals of imperfections and dislocations in their structures; and
the effects of temperature, pressure, and alloying on the strength
and hardness of crystals.

The outline of subject B first deals with the classification of
solids based on their electronic structure and bonding, and with
the elastic, plastic, and thermodynamic properties of solids. It
next treats the electronic structure of solids. Finally, it treats the
principal types of magnetic behaviour exhibited by solids, and
the interaction of light with solids.

Subject C is ionic crystals, crystals composed of ions so ar-
ranged that the positive and negative charges alternate and bal-
ance one another, so that the overall charge of the crystal is zero.
The outline covers the bonding in ionic crystals; the principles
and methods that are used in the study of their structure; and the
thermal, dielectric, electrical, and optical properties of ionic
crystals.

A. Crystals and crystallography

1. Patterns of atoms in crystals

a. The three-dimensional periodic arrangement of atoms in
crystals: crystal planes and their notation

b. Symmetry considerations in the classification of crystal
systems: symmetry element—i.e., a point, an axis, or a
plane about which an operation is performed; symmetry
operations—e.g., rotation, reflection, inversion,
translation

2. Diffraction of X-rays, electrons, and neutrons by crystal
structures
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articles article sections other references
TRANSPORT
PHENOMENA
18:674-677
18:675b—-676a 4:956b—/10:1027d-g/
16:1052c-e
18:676a-h/
7:920a-h/
18:309b-311a

18:676h—677¢
11:790d-791b

18:677f-g/
11:881h-884e

The outline of subject D begins with structural aspects of met-
als and alloys, the explanation of the thermal and electrical con-
ductivity of metals in terms of the free-electron model, and the
effects of interaction of the conduction electrons with the crystal
lattice. It goes on to lattice vibrations, which affect many of the
properties of a metal, and to phenomena at the surface of metals
that involve an understanding of the forces that hold electrons
within metals. It next deals with superconductivity in metals,
covering the thermal, magnetic, and electromagnetic properties
of superconductors. Finally, it treats magnetic phenomena in
metals.

Subject E is semiconductors and insulators, which offer more
resistance than metals to electric charges moving through them.
The outline first deals with the general properties of semicon-
ductors and insulators and with the mechanisms of conduction.
It next treats the chemical and physical approaches to electrical
conduction in semiconductors. Finally, it deals with the prin-
ciples involved in semiconductor applications, including optical
and electrical effects. ‘

Subject F is the glassy or amorphous state of matter charac-
teristic of noncrystalline solids, such as glass, plastics, and gels,
which do not have a definite lattice pattern of their atoms and
molecules. The outline covers the effects of temperature and
composition on the properties of glasses; their structure and their
mechanical, chemical, optical, and electrical properties.
articles

article sections other references

CRYSTALLOG-
RAPHY
5:339-347

5:340b-344a/
7:213a-215a/
16:752d-754g/
16:1035¢-1036¢

5:340c-341a/
1:707f-709a /
7:219b-221b/
12:234a-235f/
15:319¢-320b/
16:756f-h

5:341b-343g/
5:33g-h/
13:561g-562a

3:845g-846a /11:1087a-d /
16:1035¢cf

14: 284e-287d passim

5:344a-346¢/
12:1074c-—</
14:474b—c

9:805b-c/12:316f-h/
16:523h—524a /
19:1059f-1060a
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articles article sections other references
3. Processes of crystal growth CRYSTALLIZA-
TION AND
CRYSTAL
GROWTH
5:333-339
a. Theoretical aspects of crystal growth: energy 5:335b-337¢/ 6:642d-g
considerations, growth of eutectics, constitutional 8:210a-d
supercooling, nucleation
b. Preparation of crystals 5:337d-339f
i. Monocomponent crystal growth: crystal pulling, zone 5:337d-339a/ 7:250e—f /16:514e-h
melting, flame fusion, and other methods 19:1058g-1059¢
ii. Polycomponent crystal growth: solvent evaporation, 5:339a-f/ 4:159d-f
temperature differential, chemical reaction, slow 7:979g-h
cooling
4. Imperfections and dislocations in crystalline materials and - 5:346¢-347b/ 5:334b-d /11:309b—c/
their effects on the properties of the crystals 9:806c-807b 11:1087h-1088f/
16:1036b-c /17:658f-g /
18:318b— .
5. Effects of temperature, pressure, and alloying on the strength 17:660b-661b 8:870g-h /11:1088c—f
and hardness of crystals
B.. The theory of the crystalline solid state SOLID STATE OF
MATTER
16:1032-1044
1. The classification of solids according to their electronic 16:1033¢c-1035b/ 4:84g-85b/12:234b-235b
structure and bonding 2:341f-h
a. Ionic solids 16:1033d-1034a/ 4:84g-h
9:804g-805a
b. Covalent solids 16:1034a—¢ 4:84h-85b /16:524f-g
c. Metallic solids ) 16:1034e-g 11:1086b-d
d. Molecular solids 16:1034h-1035a
e. Hydrogen-bonded solids 14:769d-h 4:93c-d/19:633c—g
2. The arrangement of atoms in crystalline solids
[see A.l.a., above]
3. The elastic and plastic properties of solids 16:1036d-g/ 6:519d-520c /
5:556h-557b 15:953g-958f passim
4. The thermal and thermodynamic properties of solids: 16:1036g-1037b/ 11:162e—£/11:1089d-f/
specific heat, thermal conductivity ) 15:960a-h / 11:1091c-f/18:317h-318¢c
17:813b-f
5. The electronic structure of solids 16:1037c-1040f
a. The nature and mobility of electrons in conductors, 16:1037d-1039g/ 11:1089¢c-d /15:395g-h
insulators, and semiconductors 6:671d-e/
16:523e-524d
b. Electron emission: thermionic emission, photoelectric 16:1040c—</ 11:1091g-1092a /16:528d-f
emission, field emission 6:671f-g/
14:297f-298f
c. The nearly free electron approximation 11:1088f-1089b  16:1037e-1038a
d. The energy-band theory of the solid state 2:341h-342¢/ 16:525f-526b
9:807b—
6. The principal types of magnetic behaviour exhibited by 16:1040g-1042b/ 7:251b-252a/11:162g-h
solids: paramagnetism, diamagnetism, and ferromagnetism 2:342g-343a/
11:323h-327h/
15:962a—c
7. The interaction of light with solids . 16:1042b-1044a /
9:808g-809g
a. The behaviour of solids illuminated with radiation: 16:1042d-1043a/ 2:342e-£/9:808d-809c/
reflection, absorption, or transmission of photons 10:943h-944¢ 11:1092b— /12:240c-h /
15:402d-h
b. The generation of electromagnetic radiation from the 16:1043b-1044a  2:342f-g/9:809d-f
energy supplied to the solid
c. The photoelectric effect PHOTOELECTRIC  6:653g—654a/ 15:404e-g
EFFECT 10:947a-b
14:296-300
C. Ionic crystals IONIC
CRYSTALS

9:804-809



1. Bonding in ionic crystals

2. The structure of ionic crystals
a. Perfect ionic crystals

b. Defects in ionic crystals: Frenkel defect, Schottky defect,
colour centres

3. Properties of ionic crystals
a. Vibrational and electronic properties
b. Thermal properties

c. Polarizing and diffusion properties and the nature of
ionic conduction

d. Optical properties

. Metals

1. Structural aspects of metals and alloys

2. Elementary description of metals: the use of the free electron
model to explain thermal and electrical conductivity of
metals

3. The electronic structure of metals and related effects

a. The interaction between the periodic lattice and the
conduction electrons: the weak pseudopotential

b. Electron motion in a magnetic field and
conduction-related effects

4. Band structure and properties of metal groups: alkali metals,
semimetals, noble metals, transition metals

5. Lattice vibrations: interaction between ions, interaction
between electrons, phonons, and dispersion

6. Metal surface phenomena: thermionic and field emission of
electrons, electron tunnelling, photoemission, free carrier
absorption and interband transitions

7. Many-body effects: plasma oscillations, spin waves, Fermi
liquid theory, dynamic effects and shake-off electrons

8. Superconductivity in metals

a. Thermal properties of superconductors: transition
temperature, specific heat and thermal conductivity,
energy gaps

b. Magnetic and electromagnetic properties of
superconductors: vritical field, Meissner effect, phase
coherence effects k

9. Magnetic phenomena in metals: diamagnetism,
paramagnetism, ferromagnetism, antiferromagnetism,
nuclear magnetic resonance

. Semiconductors and insulators

1. General properties of semiconductors and insulators

2. Mechanisms of conduction: mobility of charged particles
and electrons in solids
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3. Electrical conduction in semiconductors

a. Chemical approach: impurity conduction, hopping
process

b. Physical approach: energy band and gaps, lattice
vibrations, statistical properties

c. Extrinsic and intrinsic semiconductors
d. Measurement of conductivity and of energy gaps
4. Principles involved in semiconductor applications

a. Optical effects: photoelectric effect, photovoltaic effect,
luminescence

b. Electrical and related effects: hot electron effects,
thermoelectric effects

c. Junction effects
d. Pressure and stress effects
F. The glassy or amorphous state of matter

1. Effects of temperature and composition on glass properties

2. The structure of glass
3. General properties of glasses

a. Mechanical properties
b. Chemical properties

Optical properties

°

d. Electrical properties

Section 126. Mechanics of particles, rigid bodies, and
deformable bodies: elasticity, vibrations, and flow
[for Part One headnote see page 20

for Division IT headnote see page 29]

The articles and parts of articles referred to in Section 126 deal
with six main subjects: A, the principles of classical mechanics;
B, relativistic mechanics in inertial systems of reference; C, the
stress dynamics of elastic materials; D, vibrations of elastic bod-
ies; E, fluid mechanics, including gas dynamics; and F, rheolog-
ical phenomena—deformation and flow.

The outline of subject A deals first with the fundamental pa-
rameters and concepts of classical mechanics—matter, space,
motion, and time. It goes on to treat its three branches—statics,
concerned with systems of objects in equilibrium; kinematics,
concerned with the description of motions apart from considera-
tions of mass and force; and kinetics, concerned with a particle’s
motion in relation to forces acting on it, and involving Newton’s
laws of motion, the concepts of impulse, momentum, work, and
power, and the concepts of energy, energy conservation, and the
conservation of momentum. It then treats the mechanics of non-
rigid bodies; motion in a rotating frame of reference, such as the
Earth; and the mechanics of complex systems, exemplified by
the rotation of spinning tops and gyroscopes.

The outline of subject B deals with relativistic mechanics in
inertial systems of reference. It begins with the mechanical
foundations of special relativity and goes on to relativistic kine-
matics. It then treats the relationship between gravitational mass
and inertial mass. '

The outline of subject C begins with the stress—strain relation-
ships involved in the phenomenon of elasticity. It then treats the

other references
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article sections
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different character of elasticity in viscous and crystalline bodies;
the elastic constants; and the mathematical theory of elasticity.

The outline of subject D, vibrations of elastic bodies, treats the
nature of vibrations; the sources of energy of vibrators; the types
of vibrational waves; and the behaviour of materials undergoing
vibration.

Subject E is fluid mechanics, the science concerned with gases
and liquids at rest or in motion. The outline begins with the
mechanical and thermodynamic properties of fluids. After deal-
ing with the basic equation of fluid statics, which deals with
forces exerted on a fluid to hold it at rest, the outline goes on to
hydrodynamics and aerodynamics, treating first the simple case
of frictionless (nonviscous) one-dimensional fluid flow, and then
proceeding to the more general cases of the flow of a viscous
fluid and flows in which the compressibility of a fluid exerts in-
fluence on the character of the flow.

Subject F is rheological phenomena and involves general stud-
ies of deformation, changes in bodily size or shape, and general
studies of flow, the continuous change of deformation with time.
The outline begins with continuum mechanics, covering the kine-
matics of deformation and flow and the balance of forces and
torques they involve. It goes on to mathematical accounts of
stress-deformation relations in different media and of the strength
of materials against fractures. Finally, it treats the application
of molecular theories in explaining the rheological phenomena
of deformation and flow.



A. The principles of classical mechanics

1. The fundamental parameters and concepts of classical
mechanics

a. Matter
b. Space
c. Motion
d. Time
2. Statics: equilibrium of systems at rest
a. Force

b. Friction

3. Dynamics: motion of systems

a. Kinematics: motion of particles and rigid bodies without

consideration of the forces producing the motion
i. Velocity and acceleration

ii. Rotation about a fixed axis
iii. Motion in a circular path

——

v. Simple harmonic motion

v. Relative motion

b. Kinetics: motion of bodies under the action of forces

upon them

i. Newton’s laws of motion: the law of inertia, the law

of force, the law of action and reaction

ii. Motion under a constant force

iii. Ballistics: phenomena and laws of projectiles; their

propulsion, flight, and impact
iv. The pendulum

v. Newton’s law of universal gravitation

vi. Kepler’s laws of planetary motion
c. Impulse and momentum

d. Work and power

e. Enérgy

i. The concepts of energy and energy conservation

ii. Forms of energy and examples of energy

transformations associated with each energy form

iii. The equivalence of mass and energy

f. The conservation of momentum

4. Mechanics of nonrigid bodies

a. The collision of bodies or particles: centre of mass
system, elastic collisions, inelastic collisions

b. Stiffness in mechanical vibrations

5. Motion in a rotating frame of reference: inertia forces and

Coriolis forces
6. Mechanics of complex systems
a. The principle of virtual work
b. The rotation of spihning tops and gyroscopes
c. The precession and nutation of rotating bodies
d. Lagrange’s and Hamilton’s equations of motion
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articles article sections other references
B. Relativistic mechanics in inertial systems of reference RELATIVITY 14:410e-414a
15:581-585
1. Mechanical foundations of special relativity 15:581h-583d/ 11:744f-g /12:869g-h
14:415¢c-416¢c/
18:417f-418d
2. Relativistic kinematics ) 15:583e-584¢/
5:33h-34e/
6:853d-f
3. The relationship between gravitational mass and inertial 15:584h-585¢ 8:289h-290b
mass
C. The stress dynamics of elastic materials ELASTICITY
6:518-522
1. The phenomenon of elasticity: stress-strain relationships 6:518h-519¢/ 11:258d-f /11:775d-f/
: 6:366b—¢/ 15:953g-955h passim [
14:398h-401c/ 19:667d-e
15:914c-h/
17:21h-23a
2. Elasticity in viscous and crystalline bodies 6:519d-521a/ 6:603a-b
16:1036d-g
3. Elastic constants 6:521a—¢/
5:556h-557b
4. The theory of elasticity: mathematical expressions defining 6:521e-522¢ 11:781h-782a /15:954g-955b
elastic properties :
D. Vibrations of elastic bodies VIBRATIONS
19:99-103
1. The nature of vibrations: natural or free vibrations; damped 19:99d-101d/
and forced vibrations . 6:851c-g/
19:667c-h
2. Vibrators and their sources of energy 19:101d-g/ 19:667g-h /19:668h—-669a
17:29a-c .
3. Types of vibrational waves: their properties and modes of 19:101h-102¢ 6:72c-73e passim [15:955b-h
propagation
4. The behaviour of materials undergoing vibration 19:102c-103a 19:667h-668b
5. Detection and utilization of vibrations
[see 723.F.6. and 735.K.2.b.]
E. Fluid mechanics, including gas dynamics MECHANICS,
FLUID
11:779-793
1. General properties of fluids, ideal and actual 11:781d-783g
a. Mechanical properties 11:781f-782¢/
5:556e-h/
5:557d-e/
10:1027¢-1028d
b. Thermodynamic properties 11:782d-783g/ 18:676h—-677b
18:305¢c-306a
2. Fluid statics and equilibrium 11:783g-786f
a. The basic equation of fluid statics . 11:783g-784f
b. Fluid forces on plane and curved surfaces: analysis of 11:784f-786f/ 18:677c—d
forces, buoyancy, stability of floating and submerged 16:689g-690e
bodies
3. Fluids in motion: hydrodynamics and aerodynamics 11:786f-793a /
‘ 8:437h-438e
a. Frictionless one-dimensional fluid flow 11:786g-788d
b. Flow in pipes and channels: laminar flow, turbulent flow, 11:788d-78% / 8:707f-708b
special types of flow 7:438b-440c
c. General two- and three-dimensional flow: mathematical 11:789f-791b/
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14:396¢c-398g /
18:385d-387f

d. Compressible fluid flow: isentropic flow, shock 11:791c-793a 2:657b—d /7:921d-922a
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F. Rheological phenomena: deformation and flow

1. Continuum mechanics

a. Kinematics of deformation and flow: strain, shear,
compression, elongation

b. Dynamics: balance of forces and torques

2. Constitutive equations: stress-deformation relations in
different media

3. Yield strength of materials: fracture and fatigue

4. The application of molecular theories to explain
rheological phenomena

Section 127. Electricity and magnetism
[for Part One headnote see page 20

for Division IT headnote see page 29]

The articles and parts of articles referred to in Section 127 deal
with six main subjects: A, the static electric charge; B, moving
charges and electric currents; C, magnetism; D, the theory of
fields in physics; E, the electromagnetic field and the theory of
electromagnetic radiation; and F, relativistic electrodynamics.

The outline of subject A begins with the general phenomena of
static electricity, treating the basic laws of electrostatics; the elec-
trostatic field; the electric dipole; electrostatic energy and force
in nuclear and atomic structure and in chemical bonding; and
electricity in the atmosphere. It next deals with the electrostatics
of dielectrics and capacitors, with high-voltage phenomena, and
with electrical fields and potential distributions in two and three
dimensions. At the end, indication is made of the sections in
Part Seven that treat the measurement of electrostatic forces and
fields and the application of electrostatics in science and tech-
nology.

Subject B is moving charges and electric currents. The outline
treats direct electric current; the conduction of electricity; al-
ternating electric currents; the primary effects and properties of
electric fields and currents; and the effects of electricity on
matter.

The outline of subject C, magnetism, begins with the general
phenomena of magnetic systems. It goes on to treat the mag-
netic effects of steady electrical currents; the motions of charged
particles in magnetic and electrical fields; and the magnetic ef-
fects of varying currents. Finally, it treats the general properties
of magnetic materials and the classification of substances as ei-
ther permanent magnets or as substances varyingly susceptible
to magnetization.

Subject D is the theory of fields in physics—a field being de-
fined as a continuous distribution of some observable and mea-
surable quantity in space and time controlled by a law that per-
mits calculation and prediction. The outline begins with general

A. The static electrical charge

1. General phenomena of static electricity

a. The basic laws of electrostatics that relate the
interaction of charged bodies at rest

b. The electrostatic field

c. The electric dipole: a system of two equal but
opposite charges at a fixed separation from each other

d. Electrostatic energy and force: in nuclear and atomic
structure; in chemical bonding

e. Electricity in the atmosphere: atmospheric currents,

thunderstorms, lightning
[see also 212.C., 221.A.4., and 224.B.2.b.iv.]
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AND FLOW
5:553-558

5:554h-556e

5:555a-556a/
15:914h-916a
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5:556e-557g/
15:957h-958f

5:557g-558a/
15:956¢-957h

5:558a-d

11:781d-781e

considerations about the mathematics of field theory. It goes on
to the distinction between material and nonmaterial fields and
the distinction between scalar, vector, and tensor fields. It next
gives examples of fields in ordinary space from various branches
of physics, such as mechanics, electromagnetics, and hydrody-
namics. Finally, it treats fields with distributions in more than
three dimensions, dealt with in thermodynamics, the theory of
general relativity, and quantum mechanics.

Subject E is electromagnetic radiation—the propagation of en-
ergy through space by means of time-varying electric and mag-
netic fields. The outline begins with the classical theory of radia-
tion. The major article referred to carries the history from early
theories of light to James Clerk Maxwell’s electromagnetic wave
concept; it then goes on to the orderly arrangement of radiation,
called the electromagnetic spectrum, according to wavelength or
frequency, the spectrum ranging from the longest known radio
waves, through microwaves, light, and X-rays, to extremely
short-wavelength gamma rays and cosmic rays. The outline then
treats the quantum theory of radiation, covering the evidence
for the particle nature of electromagnetic radiation; the wave—
particle duality of the photon; the interaction of electromagnetic
radiation with atomic and molecular structure; and the relation
of electromagnetic radiation to quantum theory and relativity.
The outline concludes with the mathematical formulation of
electromagnetic theory, covering Maxwell’s equations for elec-
tromagnetic fields and radiation; the transmission of radiation
in free space; wave equations in space bounded by conductors;
the scattering of electromagnetic waves; electromagnetic waves
in material media; and antennas.

The outline of subject F, relativistic electrodynamics, treats
electrodynamics in four-dimensional notation and applications
of relativistic principles in the treatment of electromagnetic and
nuclear force fields of relativistic particles.

articles article sections other references
ELECTRICITY
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6:544b-551e
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2. Electrostatics of dielectrics and capacitors

a. Capacitors

b. Dielectrics
c. Polarization

. Electrostatic potential

a. High-voltage phenomena: generation, breakdown, and
discharge; field emission

b. Electrical fields and potential distributions in two and
three dimensions

. Measurement of electrostatic forces and fields
[see 723.D.1.e.]

B. Moving charges and electric currents

1. Direct electric current: current that flows in one direction

a. General phenomena of moving electrical charges:
deﬁnitions of electrical quantities and their units

b. Electromotive force

c. Behaviour of direct currents in electrical circuits
i. Ohm’s law and the definition of resistance

ii. Kirchhoff’s laws concerning the sum of
electromotive forces in a closed circuit

iii. Principles of devices that measure or indicate the
presence of current, potential difference, and
resistance

. The conduction of electricity
a. The motion of charged particles in an electric field

b. The mechanisms of the conduction of electricity
i. Conduction of electricity in a vacuum

ii. Ionic conduction in gases

iii. Ionic conduction and migration in liquids and solids

iv. Conduction in metals and semiconductors by
movement of electrons and holes

c. Thermoelectric effects: phenomena in which electrical
energy is transformed into thermal energy or vice
versa; e.g., Seebeck effect, Peltier effect, Kelvin
effect

d. Electron emission: thermionic emission, secondary
emission, photoelectric emission

. Alternating electric currents: current that reverses
itself with uniform frequency -

a. Faraday’s law of electromagnetic induction concerning
changing currents in nearby circuits .

b. The mathematical and graphical representation of
alternating currents

c. Basic laws of alternating current circuits

d. The detection and measurement of alternating currents

and voltages
[see 723.D.1.e.]

e. Parallel resonant circuits
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E

Alternating current bridges for determining impedance

. Propagation of electric waves in cables
. Filters that select signals

Transient phenomena of alternating circuits

. Eddy currents and skin, or surface, effects
. Principles of generation and transmission of ac single

and multiphase power

4. Primary effects and properties of electric fields and currents

a.

b.

d.

Magnetic effects of steady electric currents
[see C.2., below]

Magnetic effects of changing currents
[see C.4., below]

. Force, energy, and power associated with

electromagnetic fields

The generation of electromagnetic radiation by the
changing of currents in circuits

5. Effects of electricity on matter

a.

b.

Piezoelectricity and applications of the phenomenon

Optical effects: electroluminescence, Kerr effect,
Stark effect

. Thermal effect: resistance heating
. Chemical effects: electrolysis, electro-osmosis,

electrophoresis

. Bioelectric effects: effects associated with nerve, brain,

and muscle action in which potential differences occur and
can be influenced by applied potential

C. Magnetism

1. General phenomena of magnetic systems

2. Magnetic effects of steady electrical currents

a.

b.

C.

The magnetic field of steady currents: Ampére’s law,
the law of Biot and Savart

The magnetic moment of a current loop
The magnetic field of a solenoid

3. Motion of charged particles in magnetic and electric fields

a.
b.
c.

d.

The force on a moving charge
Motion of charges in uniform flux density

Motion of charges in combined electric and magnetic
fields

Magnetic dipole moments: atomic moments, nuclear
moments, magnetic resonance

4. Magnetic effects of varying currents

a.
b.

The laws of electromagnetic induction
Inductance and magnetic energy

5. Properties of magnetic materials

a.

The classification of magnetic substances

b. Induced and permanent atomic magnetic dipoles

C.

Magnetism of matter
i. Diamagnetism

ii. Paramagnetism
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iii. Ferromagnetism

iv. Antiferromagnetism
v. Ferrimagnetism

vi. Terrestrial magnetism
[see also 212.B.]

d. Atomic structure and magnetism

D. The theory of fields in physics

1. The definition of a field in physics: the scope of field
theory

2. Mathematical treatment of fields

3. Classification of fields
a. Material and nonmaterial fields

b. Scalar, vector, and tensor fields

4. Examples of scalar, vector, and tensor fields in ordinary
space: examples in mechanics, electromagnetics,
hydrodynamics

5. Fields with distributions in more than three dimensions:
examples in thermodynamics, in the theory of general
relativity, and in quantum mechanics

E. The electromagnetic field and the theory of electromagnetic
radiation

1. The classical theory of radiation

a. The development of concepts and theories concerning

the nature of light

b. Semiquantitative treatment of electromagnetic
radiation: Maxwell’s equations that show the
electromagnetic nature of light

c. The electromagnetic spectrum: the orderly
arrangement of radiation according to wavelength or
frequency

2. The quantum theory of radiation

a. Evidences of the particle nature of electromagnetic
radiation: Compton effect, photoelectric effect,
Raman effect

b. The wave—particle duality of the photon

c. The interaction of electromagnetic radiation
with atomic and molecular structures:
absorption, emission, and scattering processes

d. The relation of electromagnetic radiation to
quantum theory and relativity

3. The mathematical formulation of electromagnetic theory

a. Maxwell’s equations for electromagnetic fields and
radiation

6:646b-648¢ |
2:334h-335¢/

- 10:928g-930b/

11:794b-795g
6:648¢-651b/
14:408d-f

6:651c-653a/
15:402a-b
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b. Transmission of radiation in free space

. ¢. Wave equations in space bounded by conductors
d. Scattering of electromagnetic waves

e. Electromagnetic waves in material media; e.g.,
polarization of matter; waves in a dielectric;
frequency approximations

f. Antennas: directional characteristics, impedance,
ground wave propagation, sky wave propagation

F. Relativistic electrodynamics
1. Electrodynamics in four-dimensional notation

2. Applications of relativistic principles in the treatment of
electromagnetic and nuclear force fields of relativistic
particles

Section 128. Waves and wave motion
[for Part One headnote see page 20

for Division II headnote see page 29]

The articles and parts of articles referred to in Section 128 deal
with five main subjects: A, general wave phenomena and the
theory of wave motion; B, electromagnetic waves; C, light waves;
D, the focussing and imaging of waves; and E, sound waves.

The outline of subject A begins with the general properties of
waves and then deals with their types, classified principally by
the medium supporting the transmission of wave motion and
by the motion of particles in a wave. After treating the general
theory of waves, the outline covers the principle of superposi-
tion of waves; the behaviour of waves at boundaries or inter-
faces; the diffraction and interference of waves; and the inter-
action of waves with matter.

The outline of subject B begins with the general properties of
electromagnetic waves and with the properties of waves accord-
ing to regions in the electromagnetic spectrum. It goes on to the
sources of incoherent electromagnetic waves—of radio waves;
of microwaves; of infrared, visible, and ultraviolet waves; of
X-rays; and of gamma rays. It next treats the sources of coher-

ent electromagnetic waves, covering the types of lasers and the .

types of masers. Finally, it deals with the transmission of elec-
tromagnetic waves through matter, through space, and by wave
guides and transmission lines.

The outline of subject C begins with the analysis of light as a
wave motion. It goes on to the measurement of the velocity of
light; to the interference of light; to diffraction phenomena; and

A. General wave phenomena and the theory of wave motion

1. General properties of waves: frequency, amplitude,
wavelength, phase

2. Classification of waves

a. Waves classified by the medium supporting the
transmission of wave motion: water waves, sound waves,
electromagnetic waves

b. Waves classified by the motion of particles in a wave;
e.g., transverse, longitudinal, torsional, and cylindrical
waves

c. Other classifications: bow waves and shock waves

3. The theory of waves

a. General characteristics of vibratory motion: periodicity,
group velocity, energy content

Division II. Section128 59

article sections

6:658g-661h/
14:410b-¢
6:662a—c
6:662d-663b/
10:944e-945f
6:663b-664b

articles other references

19:669a—

6:664b-h/
1:966d-968b

6:601c-e /15:428f-h

15:584d-e
2:339¢c-g /12:869d-¢

15:585¢c-g

6:668a—f/
13:1023d-g/
15:587g-588b

to polarization, the properties of light that depend on the vec-
torial character of the amplitude of the wave. It next treats the
properties and behaviour of light waves based on James Clerk
Maxwell’s equations of electromagnetic theory; the interaction
of light with matter; and the quantum theory of light. Finally, it
treats the separation of light into its constituent wavelengths and
the analysis of light spectra, and the sources of light.

The outline of subject D, the focussing and imaging of waves,
begins with geometrical optics, covering reflection and refrac-
tion, the tracing of a refracted ray at a surface, the optical prop-
erties of lenses, and image brightness. Dealing with optics and
information theory, the outline treats the characterization of an
optical system by impulse responses and transfer functions; the
concept of partially coherent light; optical processing; and ho-
lography, an image-formation process using the principles of
interference.

The outline of subject E first treats the general nature and prop-
erties of sound waves, the characteristics of shock waves, the
many sources of sound waves, and the instruments for the de-
tection and reception of sound. It then indicates the sections
in Part Seven that treat the applications of acoustics. Finally,
it gives separate treatment to the physical aspects of musical
sound, covering the special properties of musical sound and
the production of sound waves by the various types of musical
instruments.

articles article sections other references
WAVE MOTION
19:665-673
17:21bf 10:930c—¢ /11:794d~-¢

19:666a-667b

19:666a-b/ 6:649a-b/
13:493c-495a / 19:654d-659g passim
17:20f-21b

19:666b-h 19:102a-b

19:666h—667b / 12:50b-d

11:792d-793a/

17:28e—f
19:667c-669d 1:779b~780a /13:493h—494f
19:667c-h/ 6:648¢—649a /19:657e~h
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articles article sections other references
b. The velocity of waves: factors affecting wave velocity, 19:667h—668f/
functional forms of phase velocity, constancy of the 19:656f-657d
speed of light in free space
¢. The wave equation: the space-time description of wave 19:668f-g/
motion 5:753e-754c/
10:933b—c/
17:21f-h
d. Transport of energy and momentum : 19:668h—669d /
6:853b-d
4. The principle of superposition of waves 19:669d-671c
a. Standing waves: waves with stationary nodes 19:669{-670d /
17:27d-28¢c
b. Modulation of waves 19:670d-¢ 10:937h-938¢c
c. Pulse and wave trains 19:670e-671c
5. The behaviour of waves at boundaries or interfaces 19:671d-672¢/
10:943h-944e /
17:24g-25¢
a. Reflection 19:671d-672b 17:23¢c-h
b. Transmission 19:671d-672b
c. Refraction 19:672c-¢/
13:609h-610c/
» 17:23c-24c :
6. The diffraction and interference of waves 19:672f-673¢/ 17:27a—c
10:931b-932d
7. The interaction of waves with matter: absorption, dispersion 10:944e-945f/ 15:403g-404c
17:26e-27a
B. Electromagnetic waves ELECTROMAG-
} NETIC .
RADIATION
6:644-653
1. General properties of electromagnetic waves 6:648e-651b/ 15:401h—402b /16:1042b—/
6:600h—602¢ 19:666a-b
2. The properties of waves according to regions in the 6:651c-653a
electromagnetic spectrum
a. Electric current waves 6:651cf
b. Radio waves 6:651g-h/ 7:841d-f/15:373c—e
15:423h-424g/
15:467h—468¢
c. Microwaves ‘ 6:651h-652b 17:467e-h
d. Infrared waves 6:652b— 17:468f
e. Visible light
[see C., below]
f. Ultraviolet waves 6:652¢
g. X-rays
[see 112.D.]

h. Gamma radiation
[see 111.E.1.a.i.]

3. Sources of incoherent electromagnetic waves
a. Sources of radio waves; e.g., oscillators, antennas 7:832b-833d/ 15:376b-g/
7:841d-842c/ 15:468¢c—475h passim
9:794f-797d

b. Sources of microwaves; e.g., klystrons, travelling wave 6:688g—689¢c 6:680a-b [15:375b—f

tubes
¢. Sources of infrared, visible, and ultraviolet waves 6:604d-606a / 4:957c[7:842d-g [/17:468f-g

9:582a-583¢c
i. Black-body radiation 2:335b—c/9:582a-b/
18:323h-324a
ii. Luminescence, fluorescence, and phosphorescence LUMINESCENCE ~ 2:1031e-1032c/ 2:342ef/15:409d-f/
11:178-185 12:241h-242f 16:527e-f
iii. The passage of electrical current through a resisting 10:958d-959g 17:459b—f

medium; e.g., incandescent lamps, gas discharge tubes

d. Sources of X-rays

i. X-ray tubes 17:473h—474b 11:795d-¢ /15:459b-f /
15:465a—

ii. Nuclear sources 19:1061a-b



iii. Astronomical sources
e. Sources of gamma rays
i. Nuclear sources

ii. Mossbauer radiation: the recoilless radiation and
absorption of gamma radiation

4. Sources of coherent electromagnetic waves: lasers and

masers

a. Types of lasers; e.g., optically pumped lasers, liquid
lasers, gas lasers

b. Masers; e.g., solid-state masers, gas masers

c. Laser applications; e.g., interferometry, cutting and
welding
[see 722.C.7.b., 725.B.6.¢., and 735.G.3.]

d. Safety considerations

e. Future prospects; e.g., the development of devices to
produce coherent waves at additional wavelengths

5. The transmission of electromagnetic waves

a. Through matter

b. Through space: the effects of dilute plasma and
magnetic fields

¢. By wave guides and transmission lines

. Light waves

1.

Light as a wave motion: the wave theory of light

a. The properties of light consistent with the wave theory:
diffraction, interference, polarization, dispersion

b. The spectrum of light: the description of colour in terms
of wavelengths

. The velocity of light and its measurement

. Interference of light: the superposition of waves from

different sources or from the same source with different
optical paths

. Diffraction phenomena: the spreading of light that occurs

at the edges of geometrical shadow when a beam of light is
restricted by holes or slits that block out part of the wave
front; Fresnel and Fraunhofer diffraction

. Polarization: the properties of light that depend on the

vectorial character of the amplitude of the wave

a. Superposition of polarized beams: plane, circularly, or
elliptically polarized light

b. Double refraction: waves in anisotropic media

¢. Characterization of polarized light by Stokes’s
parameters and Poincaré sphere

. Properties and behaviour of light waves based on Maxwell’s

equations of electromagnetic theory

. The interaction of light with matter

a. Reflection and refraction

b. Dispersion and scattering

c. Absorption
i. Mechanical effects of light
ii. Chemical effects of light

. The quantum theory of light: the photon

a. Observed photon phenomena: photoelectric effect,
Compton scattering, Rayleigh scattering
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10.

11.

12.

b. The uncertainty principle in relation to the study of the
phenomena of light

c. The detection and counting of photons

. The separation of light into its constituent wavelengths and

the analysis of light spectra

Sources of light

The focussing and imaging of light waves
[see D., below]

The biological effects of light, including photosynthesis
[see 322.A. and 351.A.3.b.]

D. The focussing and imaging of light waves

1.

Geometrical optics: the geometry of light rays and their
image-forming properties through optical systems

a. Reflection and refraction

b. Tracing a refracted ray at a surface

c. Paraxial imagery: rays that make very small angles with
the axis

i. Magnification

ii. Lenses and combination of lenses

iii. Lens aberrations: spherical aberration, coma,
astigmatism, Petzval curvature, distortion, chromatic
aberration

d. Applications of lenses and mirrors in optical systems
[see 723.E.1.]

e. Image brightness

. Optics and information theory

a. The characterization of an optical system by impulse
responses and transfer functions

b. The concept of partially coherent light
¢. Optical processing: the manipulation of the information
content of the image in coherent optical systems ‘

d. Holography: an image formation process using the
principles of interference

E. Sound waves

. The nature of sound waves

. Properties of sound waves

. Shock waves and their characteristics

4. Sources of sound waves

. The reception of sound
. Applications of acoustics

a. Recording and reproduction
[see 735.F.]

b. Architectural and acoustical design
[see 733.A.8.]

¢. Speech and music
[see 442.B.1.a. and 624.B.]
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d. Military acoustical detectors
[see 735.J.2.]

e. Noise control
[see 733.A.8.b.]

7. Physical aspects of musical sound

a. The special properties of musical sound

i. Pitch, timbre, and loudness
ii. Fundamentals and overtones

b. The production of sound waves by musical instruments;
e.g., by percussion, string, and wind instruments

articles article sections

DivisionIx 63

other references

SOUND,
MUSICAL
17:34-39
17:34h-35g/
18:741a—f
17:34h-35¢

17:35¢-h

17:38¢-39a/
12:729b-—/

13:677d-678h/

14:63f-64a /
19:848¢c-849b

15:324f g
17:740b-f

Biographical articles in the Macropadia

(Additional biographical entries may also be found in the Micropzdia)

CURIE FAMILY 5:371
DALTON, JOHN 5:439

DAVY, SIR HUMPHRY 5:523
EINSTEIN, ALBERT 6:510
FARADAY, MICHAEL 7:173
FOURIER, JEAN-BAPTISTE-JOSEPH,
BARON 7:577

GALILEO 7:851

GAY-LUSSAC, JOSEPH-LOUIS

ALEMBERT, JEAN LE ROND D’
1:464

ARCHIMEDES 1:1087

ARISTOTLE 1:1162

ARRHENIUS, SVANTE AUGUST
2:39

BERNOULLI FAMILY 2:867

BOYLE, ROBERT 3:96

BRAGG, SIR LAWRENCE 3:101

BRAGG, SIR WILLIAM 3:102 7:968
BRIDGMAN, PERCY WILLIAMS GAUSS, CARL FRIEDRICH
3:191 7:966

CARNOT, SADI 3:945
CAVENDISH, HENRY 3:101

GIBBS, J. WILLARD 8:155
HABER, FRITZ 8:529

Division ITI. The universe: galaxies, stars, the solar system
[for Part One headnote see page 20]

The outlines, and the articles and parts of articles referred
to, in the three sections of Division III deal with the subject
matter of cosmology and cosmogony, of astronomy, and of
astrophysics.

Accounts of the complex instrumentation involved in these
disciplines are set forth in Section 723 of Part Seven. Histo-
rical and analytical studies of the nature and scope of astron-
omy and astrophysics are set forth in Section 10/32 of Part
Ten.

The outline and the articles referred to in Section 131 first
treat the structure, properties, and basic data of the universe,
and the known and postulated components of the universe.
After dealing with the phenomena and theories of gravita-
tion, the section covers celestial mechanics and the treatment
of the space-time continuum in the special and general theo-
ries of relativity. Finally, it treats theories about the origin
and dynamic evolution of the universe as a whole; theories
about the formation and evolution of the components of the
universe; the time scale of the universe; and speculations
about the possible fate of the universe.

Section 132 deals first with the external galaxies, treating
their classification and distribution, their physical proper-
ties, and their radio and X-ray emissions. It goes on to sepa-
rate treatment of the Milky Way system, of star clusters and
stellar associations, and of stars.

Section 133, after a general survey of the solar system,
separately treats the Sun, the planets, including the Earth as
a planet, and the Moon.
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Section 131. The cosmos
[for Part One headnote see page 20

for Division III headnote see page 63]

The articles and parts of articles referred to in Section 131 deal
with five main subjects: A, the structure and properties of the
universe; B, gravitation; C, celestial mechanics; D, properties of
the space-time continuum; and E, the origin and evolution of
the universe. )

The outline of subject A begins with basic data for the universe,
treating estimates of its chemical composition; the overall struc-
ture and behaviour of the universe, especially evidence that it is
expanding; the age of the universe; the structure, number, and
distribution of galaxies; and the description of the universe in
terms of the space-time continuum. It next deals with the com-
ponents of the universe: with distant galaxies, the Local Group
of galaxies, and intergalactic space, treated in detail in Section
132; with quasi-stellar sources (quasars), pulsars, and X-ray
sources, separately treated in articles referred to in this section;
and with postulated or hypothetical components of the universe,
such as neutron stars, black holes, and objects composed of
antimatter.

The outline of subject B, gravitation, begins with developments
leading to gravitational theory and to Newton’s law of gravity.
It goes on to the later introduction of potential theory, which
allows practical as well as theoretical investigation of gravita-
tional variations in space and of anomalies owing to the irregu-
larities and shape deformations of the Earth. It next treats
modern field theories of gravity and gravitational fields in the
general theory of relativity. Finally, it treats the acceleration
of gravity on the Earth’s surface and the methods of measuring
the gravitational constant, G. ‘

The outline of subject C begins with the scope and history of
celestial mechanics, covering Kepler’s laws of planetary motion
and Newton’s general laws of motion and gravitation in classical

A. The structure and properties of the universe

1. Basic data for the universe

a. The estimated chemical composition of the universe
[see also 121.D.]

b. The overall structure and behaviour of the universe:
evidence that the universe is expanding; Hubble’s law
and the theory of the red shift

c. The age of the universe
d. The structure, number, and distribution of galaxies

e. Space-time: a four-dimensional continuum used to
describe the universe

2. Cosmological models: theoretical representations of the
behaviour of the universe
[see E.1., below]

3. The known and postulated components of the universe

a. Distant galaxies
[see 132.A.]

b. The Local Group of galaxies
[see 132.A.1.c.]

c. Quasi-stellar sources: quasars

d. Pulsars

e. X-ray sources

f. Postulated or hypothetical components of the universe
i. Neutron stars
ii. Black holes
iii. Objects composed of antimatter

astronomy; modern mathematical methods; and the use of elec-
tronic computers and of space probes and satellites to perform
experiments in celestial mechanics. It goes on to the problem of
the motions of two gravitationally attracting bodies and to vari-
ous kinds of perturbations that cause the orbits of natural and
artificial satellites to deviate from ellipses. It concludes with the
classical problem of three bodies—the problem, for example,
of determining the motion of the Moon in the gravitational fields
of the Sun and the Earth—and with its modern generalization,
the n-body problem, where n may have any integral value.

Subject D is relativity theory, concerned with measurements of
the laws of nature made by different observers moving relative
to one another. The outline deals first with the theories and ex-
periments in electromagnetism that led to Einstein’s special the-
ory of relativity, and with the consequences of that theory. It
goes on to Einstein’s later general theory of relativity, which
arose from the need to extend the new space and time concepts
of the special theory from the domain of electric and magnetic
phenomena to all of physics and, particularly, to the theory of
gravitation. The outline treats the various kinds of experimental
confirmation of the general theory and the further modification
of classical concepts of space and time entailed by the general
theory of relativity.

Subject E is cosmogony—that is, theories of the origin and evo-
lution of the cosmos, or universe. The outline begins with differ-
ent theories about the origin and evolution of the universe as a
whole. It goes on to theories about the formation and evolution
of components of the universe—of galaxies, of stars, and of the
solar system. It concludes with a consideration of the methods
for determining the time scale of the universe and with specula-
tions about the remote future of the universe. )
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B. Gravitation: a universal force of mutual attraction that is
postulated as acting between all matter

1. Development of gravitational theory

a. Early concepts: the Aristotelian viewpoint; contributions
of Kepler and Galileo

b. Newton’s law of gravity
[see also 126.A.3.b.]

2. Interpretation of gravity measurements

a. Potential theory: mathematical representation of the
gravitational fields of irregular mass distributions
[see also 10/22.D.2.c.]

b. Effects of local mass differences: measurement of small
gravity anomalies

3. Modern gravitational theory and: its relation to other aspects
of physical theory )

a. Field theories of gravity: their general properties and
predictions

b. Gravitational fields and the general theory of relativity:
principles and consequences
[see D.2., below]

4. Acceleration of gravity on the Earth’s surface
[see 212.A.]

5. The gravitational constant, G: methods of measurement;
possible variation in time and space

C. Celestial mechanics
[see also 126.A.]

1. The scope and history of celestial mechanics: Kepler’s laws
of planetary motion; Newton’s laws of motion and
gravitation; modern mathematical methods; the
experimental use of electronic computers and of space
probes and satellites

2. The two-body problem and perturbations that cause the
orbits of planets and satellites to deviate from ellipses

3. The unsolved three-body problem: modern mathematical
methods for approximating solutions

4. The general n-body problem

D. Properties of the space-time continuum: the astronomical
implications of relativity theory

1. The special theory of relativity
a. Historical background: the search for the ether

b. Relativity of space and time: the concepts of length
contraction, time dilation, and universal simultaneity;
comparison of physical measurements made by observers
moving relative to one another

c. Consequences of the special theory: the limiting
character of the speed of light, relativistic mass,
invariant time intervals, the twin paradox,
four-dimensional space-time

2. The general theory of relativity

a. Use of relativity to interpret gravitational phenomena:
the equivalence of gravitational and inertial mass; the
curvature of space-time in the presence of matter as an
alternative to the concept of gravitational force

b. Experimental confirmation of the theory: the advance
of Mercury’s perihelion, the gravitational red shift, the
gravitational deflection of light, gravitational waves

c. Implications of general relativity: inhomogeneity of the
space-time continuum; the properties of strong
gravitational fields
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E. The origin and evolution of the universe

1. The evolution of the universe as a whole

a. Alternative theories of evolution: big-bang versus
steady-state models of the universe

b. The early universe: extrapolations backward in time to
the beginning of the universe

2. The formation and evolution of components of the universe:
galaxies, stars, and the solar system
[see also 132.B., 132.D., and 133.A.]

a. Galaxies

i. Origin of galaxies: theories concerning the
fragmentation and condensation of an initially
homogeneous gas cloud

ii. Protogalaxies: gravitational condensation of stars;
origin of galactic rotation and magnetic fields

iii. Evolution of galaxies: evidence concerning a possible
relation between galactic structure and evolution

b. Stars

i. Formation and evolution of stars: gravitational
collapse of protostars; initiation of nuclear reactions
that convert hydrogen to helium

ii.” Advanced stages of stellar evolution: initiation of
helium burning and other reactions; formation of
white dwarf stars, supernovae, and neutron stars

c. The solar system

i. Theories of origin from a chance encounter of stars
ii. Theories of origin from a single star

3. Time scale of the universe: dating of significant events in
the history of the universe .

4. Possible fate of the universe according to the steady-state
and evolutionary cosmologies

Section 132. Galaxies and stars
[for Part One headnote see page 20

for Division III headnote see page 63]

The articles and parts of articles referred to in Section 132 deal
with four main subjects: A, galaxies in general; B, the Galaxy,
or Milky Way system; C, star clusters and stellar associations;
and D, the stars.

The outline of subject A begins with the statistical properties
of galaxies, treating their classification, by structure or by the
type of stars providing most of their light; their distances from
Earth; and their distribution over the sky and in space. Dealing
with the physical properties of galaxies, the outline treats their
stellar populations and the variation of stellar properties with
location in galaxies; the rotation of spiral galaxies; and the
masses of galaxies. Finally, it treats radio emissions from gal-
axies and evidence of X-ray emissions from galaxies.

The outline of subject B begins with basic data about the Milky
Way—the galaxy in which the solar system and all stars visible
to the naked eye are located. It covers such things as methods
for measuring galactic distances, stellar velocities, and the ages
of the Galaxy’s components; nebulae as components of the Gal-
axy; the interstellar medium and matter; the sources of radio
waves, of infrared radiation, of X-rays, and of gamma radia-
tion; and the properties of galactic and solar cosmic rays and
their interactions with the interstellar medium, the solar wind,
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and the Earth’s geomagnetic field. The outline deals next with
galactic structure and dynamics, covering the geometry of the
Galaxy, its spiral structure, the magnetic fields in it, and its rota-
tion. Finally, the outline treats cosmological theories about the
formation and evolution of the Galaxy.

Subject C is star clusters, organizations of stars held together
by the mutual gravitational attraction of the members, which
are physically related through common origin; and, related to
star clusters, groups called stellar associations, which are loose
groupings, in space, of stars of common origin, without sufficient
total mass in the group to remain together as an organization.
The outline deals first with the two general classes of star clus-
ters—globular clusters, which are old systems containing thou-
sands to hundreds of thousands of stars closely packed in a
symmetrical, roughly spherical form; and open clusters, con-
taining from a dozen to many hundreds of stars, usually in an
asymmetrical arrangement. It goes on to the characteristics of
stellar associations and then to the relationships and significance
of the clusters and associations in the Galaxy as a whole. Finally,
it treats what is known of star clusters in galaxies external to the
Milky Way system.

Subject D is stars—massive, self-luminous objects, emitting



radiation derived from internal energy sources. The outline be-
gins with the identification and nomenclature of the stars and
with modern astronomical maps and catalogs. Dealing with ob-
servable stellar characteristics, the outline covers stellar positions
and motions; the apparent luminosity of the stars; and a star’s
spectrum as containing information about its temperature, chemi-
cal composition, and intrinsic luminosity. Dealing with derived,
or calculated, stellar characteristics, it covers intrinsic stellar
brightness; stellar masses, diameters, and temperatures; and the
average characteristics of main-sequence, or dwarf, stars. The
outline goes on to variable stars—geometric variables, stars from
which the amount of light reaching the observer alters because

A. Galaxies in general

1. Statistical properties
a. Classification of galaxies

b. The extragalactic distance scale: observational methods
of determining the distances to galaxies

c. Distribution of galaxies: counts per unit area of sky;
numbers and distribution in depth; clusters of galaxies;
the Local Group

2. Physical properties

a. Galactic stellar populations and evolution: variations of
stellar properties with location in galaxies

b. Rotation of spiral galaxies: the direction of rotation and
the persistence of spiral structure

c. Masses of galaxies

d. Peculiar galaxies: galaxies with unusual structure or
properties

3. Radio emissions from galaxies

a. Line radiation from sources in nearer galaxies

b. Continuum radiation: thermal radiation produced by hot
gas clouds; synchrotron radiation produced by charged
particles accelerated in magnetic fields

¢. Radiation from violent events in the nuclei of galaxies
4. X-ray emissions from galaxies

B. The Galaxy: the Milky Way system

1. Distance determinations in the Galaxy: the parsec, the basic
unit of measure of galactic distances

2. Stellar velocities: the motions of stars with respect to the
Sun and the motion of the Sun with respect to the Local
Standard of Rest (LSR)

3. The stars and star clusters nearest the Sun: the Galaxy in the
neighbourhood of the Sun

4. The classification of stars according to Hertzsprung-Russell
diagram: the concept of stellar populations; the ages of
components of the Galaxy

5. The galactic composition: the stars and interstellar materia1§ .

sources of electromagnetic and particulate radiation

a. The stellar populations: extreme population I, older
population I, the disk population, intermediate
population II, halo population IT

b. Nebulae

i. Structure, physical properties, and spectra of nebulae

ii. Diffuse, dark, and reflection nebulae
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of changes in the stars’ positions; and intrinsic variables, stars
that have total energy outputs that fluctuate with time. The out-
line next deals with important generalizations concerning the -
nature and evolution of stars, made from correlations between
observable properties and from certain statistical results. Dealing
with stellar structure, it treats the variations of temperature with
depth in stellar atmospheres; calculations of the internal struc-
ture of stars; and calculations of energy generation in stars.
Finally, dealing with stellar evolution, the outline treats the life
history of a typical star, together with estimates of stellar ages;
the formation of chemical elements in stars; and the probable
fate of a star—as white dwarf, pulsar, or black hole.
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ii. Radio observations of the interstellar medium
' [see d., below] .
iii. The structure of the interstellar medium: distribution 9:797d-798¢c
of matter in the various galactic regions
iv. Interrelation between stars and the interstellar 9:798d-799¢ 9:582c—f/18:1009g-1010a
medium; e.g., the association of T Tauri stars with
circumstellar dust, evidence for star formation from
interstellar matter
v. Chemical composition, temperature, and density of 9:799d-800a 14:509d-¢
the interstellar medium
d. Radio sources RADIO SOURCES, 7:841d-842c/
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9:794f-797d
i. The radio continuum: contributions from various 15:470g-471b/ 7:841d-f
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iii. Interstellar molecules; e.g., hydrogen, hydroxyl 15:471d-472b/ 7:841h-842¢c
radicals, water, carbon monoxide, formaldehyde 9:796¢c-797¢ ‘
iv. Discrete sources; e.g., the galactic centre, supernova 15:472¢-474b/ 2:243f-244a
remnants, pulsars 9:797c-d/
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15:266d-267g
e. Sources of infrared radiation; e.g., T Tauri stars, INFRARED 7:842d-g
planetary nebulae SOURCES,
ASTRONOMICAL
9:580-583
f. Sources of X-rays and gamma rays 7:842h-843a/
19:1065¢c-1067f
g. Cosmic rays: possible galactic sources COSMIC RAYS
5:200-208 )
i. Detection of cosmic rays 5:201b-202¢g
ii. Properties of galactic and solar cosmic rays 5:202g-205a/
9:787d-g
iii. Origin of cosmic rays 5:205b-e
iv. Interactions of cosmic rays with the interstellar 5:205f-206e 9:794g-h
medium, the solar wind, and the Earth’s geomagnetic
field
[see also 221.A.4.b.iv.]
v. Bombardment of the atmosphere and other matter 5:206f—208f 19:21h-22c
by cosmic rays: the production of secondary particles
and radioactive isotopes; the decay of unstable
particles; the occurrence of air showers
6. Galactic structure and dynamics 7:843a-847d
a. The spatial structure of the Galaxy: the galactic 7:843a-c
coordinate system and the dimensions of the Galaxy
b. Regions of the Galaxy: the galactic plane, the galactic 7:843d-844e/
halo, the galactic centre, and the spiral arms 9:797d-798¢c/
: 12:932c—¢ ]
c. Magnetic fields in the Galaxy: their origin and their 7:844f-845b / 10:794g-h
effects on cosmic rays, radio waves, and light 5:204a—c/
9:796a— .
d. The structure of the Galaxy as a whole: the distribution 7:845b-846a 9:795b-g
and motions of clouds of neutral hydrogen.
e. The rotation of the Galaxy: the differential rotation of 7:846b-847d
stars and gas about the galactic centre
7. The origin and evolution of the Galaxy 7:847d-849b
[see also 131,E,2.] )
a. Formation of the Galaxy: evidence concerning the 7:847d-g

alternative cosmological theories



C.

D.

b. Galactic evolution

i. Hydromagnetic and gravitational theories of the
formation of spiral structure

ii. Chemical evolution: the problem of the distribution
of heavy elements

iii. Star formation: theories concerning the gravitational
condensation of galactic dust and gas clouds

Stai clusters and stellar associations

1. Globular clusters: systems containing thousands to
hundreds of thousands of old stars in a symmetrical,
roughly spherical form

2. Open clusters: systems containing a dozen to hundreds of
stars, usually in an unsymmetrical arrangement

3. Stellar associations: systems containing a few dozen to
hundreds of stars of similar type and common origin

4. Relationship of clusters to the Galaxy: the formation and
dispersion of clusters and their locations in the Galaxy

5. Clusters in external galaxies

Stars

1. The identification and nomenclature of the stars

a. The celestial sphere and celestial coordinate systems

b. The constellations and other sky divisions
c. Star names and designations
d. Modern star maps and catalogs

2. Observable stellar characteristics

a. Stellar positions and motions

b. The apparent brightness or apparent luminosity of the
stars: the UBv and other systems
i. Stellar colours
ii. Stellar magnitude systems

c. Stellar spectra
[see also 112.C.]

i. The general nature of stellar spectra: spectral lines
and bands, continuum spectra, physical principles of
spectrum formation

ii. Spectral classes: their relation to stellar temperature
and chemical composition

iii. Effects of density, luminosity, and other factors on
stellar spectra: unusual stellar spectra

3. Derived, or calculated, stellar characteristics

a. Intrinsic stellar brightness: absolute magnitudes and
total luminosities

b. Stellar masses
c. ‘Stellar diameters

d. Stellar temperatures

e. The average characteristics of main-sequence, or dwarf,
stars
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4. Stellar variability
a. Geometric variables; e.g., eclipsing binaries

b. Intrinsic variables

i. Pulsating stars; e.g., Cepheid, RR Lyrae, and Beta
Canis Majoris variables

ii. Explosive variables; e.g., novae, supernovae, and
novalike variables

5. Statistics of stars

a. Correlations between luminosity, spectrum, mass, and
radius: the Hertzsprung—Russell diagram and other
relations

i. Relation between the number of stars and their
luminosities

ii. Mass-luminosity correlation
b. Statistics of binary star systems

c. Statistics of special types of stars; e.g., white dwarfs, T
Tauri stars, flare stars, radio and X-ray stars

6. Stellar structure
a. Stellar atmospheres
b. Internal structure of stars

i. Relationships obtained from physical laws: theoretical

determination of the variation of pressure,
temperature, and density with depth

ii. Energy generation in stars: thermonuclear reactions in

stellar interiors

7. Stellar evolution
[see also 131.E.2.]

a. The life history of a typical star

i. Formation of a protostar by gravitational contraction

ii. Attainment of the main sequence: the hydrogen-
burning stage of stellar development

iii. Evolution away from the main sequence: helium
burning and other reactions

iv. Estimates of stellar ages: differences in the terminal
stages of stellar evolution caused, for example, by
differences in stellar mass, rate of rotation, chemical
composition

b. Formation of chemical elements in stars

c. Probable fate of a star: white dwarfs, pulsars, and black
holes

Section 133. The solar system
[for Part One headnote see page 20

for Division III headnote see page 63]

The articles and parts of articles referred to in Section 133 treat
five main subjects: first, A, a survey of the solar system as a
whole; and then, separately, B, the Sun; C, the planets and their
satellites; D, the Earth as a planet; and E, the Moon.

The outline of subject A begins with the size of the solar sys-
tem, which is defined as extending to the orbit of the outermost
known planet, Pluto, and with a comparison of distances within
the solar system to interstellar distances. It goes on to a general
comparison of the properties of the nine major planets and of
the thirty-one satellites of six of them. It next covers other con-
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stituents of the solar system: the minor planets, or asteroids; the
comets; meteors, meteorites, and tektites; and the components of
the interplanetary medium. It next treats the regularities and the
interactions among various bodies in the solar system and con-
cludes with the two general types of theories about the origin of
the solar system.

The outline of subject B begins with the Sun’s surface layers and
their features that are characteristic of the quiet Sun. It treats the
photosphere, the visible luminous surface of the Sun; the chromo-
sphere, the Sun’s inner atmosphere, forming a transition zone



between the photosphere and the corona; and the corona, the
luminous, high-temperature, rarefied gas envelope of the Sun.
The outline goes on to the active Sun, to solar features that
occur with increased frequency during the active phase of the
solar cycle. It treats centres of activity, areas of localized strong
magnetic fields at the Sun’s surface; the nature of sunspots and
sunspot cycles; and such other features as faculae, prominences,
flares, and coronal condensations. In conclusion, the outline
treats energy generation in the solar interior and the evolution of
the Sun, the various kinds of solar radiation, and solar—terrestrial
relationships and interactions.

Subject C is the planets and their satellites. The articles referred
to separately treat Mercury, Venus, Mars, Jupiter, Saturn, Ura-
nus, Neptune, and Pluto. The Earth as a planet is subject D.

The outline of subject D begins with the distance of the Earth
from the Sun, the orbital motion of the Earth around the Sun,
and the rotation of the Earth on its axis. It then deals with the
effects of the Earth’s orbital position and speed on astronomical
observations, articles being referred to that separately treat astro-

A. A survey of the solar system

1. The Sun
[see B., below]

2. Size of the solar system: the astronomical unit and the
comparison of distances within the solar system to
interstellar distances

3. The major planets and their satellites: their sequence;
comparison of their properties
[see also C., below]

4, Other constituents of the solar system
a. Minor planets, or asteroids

i. History of discoveries up to the early 1970s
ii. Naming of minor planets
iii. Statistics of minor planets
iv. Theories of origin
b. Comets

i. History of observations of comets
ii. Comet orbits
iii. Observed characteristics and structure

iv. Theories of the origin and evolution of comets
¢. Meteors and meteoroids
d. Objects recovered on the Earth that have either a
certainly extraterrestrial or a possibly extraterrestrial
origin
i. Meteorites: objects of stone and nickel-iron that
originate in interplanetary space

ii. Tektites: glassy objects that are probably of lunar or
terrestrial origin

e. The interplanetary medium

i. Its components; e.g., dust particles, electromagnetic
fields, cosmic rays

ii. Phenomena caused by the interplanetary medium;
e.g., zodiacal light, gegenschein, noctilucent clouds

iii. The direct detection of interplanetary components

5. Regularities of the solar system: the distances of the planets
from the Sun and the distribution of natural satellites

6. Interactions among various bodies in the solar system:
gravitational perturbations and actual physical encounters
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nomical parallax and the aberration of light. Finally, indication
is made of the sections in Part Two that treat the Earth’s origin;
its atmosphere, hydrosphere, and surface features; the structure
and composition of its interior; and its physical properties.

The outline of subject E begins with the basic data for the
Moon—its shape, radius, mean density, and varying brightness.
After dealing with the apparent and actual motion of the Moon,
it treats the basic gravitational properties and gravity anomalies
of the Moon. It goes on to the physical nature of the Moon, cov-
ering knowledge of lunar craters, lunar lineaments, lunar soil
and other surface material—knowledge gained by observations
from Earth and space vehicles, from remote lunar photography,
from manned lunar landings, and from close-up photographs.
It next treats evidence concerning, and theories about, the origin
and evolution of the Moon. Finally, it deals with the Sun—Earth—
Moon system, covering the relative motions of the Sun, Earth,
and Moon; eclipses of the Sun and Moon and the related phe-
nomena of occultation and transit; and the causes and character
of tides in the Earth’s hydrosphere, atmosphere, and lithosphere.
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7. Theories of the origin of the solar system
[see also 131.E.2.]

a. Origin by an orderly process of evolution; e.g.,
Laplace’s nebular hypothesis

b. Origin by catastrophe; e.g., by the encounter of the Sun
and another star

B. The Sun

1. The Sun’s surface layers and their features: the quiet Sun

a. Solar data derived from observations of the photosphere,
the visible luminous surface of the Sun

i. Granulation and limb darkening
ii. The Sun’s temperature, rotation, and sphericity
iii. The chemical composition and spectrum of the Sun

b. The chromosphere, the relatively transparent layer that
forms a transition zone between the Sun’s photosphere
and corona: the flash spectrum, spicules, and
supergranulation

c. The corona, the luminous, high-temperature, rarefied gas
"~ envelope of the Sun

i. Form, structure, and physical properties
ii. The solar wind

. Solar features that occur with increased frequency during
the active phase of the solar cycle: the active Sun

a. Centres of activity: areas of localized strong magnetic
fields at the Sun’s surface .

b. Sunspots: their physical nature and the sunspot cycle of
about 11 years

c. Other features; e.g., faculae, prominences, flares,
coronal condensations

. The solar interior: energy generation and the evolution of

the Sun
[see also 132.D.7.]

. Solar radiation, including light, radio waves, and particles

. Solar-terrestrial relationships and interactions

. The planets and their satellites
1. The terrestrial planets

a. Mercury

i. Its orbit, mass, and radius

ii. Effects of its proximity to the Sun: the advance of its
perihelion and its transits

iii. Its rotation and the apparent motion of the Sun
in its sky
iv. Its surface conditions and possible surface material
v. Its synodic period and the length of its solar day

b. Venus

i. Its period of rotation
ii. Its atmosphere and clouds
iii. Its magnetic field, radiation belts, and ionosphere
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iv. Its microwave emissions and their observation and
interpretation

v. Its surface conditions and their relation to
possible life

c. Earth .
[see D., below]

d. Mars

i. Its basic phenomena: orbital motion and general
appearance, diurnal and seasonal activity

ii. Its surface: topographic features, physical properties,
and possible composition

iii. Its polar caps: seasonal behaviour and possible
composition

iv. Its atmosphere
v. Its interior
vi. Its satellites
vii. Its possible suitability for life

2. The minor planets, or asteroids
[see A.4.a., above]

3. The giant planets and Pluto
a. Jupiter
i. Its outer layers: the atmosphere, clouds, and Great
Red Spot
ii. Its interior
iii. Its satellite system
iv. Its gravitational influence
v. Theories of the origin of the Jovian system
b. Saturn

i. Its orbit
ii. Its surface
iii. Its mass, density, and probable composition
iv. Ttsrings '
v. Its satellites
c. Uranus

i. Its discovery
ii. Its orbit
iii. Its visual appearance and spectrum
iv. Its mass, radius, density, and probable composition
v. Its satellites
d. Neptune

i. Its discovery
ii. Its appearance and constitution
iii. Its rotation and diameter
iv. Its satellites
e. Pluto

i. Its discovery
ii. Its orbit and variable brightness
iii. Its mass, diameter, density, and possible atmosphere

D. The Earth as a planet

1. The distance of the Earth from the Sun: the astronomical
unit and solar parallax
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E.

. The orbital motion of the Earth around the Sun and the

rotation of the Earth on its axis: the year, the day, the

precession of the equinoxes
[see also E.6.a., below]

. Effects of the Earth’s orbital position and speed on

astronomical observations

a. Astronomical parallax

b. Aberration of light

. The Earth’s magnetism, temperature, and other physical

properties
[see 212]

. The structure and composition of the Earth’s interior

{see 213]

. The origin of the Earth, its atmosphere, hydrosphere, and

surface features
[see 232, 241]

The Moon

1. Basic data for the Moon: its shape, radius, mean density,

and varying brightness

2. The motion of the Moon

a. The apparent motion

i. The month: the sidereal and synodic periods of the

Moon
[see 6.a.ii., below]

ii. . Optical and physical librations
b. The actual motion

i. Analytical and numerical lunar theory: the
mathematical treatment of the Moon’s geocentric
motion

ii. Interpretation of small irregularities in the motion -

. The mass and gravitational field of the Moon

a. Underlying theory: basic gravitational properties of the
Moon

b. Discovery of lunar mascons: gravity anomalies on the
Moon

4. The physical nature of the Moon: selenology

a. Observations from Earth and from space vehicles:
results of remote lunar photography, manned lunar

landings, and close-up photography
[see also 738.C.3.]

b. Types of lunar feature

i. Lunar craters

ii. Lunar lineaments; e.g., mare ridges, the lunar grid
system, rilles

iii. Temporary or transient features

iv. The lunar soil and other surface material: analysis of
reflected and emitted radiation

c. Theories of origin of the Moon’s surface features: the
volcanic and impact theories

5. The origin and evolution of the Moon

a. Probable development of the Moon’s orbit

b. Evidence from the composition and physical properties
of the Moon: interpreting the lunar geological record

c. The “‘circumterrestrial swarm’ theory: the theory that
the Moon accreted from silicate material that condensed
in the Earth’s early atmosphere
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6.‘ The Sun—-Earth—-Moon system
a. Relative motions of the Sun, Earth, and Moon

i. The geometry of the Sun-Earth-Moon system: the
celestial equator; the apparent motion of the Sun
along the ecliptic; the inclination of the Earth’s axis

ii.

b. Eclipses of the Sun and Moon

i. Phenomena observed during eclipses
ii. Geometry of eclipses, occultations, and transits
iii. Frequency of solar and lunar eclipses
c. Tides

to its orbit

Motions of the Sun-Earth-Moon system as the
astronomical basis of chronology: the day, month,
and year; the Sothic cycle, Metonic cycle, and other

complex cycles

i. Causes of tides

ii. Tides in the Earth’s hydrosphere, atmosphere, and

iii. Tides in the Moon and other astronomical bodies and

lithosphere
[see also 223.B.3.]
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Introduction to Part Two:

The great globe itself
by Peter J. Wyllie

We all have a sense of awareness and appreciation of the
Earth; we all admire the scenery. One of the rewards of
studying and understanding the Earth is the development
of this sense to a greater extent. This development brings
us closer to nature, closer to an awareness of some tran-
scendental power, closer to God if we choose to define God
in these terms. To “commune with nature” is to seek peace,
but of course the Earth is not always peaceful and benev-
olent; sometimes it is powerful and savage. Even cities, the
culmination of man’s domination of the landscape, are not
immune to the ravages of nature. They have been devas-
tated by floods, wracked and ripped by tornadoes and hur-
ricanes, ruined by ash or lava from volcanoes, and. demol-
ished by earthquakes. These events, too, we wish to under-
stand.

Man’s appreciation of the Earth begins with physical con-
tact. This immediate experience of the senses is followed
by the spiritual desire and need to understand where the
Earth and its human observers came from, and why. The
third stage of appreciation comes from scientific analysis
and interpretation. Before we examine the relationship be-
tween man and the Earth in more detail, we should con-
sider our position in the solar system and the universe.

Human civilization has developed and flourished in a
small niche in space. Our home is perched on the surface
of a sphere, enormous to us but tiny compared to the uni-
verse, that spins around its axis once each day while mov-
ing at a fantastic speed around the Sun, completing an or-
bit once each year. Although normally unaware of it, we
too are spinning and moving at the same speed as the
Earth, but we are held securely on the surface by the gravi-
tational attraction of the mass of rocks beneath us.

The Sun, a huge globe of burning gas, provides the en-
ergy that fuels the activities and processes of our immediate
environment, the boundary layer between the rocky surface
of the Earth and the fluid envelope of air and water that
separates the Earth from the starkness of space. The air
and water nurture life and simultaneously protect it from
the potentially damaging radiation and particles that ap-
proach the Earth from other parts of the solar system and
beyond.

A view of the Earth from space differs markedly from
what we see from within our own restricted environment at
the Earth’s surface. From where we stand, it appears that
the Sun, the Moon, and the stars are moving in great arcs
around the Earth, and it was once believed that this was
the way of the universe. Man on his world was surely the
centre of all things. But we know now that this is only a
relative picture; although the Moon does orbit the Earth,
the Earth-Moon system moves around the Sun, which is it-
self speeding through the universe.

We exist because the Earth exists, and we claim the Earth
as our own by referring to it as Mother Earth, the univer-
sal provider. The Earth provides all of our material needs
and satisfies some of our spiritual needs: “I will lift up mine
eyes unto the hills, from whence cometh my help.” A day
in the mountains, at the seashore, or in the countryside

sharpens that sense of awareness of the Earth which was
compared above with an awareness of God.

Since he first appeared on Earth, man has wondered at
nature’s awesome beauty, and trembled at its indomitable
power. The dread engendered by the physical experience of
nature on the rampage, in storms, floods, or earthquakes,
has shaped the development of primitive religions. Mystical
or sacred attributes were assigned to natural objects and
phenomena, and ceremonies were devised to honour and
placate the unknown powers. Modern man has become in-
creasingly insulated from his natural surroundings, partly
because he is separated from them by masses of concrete,
partly because scientific investigation tends to dispel the
mystery of nature. This is not to imply that no problems
remain to be solved, but we have learned enough to be rea-
sonably sure that all are ultimately explicable in terms of
rational science. Therefore, we no longer feel the need to
populate the sky, mountains, trees, and winds with gods,
spirits, and souls. But we can still enjoy the sensuous and
spiritual appreciation of the Earth, and retain or rediscover
the intimacy with our natural surroundings that was ex-
perienced by primitive man.

One of the appealing aspects of Earth study is that wher-
ever we go, our favourite subject is right there with us.
There is always something new to be seen, to be admired,
or to be examined in detail. While travelling in a commer-
cial airliner, a meteorologist can examine the upper portions
of the clouds as a change from his normal ground-based
view and can track the flight right through the fronts and
the high- and low-pressure regions charted on the news-
paper weather map in his lap. An oceanographer flying over
the coastline can see at a glance the large-scale patterns in
the waves rolling shoreward, and the effect of coastal prom-
inences on these patterns. A geologist peering through the
plane window can examine the distribution of hills and val-
leys laid out below him, gaining a bird’s-eye view to sup-
plement the pattern of features that he had previously seen
only on maps. These pleasures are not reserved for the pro-
fessional Earth scientist. Anyone can observe the Earth and
Earth processes in action, almost anywhere.

Man is a curious species; he needs to know how and why
things happen. The simple, visual pictures of nature are
beautiful, awe-inspiring, and on occasion terrifying, but
they can be more satisfying if they invoke a series of addi-
tional images. Just as one’s appreciation of any work of art
is enhanced by knowing something of the artist and his
position in art history, so one’s appreciation of nature’s pic-
tures is enhanced by knowing something about natural his-
tory. For a full appreciation of the splendour of mountain
peaks rising abruptly from the plains, reaching for the puffs
of cloud that ride above them, we need to know something
of the processes that raise mountains—or were they always
there? We need to know something of the winds that carry
moisture from the oceans to the skies, because we see that
the clouds come, change their shapes, and then disappear.
We can gain a great deal by learning a little about the sci-
entific approach to appreciation of the Earth. And it is not
at all difficult for the nonprofessional to read about and to
understand many of the necessary concepts.

Two of the most troublesome concepts are time and size
—dimensions that distinguish the Earth sciences from any
other Earth-bound subject. It is very difficult for us to grasp
the meaning of the statement that the Earth formed 4,600,-



000,000 years ago. Similarly, the enormous volume of wa-
ter in the oceans or the volume of rocks in a mountain
range almost defy comprehension. We have been consider-
ing the Earth and scenery as it is exposed to us at the pres-
ent. But when we study the Earth, we realize that the
present scenery is merely a transient feature in the immense
span of geological time. Early students of the Earth were
hampered by the belief ‘that the Earth was only a few thou-
sand years old. Many of them were seeking answers to two
recurrent questions that we find throughout human history.
How and when was the Earth formed? How and when was
man formed? Attempts to answer these questions are re-
sponsible for many myths and religions in various cultures,
both ancient and modern.

In the early part of the 19th century the study and inter-
pretation of rocks led geologists to conclude that the Farth
must be of far greater antiquity than the age implied by a
literal interpretation of the Bible. They realized that the
layers of rock now exposed at the surface contain records
of the history of the Earth during the times that each layer
was formed. One major branch of the Earth sciences is de-
voted to the discovery, translation, and interpretation of the
“record of the rocks.” Many rock layers enclose fossils, and
these remnants of animals and plants serve as illustrations
in the historical book of nature, making it possible to trace
the development and changes of species through time.

Fossil hunting has been a popular pastime for many gen-
erations. With a little experience and a little knowledge, an
amateur fossil hunter can add interpretation to his discov-
eries. From a few fossil shells and corals in a limestone, he
can reconstruct in his mind’s eye the whole flourishing com-
munity of life that once existed on a coral reef, now frozen
into the rock record. A piece of coal, with fossil imprints
of leaves, ferns, and other plant remains from which the
coal was formed, can conjure up a picture of a luxuriant
swamp of 300,000,000 years ago, populated by strange
beasts long since vanished from the Earth. The history of
the Earth, the evolution of life, and the origin of man, at
least in part, are preserved in the rocks. It is here that
fundamentalists still supporting “creationism” will find
much evidence for the evolution of life forms, if they care
to examine it. This aspect of Earth study has almost uni-
versal appeal. Earth history and human history overlap in
archaeology, and the records of early civilizations exposed
in excavation sites always excite public curiosity.

The scientific approach to the appreciation of nature in-
forms us that the key to interpretation of the past history
of the Earth from the record of the rocks lies in processes
occurring at the present time. These processes have been
grouped into great cycles. Two of the most important are
the hydrologic cycle, concerned with the circulation of wa-
ter, and the mountain-building cycle.

The oceans constitute a vast reservoir for the hydrologic
cycle. The atmosphere and the oceans are in constant mo-
tion, driven by the energy from the Sun and the rotation
of the Earth. Masses of humid air, carrying water that has
evaporated from sun-drenched tropical oceans, migrate to
cooler latitudes where the water is precipitated as rain or
snow, and thus returned to the ocean reservoir either di-
rectly or indirectly, over or through the ground. The mov-
ing air masses and ocean currents bring to the continental
masses rain or drought, heat or cold, making them hospita-
ble, habitable, or uninhabitable for human colonies. Minor
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changes in atmospheric circulation have converted fertile
plains to barren deserts and caused major changes in the
development of ancient civilizations.

The hydrologic cycle shapes our local environment. The
features that we know collectively as scenery are produced
mainly by flowing water, although ice, wind, and solar en-
ergy also contribute. The force of gravity and the rivers
together carry the products of weathering downhill to the
ocean reservoir. The average rate at which the surface of
the land is being worn down and the land dispersed into
the oceans is a trivial 1.5 inches per 1,000 years, but the
dimension of geological time gives significance to small
numbers. At this rate, all of the continents would be worn
down to sea level within 20,000,000 years. This means that
during the 4,600,000,000 years since the Earth was formed,
the continents could have been worn down to sea level at
least 200 times. By now there should be no land rising
above sea level, but we still see high mountains.

The mountains exist and persist because the effects of the
hydrologic cycle are offset by the mountain-building cycle.
Forces within the Earth cause large regions of the surface
to rise very slowly, imperceptibly in human terms. Imper-
ceptible, that is, until an earthquake signals an abrupt
movement in the continuing process of mountain building.
While some parts of the Earth rise other regions sink. This
slow thythm has been termed “the pulse of the Earth.” Al-
though we do not understand the details of what is happen-
ing within the Earth, we are now confident that internal
forces are responsible for shaping the major features of the
Earth’s surface, such as the distinction between continents -
and ocean basins, and the persistence of mountain ranges
on the land and beneath the ocean. The detailed sculpture
of the surface results from the conflict between the moun-
tain-building cycle and the hydrologic cycle.

The internal forces do more than cause the land surface
to rise and fall; they cause the land to move sideways, as
well. It is now generally believed by most scientists that the
continents drift. There is persuasive evidence that the sur-
face of the Earth is covered by a small number of very
large shell-like plates, about 60 miles thick, across which
the continents are scattered rather like logs frozen into the
ice on a lake. The rigid shells of rock slide over the Earth’s
interior, carrying the continents with them, and grinding
against each other along their edges like ice floes. The
plate boundaries are sites of geological activity: earthquakes
and volcanoes are concentrated along them. Because of
these movements, supercontinents have been rifted apart,
and ocean basins have opened, expanded, and closed again
as continents collided. Continental collisions have thrust up
great mountain ranges such as the Himalayas. The conti-
nents are drifting still at rates of an inch or two per year:
the Atlantic Ocean is increasing in size, and the Pacific
Ocean is becoming smaller. Most people are fascinated by
the theory of continental drift. The theory is aesthetically
pleasing, and it also has practical applications.

What stokes the subterranean fires that drive the Earth’s
engine, causing continental drift, mountain building, vol-
canic eruptions, and earthquakes? We have no satisfactory
answer to this question, but we do know that an enormous
amount of energy is involved in the activity along the plate
margins. One major earthquake releases more energy than
a hydrogen bomb. Modern man is a powerful animal,
thanks largely to his exploitation of the Earth for materials
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and energy, and he dominates the landscape like no species
before him. He feels reasonably secure in his command of
the environment while sitting in the city, because the land-
scape is largely a product of his industry, and it is clearly
subservient to his wishes and his computer-operated con-
trol panels. But when the Earth releases a minute fraction
of its internal energy in a major earthquake, man becomes
helpless. All control is lost while the surface of the Earth
rises and falls in solid waves.

Man cannot live in harmony with his environment during
an earthquake. It has become clear, however, that he must
learn to do so at other times if he is to avoid the dire pre-
dictions of those who evaluate such factors as projected
world populations, the material and energy resources of the
Earth, projected rates of consumption of these resources,
and the volume and toxicity of waste materials discarded.
We live in a restricted environment with finite space and
resources, and we have become a force producing major
modifications in the environment at rates very rapid com-
pared with normal rates of Earth evolution. Social deci-
sions about the continued exploitation of the Earth should
be made with full information about the problems, and so-
cial decisions are based on votes, in theory at least. This
alone is sufficient reason for any intelligent person to in-
form himself about the Earth, quite apart from the fascina-
tion of the subject, because his future depends upon it.



Part Two. The Earth

The outlines, and the articles and parts of articles referred to, in the thirteen
sections, grouped in four divisions, of Part Two treat the Earth’s properties,
structure, and composition; its atmosphere and hydrosphere; its surface fea-
tures; and its history.

Several points about the relations of this part to other parts should be
noted. The-consideration here of the Earth’s physicochemical properties pre-
supposes the physical and chemical knowledge and theories set forth in Part
" One. Knowledge of the Earth is in turn presupposed by Parts Three, Four,
and Five, which are concerned with Life on Earth, Human Life, and Human
Society, respectively. The several Earth sciences have themselves been the
objects of historical and analytical studies concerned with their nature, scope,
methods, and interrelations. These studies are set forth in Section 10/33 of
Part Ten. The instrumentation used in the Earth sciences is dealt with in
Section 723 of Part Seven.

The outlines and the articles referred to in the four sections of Division I
treat the orbital motions and the figure of the Earth; its physical properties;
the structure and composition of the Earth’s interior; and the Earth’s con-
stituent minerals and rocks.

In Division II the subjects are the Earth’s atmosphere; its hydrosphere; the
motions of the sea; and weather and climate.

In Division III the subjects are the basic physical features of the Earth’s
surface and the features produced by geomorphic processes acting on the
Earth’s surface.

In Division IV the subjects are the origin and development of the Earth
and its envelopes; the interpretation of the geological record; and the eras
and periods of geological time.

Division I. The Earth’s properties, structure, and composition 79
II. The Earth’s envelope: its atmosphere and hydrosphere 92

III. The Earth’s surface features 104

IV. The Earth’s history 115

Division I. The Earth’s properties, structure, and
composition

The outlines, and the articles and parts of articles referred Section 211. The planet Earth
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stituent minerals and rocks. 214. The Earth’s constituent minerals and rocks 85

The outline and the articles referred to in Section 211 deal
with the orbital motions of the Earth and with the figure of
the Earth.

Section 212 treats the Earth’s gravitational properties; the
Earth’s magnetic, electrical, thermal, and mechanical prop-
erties; and the properties of Earth materials and their
deformation.

Section 213 treats the basic divisions of the solid Earth;
the causes, distribution, magnitude, motion, and energy of
earthquakes; and the geophysical and geochemical evidence
used to infer the structure and composition of the Earth’s
interior.

Section 214 treats the mineral constituents of the Earth;
the rocks that comprise the Earth’s crust; and the geo-
chemical distribution of elements in the Earth.

Section 211. The planet Earth

Tl}e articles ?nd parts of articles rc‘eferred to in Section 211 deal —the revolution of the Earth about the Sun and the rotation of
with two main subjects: A, the orbital motions of the Earth; and the Earth on its axis. The outline goes on to treat the forces and

B, the figure of the Earth.

dynamical effects related to the rotation of the Earth.

The outline of subject A treats the orbital motions of the Earth The outline of subject B begins with the definition of the figure
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of the Earth as the size and shape of a hypothetical surface,
called a geoid, the mean sea-level surface and its continuation
under the land. It goes on to the historical development of im-
proved approximations to the Earth’s figure. It next deals with

A. The orbital motions of the Earth

1. The revolution of the Earth about the Sun and the rotation
of the Earth on its axis

2. Forces and dynamical effect related to the rotation of the
Earth

a. The Coriolis force that modifies the atmospheric and
oceanic circulations

b. The centrifugal force that produces the Earth’s
equatorial bulge

c. Deceleration of the Earth’s rotation as a result of tidal
friction

B. The figure of the Earth

1. The conventional definition of the figure of the Earth: the
geoid

2. Reference figures or models of the Earth: the historical
development of improved approximations to the Earth’s
size and shape

a. The spherical model
b. The ellipsoidal model

c. The geoidal model

3. The world geodetic system: the measurement of geodetic
parameters

a. The astrogravimetric method: the use of gravity data and
the Geodimeter

b. Satellite measurements: analysis of satellite orbits;
satellite triangulation

c. Correlation of data from different methods
4. International reference systems

a. Current definitions and values: the adoption of standard
reference figures

b. Recent developments: precision measurements and their
implications concerning global structure and processes

Section 212, The Earth’s physical properties
[for Part Two headnote see page 79

for Division I headnote see page 79]

The articles and parts of articles referred to in Section 212 deal
with six main subjects: A, the Earth’s gravitational properties;
B, the Earth’s magnetic properties; C, the Earth’s electrical
properties; D, the Earth’s thermal properties; E, the Earth’s
mechanical properties; and F, the properties of Earth materials
and their deformation.

The outline of subject A begins with the factors that determine
the gravitational field at the Earth’s surface, especially the effects
of the Earth’s rotation and of its increase in density toward its
centre. After dealing with the three principal systems for measur-
ing the gravitational acceleration of the Earth, the outline goes
on to inferences about the properties of the Earth’s interior based
on interpretations of gravity data. Here, it first treats the theory
of an isostatic balance between the elevation of the Earth’s surface
and the density of the rocks below. It then deals with local, re-
gional, and large-scale irregularities in the gravitational field.

The outline of subject B begins with the mapping of the Earth’s
main magnetic field in terms of the elements of intensity, dip,

the methods used before and since satellite measurements for
establishing a world geodetic system. Finally, it treats current
definitions and values in international reference systems, and re-
cent developments in geodesy.
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and declination, and with the secular variations in that field. It
goes on to treat the periodic solar and lunar daily magnetic
variations; the geomagnetic disturbances of large amplitude called
magnetic storms; and transient variations caused by electric
currents on or near the Earth’s surface. It next deals with
theories of the origin of the main geomagnetic field, theories that
also try to account for its secular variation. It concludes with
efforts to determine the behaviour of the Earth’s magnetic field
through geological time, from the study of ferromagnetic rocks.

The outline of subject C, the Earth’s electrical properties, treats
the currents produced by the motion of charged particles in the
Earth’s ionosphere; the variation with depth of the electrical
properties of the solid Earth; and electric currents within the
Earth, those induced by variations in the geomagnetic field and
those generated by the Earth’s core.

The outline of subject D, the Earth’s thermal properties, first
deals with the sources of the Earth’s heat, the heat generated at
the time of the Earth’s formation and the heat produced by radio-



active decay. It goes on to the transmission of heat from the
Earth’s interior to its surface and to the geological aspects of heat
flow, with emphasis on volcanic activity.

The outline of subject E begins with the indirect evidence used to
determine the basic internal mechanical properties of the Earth—
density, pressure, incompressibility, rigidity, and gravitational
intensity. It goes on to the Earth’s departures from spherical
symmetry and from perfect elasticity. Finally, it treats the re-
sponse of the Earth to stresses of long duration, involving possible
large-scale flow of Earth materials.

A. The Earth’s gravitational field
[see also 131.B.]

1. Definition of gravity: the factors that determine the
gravitational field at the Earth’s surface

a. The hydrostatic figure of the Earth: effects of the Earth’s
rotation and density distribution on gravity

b. The reference ellipsoid and standard gravity:
approximations to the Earth’s average gravitational field

c. Gravity anomalies: free-air, Bouguer, and isostatic
anomalies

d. Harmonic analysis of gravity: the mathematical
representation of the Earth’s gravitational field

2. Measurement of gravity: the methods of gravimetry and
astrogeodesy; analysis of perturbations of the orbits of

artificial satellites
[see also 723.D.2.d]

3. Interpretation of gravity data: inferences about the Earth’s
interior

a. Isostasy: the approximate balance between the elevation
of the Earth’s surface and the density of the rocks below

b. Variations in the gravitational field

i. Local irregularities: their relation to small-scale
density differences and their use in geophysical
prospecting

ii. Regional irregularities; their relation to crustal
structure

iii. Large-scale irregularities: their relation to global
tectonics

B. The Earth’s magnetic properties
[see also 127.C.]

1. The Earth’s main magnetic field

a. Elements of the geomagnetic field: definition of magnetic
intensity at the surface of the Earth

b. World magnetic surveys and magnetic observations

¢. Variations in the main magnetic field: the geomagnetic

secular variation
[see 4.b., below]

2. Transient and short-term geomagnetic fields
a. Solar and lunar daily magnetic variations

b. Magnetic storms and substorms: large-amplitude
geomagnetic disturbances caused by increased solar
activity

¢. Electromagnetic induction and telluric currents:
geomagnetic field variations caused by electric currents
induced within the Earth

3. Origin of the geomagnetic field

a. The main geomagnetic field: evidence that the Earth’s
core is the source of the geomagnetic field

Division L Section212 81

Subject F is the properties of Earth materials and their deforma-
tion. The outline first deals with the properties of rocks deter-
mined from empirical observation and laboratory tests, covering
volumetric, mechanical, thermal, electrical and magnetic, hy-
draulic, and optical properties. Dealing with the deformation of
materials in the Earth’s crust, the outline treats stress and strain in
rocks; the various types of rock folding; fracture in rocks, includ-
ing various kinds of faults; the superposition of strains produced
by the tectonic events of different ages; and the deformation of
ice in ice sheets and glaciers.
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b. The dynamo theory of the geomagnetic field: theoretical
models of electromagnetic induction processes in a
highly conductive fluid core

c. The theory of secular variation: interpretations based on
the dynamo theory

4. Rock magnetism
[see also 127.C.5.]

a. Magnetization of rocks: induced and remanent
magnetism

b. The Earth’s paleomagnetic field: the record of variation
and polar reversal through geological time

i. Geomagnetic polarity reversals
ii. Polar wandering

iii. Magnetic anomalies over the continents and the
oceans

C. The Earth’s electrical properties
[see also 127.B.]

1. Atmospheric electric current systems: currents produced by
the motion of charged particles in the Earth’s ionosphere
[see also 221.A.4.]

2. Electrical conductivity and dielectric behaviour of the
Earth’s rocks and minerals: variation with depth of the
electrical properties of the solid Earth

3. Electric currents within the Earth: currents induced by
variations in the geomagnetic field and currents generated
by the Earth’s core

D. The Earth’s thermal properties
[see also 124.A.4.c.]

1. Sources of the Earth’s heat: original heat of formation and
radioactive decay
[see also 111.C.5.]

2. Transmission of heat from the Earth’s interior to its surface:
thermal conductivity and gradients, and heat flow data

3. Geological aspects of heat flow: convection currents in the
Earth, rock metamorphism, and mountain building

4. Surface manifestations of heat flow: volcanoes and
volcanism

a. General aspects of heat flow: association of volcanoes
with localized areas of high heat flow; distribution of
volcanoes; catastrophic eruptions; generation of
geothermal power

b. Volcanic activity: discharge of geysers and other hot
springs; ejection of fragments; effusion of lava

c. Volcanic structure and form: shield volcanoes and

stratovolcanoes; monogenetic, composite, and submarine

volcanoes

d. The origin of volcanoes: formation and movement of
magma

E. The mechanical properties of the Earth

articles article sections other references
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1. General considerations: the fundamental mechanical
properties of the Earth’s body and the indirect evidence
used to determine them

2. Nature of deformable media: stress and strain; models of
the stress-strain behaviour of materials; seismic waves
[see also 126.C. and F.]

3. The basic internal mechanical properties of the Earth:
density, pressure, incompressibility, rigidity, and
gravitational intensity

4. The Earth’s departures from spherical symmetry:
oblateness, lateral variations associated with crustal
structure, and isostasy and its effects
[see also 211.A.2.b]

5. Anelasticity in the Earth: departures of the Earth from
perfect elasticity

6. Response of the Earth to stresses of long duration: possible

large-scale flow of Earth materials
[see also 241.G.]

F. Properties of Earth materials and their deformation

1. The properties of rocks determined from empirical
observations and laboratory tests

a. Volumetric properties: rock density and porosity

b. Mechanical properties
[see also 126.C., D., and Fj .

i. Elasticity: compressibility and the propagation of
elastic waves

ii. Nonelastic properties: compaction, brittle rupture
and failure, and brittle-ductile transitional behaviour

iii. Plasticity: dislocations and slip
iv. Time-dependent deformation: creep

v. Response to shock waves: meteorite impacts

vi. Hardness and friability
c. Thermal properties
i. Specific heat and thermal conductivity

ii. Thermal expansion and rock melting

d. Electrical and magnetic properties

i. Magnetic susceptibility and remanent magnetization of
rocks
[see B.4., above]

ii. Electrical conductivity and dielectric behaviour
[see C.2., above]

e. Hydraulic properties: porosity and permeability; the
capacity to store and transmit fluids

f. Optical properties: colour and lustre
2. The deformation of materials in the Earth’s crust

a. Stress and strain of rocks
i. Response to stress

ii. Elastic and plastic deformation: reversible and
irreversible displacements

b. Folding of rocks

i. Types of tectonic folding; e.g., flexure, slip, and
flexural-slip folding

articles

article sections
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ii. Foliation and lineation: linear features in rocks
subjected to stress

iii. Nappes: large rock sheets that have moved over the
rock formations beneath and in front of them

iv. Diapiric structures; e.g., salt domes
[see also 724.B.1.c.ii.]

v.. Nontectonic folding; e.g., slumping of recently
deposited sediments -

c. Fracture in rocks
i. Joints, joint sets, and joint patterns

ii. Faults and faulting; e.g., normal, transcurrent, and
thrust faults

d. Structural interference: the superposition of strains
produced by the tectonic events of different ages

e. The deformation of ice in sheets and glaciers: flow and

fracture of ice
[see also 222.A.3.a.]

Section 213. The structure and composition of the Earth’s interior
[for Part Two headnote see page 79
for Division I headnote see page 79]

The articles and parts of articles referred to in Section 213 deal
with four main subjects: A, the Earth’s concentric layers; B,
earthquakes; C, the distribution of elements in the Earth’s interi-
or; and D, the indirect evidence used to infer the structure and
composition of the Earth’s interior.

" The outline of subject A begins with the basic physical proper-
ties and zonal structure of the Earth. It goes on to treat the basic
divisions of the solid Earth, covering the different composition of
the markedly differentiable shells, called the crust, the mantle,
and the core, and of the transitional zones between them.

The outline of subject B treats the natural and artificial causes
of earthquakes; the distribution of earthquakes; and the magni-
tude, motion, and energy of earthquakes.

A. The Earth’s concentric layers

1. Physical properties and zonal structure of the Earth: the
variation with depth of seismic wave velocities, density,
pressure, temperature, electrical conductivity, and elastic

and rheological properties
[see also 212]

2. The basic divisions of the solid Earth

a. The crust: the Earth’s outer layer, which may be
differentiated into continental and oceanic crust

b. The Mohorovi¢i¢ Discontinuity: the zone that separates
crust from mantle

¢. The mantle: the layer between crust and core that
comprises the bulk of the Earth’s volume

i. The upper mantle

ii. The transition zone
iii. The lower mantle

d. The core: the Earth’s innermost region, assumed to be
liquid except for a probably solid inner core

3. The development of the Earth’s structure and composition
[see 241.A.]
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Subject C, the distribution of elements in the Earth’s interior
—in its core, mantle, and crust—is dealt with in detail in the
next section, Section 214.

Subject D involves the indirect evidence used to infer the struc-
ture and composition of the Earth’s interior. The outline deals
first with geophysical evidence, especially that afforded by seismic
wave velocities, but also other geophysical evidence, such as the
Earth’s moment of inertia and its density distribution. It then
deals with geochemical evidence, covering investigations of geo-
chemical equilibria at high temperatures and pressures; the
composition of meteorites that may correspond to rocks forming
the Earth’s interior; and evidence from crustal igneous rocks
derived from the upper mantle.
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B. Earthquakes: sources of seismic waves within the Earth

1. Causes of earthquakes
a. Natural causes: rook fracture and volcanism

b. Artificial causes; e.g., nuclear explosions, filling of
reservoirs

2. Distribution of earthquakes

a. Geographic and geologic occurrence: confinement of
major earthquake activity to narrow belts

b. Deep-focus earthquakes: occurrence of earthquakes in
the Earth’s mantle

3. Magnitude, motion, and energy of earthquakes
[see also 126.C. and 128.A.]

a. Seismic intensity and magnitude scales

b. Seismograms and their interpretation: the physical

characteristics of seismic waves
[see also 723.F.6.]

C. Distribution of elements in the Earth’s core, mantle, and crust
[see 214.C.]

D. The indirect evidence used to infer the structure and
composition of the Earth’s interior

1. Geophysical evidence, mainly from earthquake analyses
[see also 212.E.]

a. Seismic wave velocities

b. Other geophysical evidence; e.g., the Earth’s moment of
inertia, density distribution

2. Geochemical evidence

a. Investigations of geochemical equilibria at high
temperatures and pressures: phase transitions in the
Earth’s interior
[see also 214.A.5.a.]

b. The composition and mineralogy of meteorites that may
correspond to rocks forming the Earth’s interior
[see also 133.A.4.d.i.]

c. Evidence from crustal igneous rocks that are derived from

the upper mantle; e.g., andesite lava flows, peridotite and
eclogite inclusions in lava flows and some igneous rocks

Section 214. The Earth’s constituent minerals and rocks
[for Part Two headnote see page 79

for Division I headnote see page 79]

The articles and parts of articles referred to in Section 214 deal
with three main subjects: A, the mineral constituents of the
Earth; B, the rocks that comprise the Earth’s crust; and C, the
distribution of elements in the Earth.

The outline of subject A begins with the chemical composition,
internal structure, and external morphology of crystals, subjects
that involve major means for determining the identity of mineral
species and varieties. It goes on to the classification of minerals
in terms of structure and composition, the physical properties of
minerals, and the occurrence of minerals in nature. It concludes
with the responses of the Earth as a chemical system to change in
physical factors, covering geochemical equilibria at high tempera-
tures and pressures and geochemical equilibria at low tempera-
tures and pressures.

Subject B is the rocks that comprise the Earth’s crust. The out-
line first covers the three broad classes of rocks—the igneous
rocks that have crystallized from molten silicate solutions within
or above the Earth’s crust; the sedimentary rocks deposited by
glaciers and ice sheets, wind, or water, or produced by biogenic
processes; and the metamorphic rocks of the Earth’s crust which

Division L Section 214 85

articles article sections other references
. EARTHQUAKES 14:434b—c
6:68-73
6:68¢—-69b
6:68e-h 15:957d-f
6:69a-b
6:69¢c-70h 5:113e-114b
6:69c-70a 12:579b-c /15:844¢
6:70b-h 9:1029b-¢
6:70h-73¢/
6:8e—f
6:70h-72b
6:72c-73¢ / 15:955b-h
6:36g-37a/

16:491e-492b

6:37b-39b 13:562h-563c
6:37e-38b/ 6:50e-55¢ passim/

6:59f-60a 11:499f-h
6:61c—¢ 6:37b-39b passim
6:60e-61a

7:1026h-1027a 6:51e-54f passim

6:56b—d /13:563c-d

6:52d-53a /9:221c-¢/
12:8f-g

formed by the physicochemical alteration of pre-existing rocks.
For each of these classes of rocks, the outline treats the modes
of formation, the physical and chemical properties, the princi-
pal types, and their distribution. It concludes with the rock asso-
ciations formed in different environments of the Earth’s crust:
in the oceanic regions, in the stable continental regions, in the
continental borderlands, in the island arcs, in the major moun-
tain ranges, and in the piedmont regions adjacent to mountain
regions.

Subject C involves the determination of the relative and absolute
abundances of the chemical elements in the Earth and its various
parts. The outline first deals with estimates, made from the studies
of the composition of the Sun, other stars, and the Moon, about
the overall abundances of the elements in the universe. Treating
the terrestrial abundances, the outline covers the distribution of
chemical elements in the Earth’s core; in its mantle; in the Earth’s
crust, with particular referénce to the various kinds of mineral
fuels (coals, petroleum, oil shales, and natural gas); in soils; in
the hydrosphere; and in the atmosphere. An article referred to
deals separately with the physiological concentration of elements,
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treats the geochemical cycle, an overall concept of the migration
of elements throughout the atmosphere, the hydrosphere, and the

defined as the accumulation of an element in concentrations
greater than those in the surrounding environment as a result of

the physiological processes of plants and animals. At the end, it

solid Earth.

articles article sections other references
A. The mineral constituents of the Earth MINERALS
12:233-245
1. Crystallography: the chemical composition, internal CRYSTALLOG- 12:234a-236a/ 3:833f-836d passim |
structure, and external morphology of crystals RAPHY 1:707f-709a / 3:845g-846a/
5:339-347 7:213a-215a/ 4:700d-703c¢ passim |
7:219b-221b/ 5:333h-334d/
12:94f-95¢/ - 14:284d-287d passim |
13:561c-562a/ 16:752a-754g passim
15:319¢-321b/
19:1139h-1140f
2. Classification of minerals in terms of crystal structure 12:236b-239f
and chemical composition
[see also 122.D.]
a. The principal nonsilicate minerals
i. Native elements NATIVE 12:236f/ 8:237a—c
ELEMENTS 3:845¢c-846¢/
12:853-858 7:971b-h
ii. Sulfides, including arsenides and antimonides SULFIDE 12:236g-h
[see also 4.c., below] MINERALS
17:785-791
iii. Sulfosalts 12:236h-237a
iv. Oxides and hydroxides 12:237a-g/
7:970c-971b/
7:975b—c
v. Halides 12:237g-238a
vi. Carbonates CARBONATE 12:238a-b 3:1023f-1024c
MINERALS
3:833-838
vii. Nitrates and iodates 12:238b
viii. Borates 12:238¢c-d
ix. Sulfates 12:238d-g 6:1133h-1134h passim
x. Chromates 12:238h
xi. Phosphates, including vanadates and arsenates PHOSPHATE 12:238h-239a /
MINERALS 7:976a-b/
14:284-288 13:129b-c/
14:289b-g
xii. Tungstates and molybdates 12:239a
b. The silicate minerals SILICATE 12:239b-f
MINERALS
16:756-764
i. Silicate structure and composition: the basic 16:756f-757b

structural units, the silica tetrahedra and octahedra;
the substitution in silicate structures of ions other
than silicon

ii. Isolated or double tetrahedral group silicates:
minerals with silicate tetrahedra that are
unconnected or connected by groups of two

iii. Chain silicates: minerals with silica tetrahedra that
are connected together in single or double chains

iv. Sheet silicates: minerals with silica tetrahedra
that are connected together in two-dimensional
sheets

v. Framework silicates: minerals with silica tetrahedra
that are connected together in three-dimensional
frameworks

3. The physical properties of minerals; e.g., hardness, cleavage,

16:757Th-759b/
13:561g-562a

16:759b-761a/
1:707f-709a /
15:319¢-320b

16:761a-g/
12:94f-95¢

16:761h-763¢/
7:213a-d/

19:1139h-1140g

7:219b-221b passim

12:239f242f ]

7:969d-976¢ passim [

specific gravity, and magnetic, electrical, optical, and 4:704c-f/ 12:93f-94d /

thermal properties 7:215b-216h/ 14:284d-287d passim |
7:221c-f/ 16:752a-754g passim [
13:562a-c/ 17:786g-789g passim

19:1141c-f



4. The occurrence of minerals in nature

a. The major rock-forming mineral groups

articles

article sections

Division L Section 214 87

other references

12:242f-244f
16:636h-637c

16:757h-763e passim

i. The olivines; e.g., forsterite, fayalite OLIVINES 7:973d 16:757h-758a
13:560-564
ii. The pyroxenes; e.g., augite, jadeite PYROXENES 7:972h-973a /16:759b-760c
15:318-322 i
iii. The amphiboles; e.g., hornblende, tremolite AMPHIBOLES 7:972g-h /16:760e-761a
1:707-710
iv. The micas: e.g., muscovite, biotite MICAS 16:761a-g
12:93-96
v. The feldspars; e.g., orthoclase, albite FELDSPARS 7:971h-972¢ 16:762a-¢
7:212-218
vi. The feldspathoids; e.g., nepheline, leucite FELDSPATHOIDS 7:973b— 16:762f-g
i 7:218-222
vii. The silica minerals; e.g., quartz, tridymite SILICA MINERALS 7:973e-975b 12:52g-53¢/16:761h-762a
16:751-756
viii. The clay minerals; e.g., kaolinite, illite CLAY MINERALS 7:1033g-1034f/
4:700-706 16:1018g-1020c
ix. The carbonates; e.g., calcite, dolomite
[see A.2.a.vi., above]
x. The zeolites; e.g., natrolite, heulandite ZEOLITES 16:763a-¢

b. The occurrence of mineral associations

19:1139-1143

12:243b-244f/

13:562d-563h/
14:287a-288d/
16:754h-756a/
16:763e-764g
12:243b-¢/
3:836h-837a/
9:202c-203c/

i. In igneous and metamorphic rocks 1:709a-710a /
7:221£-222h passim/

9:220d-g /9:229f-g /

12:4f-g/ 11:486e-487a/
13:562d-h/ 16:763e-764d passim
15:949f-950a /
19:1142d-e
ii. In ore deposits 12:243e-g/
13:666d-g/
17:790a—
iii. In sedimentary rocks and precipitates 12:243g-244b/ 11:24g-25b /16:469a—c/
3:837b-f/ 16:763f-g
4:705b-¢/
8:296d-297b/
19:1142f-g
iv. In the Moon, planets, and meteorites 12:244b-f/
12:44h-45¢c/
13:562h-563d /
16:764d-g
c. Ore deposits: concentrations of metals and ORE DEPOSITS
metalliferous minerals 13:661-671
[see also 724.C.3.]
i. The nature, genesis, and classification of ore deposits 13:663b-667d / 6:706f-707d /9:225b-¢
12:243e-g/
17:790a—
ii. Earth processes involved in the formation and 13:667d-671e 6:706h-707d /9:224h-225¢
distribution of ore deposits; e.g., magmatic
concentration; hydrothermal processes
iii. Metallogenic epochs and provinces: the occurrence 13:671e-h/
of episodes of mineralization throughout geological 6:13a-b
time
iv. The occurrence and distribution of ore deposits 1:641g-642b/ 4:808c-d /8:237b—/13:71e-h/
4:570d-f/ 16:776h-777a
9:894f-895b /
10:728a-b/
11:922b—/
15:521b-f/
18:455f-g/
18:1034h-1035b/
19:1147c—
d. Minerals of gem quality; e.g., beryl, corundum, diamond GEMSTONES 10:164g-165¢ 3:845d-846b passim |
7:969-976 16:754d-f
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5. Geochemical equilibria

a. Geochemical equilibria at high temperatures and
pressures

i. Relevant thermodynamic principles: e.g., phase

diagrams, the phase rule
[see also 124.A.]

ii. Phase equilibria in mineral systems; e.g., equilibria in
systems of one, two, or more components

iii. Areas of application of high-temperature—
high-pressure studies; e.g., phase transitions in the
Earth’s interior; geological thermometry and
barometry

b. Geochemical equilibria at low temperatures and
pressures

i. Principles and techniques: thermodynamic

fundamentals and geochemical diagrams
[see also 124.A.]

ii. Geochemical equilibria of significance in nature; e.g.,
equilibria of carbonates in water

B. The rocks that comprise the Earth’s crust

1. The igneous rocks: the predominant solid constituents of the

Earth that form through the cooling of molten or partially
molten material at or beneath the Earth’s surface

a. Properties of igneous rocks
i. Chemical composition
ii. Mineral composition
iii. Textures and fabrics

iv. Structural features; e.g., clastic structures, flow
structures, fractures, inclusions

v. Colour and specific gravity
b. Classification of igneous rocks
i.. According to mineralogy and texture
ii. According to chemical composition

c. Formation of igneous rocks
[see also 212.D.4.]

i. The nature of magmas

ii. Crystallization from magmas: influence of melt
temperature and pressure; phase equilibria in
silicate melts; Bowen’s reaction series

iii. Effects of volatile constituents and late magmatic
processes

d. Occurrence of igneous rocks
i. Distribution and abundance of igneous rocks

ii. Rock kindreds, or associations, and petrographic
provinces: groups of rocks of similar mineralogy and
chemical composition

articles

article sections

other references

GEOCHEMICAL
EQUILIBRIA AT
HIGH
TEMPERATURES
AND PRESSURES
7:1022-1028

GEOCHEMICAL
EQUILIBRIA AT
LOW
TEMPERATURES
AND PRESSURES
7:1028-1035

7:1023¢-1024c¢/
8:868d-870c/
14:204f-205h /
15:949d-f

7:1024c-1026g /
3:838a—c/
9:209¢-210a /
9:210h-211e/
14:205h-210c/
15:321b-322¢

7:1026h-1028a /
1:710b—e/
7:216h-218¢c/
9:210a~h/
12:95f-96b /
13:563h-564e/
14:288d-g/
15:949f-950a

7:1028f-1032b/
14:204f-210c

7:1032b-1035¢/
3:836d-h/
3:838d-f/
6:1133d-1135a/
7:735b-737h

12:244f-245d passim

12:1b-2a

3:846a-c/
6:50e-55¢ passim |
7:221f-222h passim |
9:223h-224b /12:52d-53d/
13:665e-669g passim |
16:757a-b/16:764a—d

12:244f-245d passim

3:1023f-1024d

16:763e-764a

' IGNEOUS ROCKS
9:201-213

9:201f-206d
9:201h-202¢
9:202¢-203¢
9:203¢c-204g
9:204g-206b

9:206b-d
9:206d-208d
9:206d4-208b
9:208c-d
9:208e-211e

9:208¢-209a /
9:222g-224h/
19:507d-508b

9:209a-210h/
7:1027¢c-g

9:210h-211e/
9:224h-225¢

9:211e-213e
9:211h-212b
9:212b-f

13:909h-910b

7:1055¢—f
6:704b-705g
12:243b—

15:918e—f/15:920c—f

9:227c-d

15:961f-h



iii. Diversification of magmas: mechanisms of magma
generation

e. Principal families of igneous rocks

i. The intrusive igneous rocks that result when magma
cools and solidifies below the surface of the Earth;
e.g., granite, gabbro, diorite

ii. The extrusive igneous rocks that form from magma
that erupts at the surface of the Earth; e.g., basalt,
rhyolite, andesite

iii. The pyroclastic igneous rocks that form from
deposits of explosive volcanic eruptions; e.g., pumice,
tuff, scoria :

2. The sedimentary rocks of the Earth’s crust: rocks
that were deposited by or precipitated from ice, wind, or
water, or produced by biogenic processes

a. Classification systems

i. Clastic rocks

ii. Nonclastic rocks

b. Properties of sedimentary rocks

i. Texture

ii. Mass properties; e.g., cementation, colour, density,
elasticity, porosity.

iii. Geochemical properties

iv. Fabric

. Sedimentary structures

i. External stratification
ii. Bedding and bedding planes

iii. Deformation structures

. Sedimentary environments

i. Marine environment

ii. Mixed marine and nonmarine environment

iii. Nonmarine environment

e. Distribution of sedimentary rocks through time

i. Rock type variation

ii. Rates of accumulation

iii. Sedimentary models: inferences concerning the mode
of emplacement and the sources of sedimentary
deposits

f. Principal types of sedimentary rocks

i. Conglomerates, tillites, and other heterogeneous
clastic rocks

articles

article sections
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other references

IGNEOUS ROCKS,
INTRUSIVE
9:219-227

IGNEOUS ROCKS,
EXTRUSIVE
9:213-219

IGNEOUS ROCKS,
PYROCLASTIC
9:227-233

9:212f-213e

19:504d-505a

19:503f-504d

6:50f-51h passim /15:920c—f

14:528f-h

9:208b

SEDIMENTARY
ROCKS
16:463-474

CONGLOMERATES
AND BRECCIAS
4:1109-1113

13:479h-480f

16:464d-467b

16:464h—466¢c/
16:214g-216d
16:466c-467b

16:467¢c-469¢ /
4:1110c-1111e/
8:295¢-298b/
10:980b-982a /
11:24f-25d/
16:635b-636¢/
16:765e-766a

16:467c-468¢/
10:980d-982a /
16:213g-214¢

16:468f—469a /
16:635g-h

16:469a—/
3:837b-f/
8:296d-298b/
10:980b-d/
16:214e-f
16:469d-e/
16:636¢c—¢
16:469¢-471a/
16:635h—636b /
16:766a—c
16:469¢-g

16:469g-470e /
16:213c-g
16:470f-471a/
15:918g-h
16:4716-472h/
10:983a-984b /
16:636e—g/
16:766¢c-767d
16:471e-472a/

6:1135h-1137g/

8:298d-299%¢
16:472a-c

16:472c-472h/
6:1135¢c-h
16:472h-474b /
6:1138h-1139¢/
16:767e-h
16:472h—-473d/
16:637c—
16:473d-f

16:473f-474b
6:1135b-1138g

7:1056a-b /13:909c—f

4:1110c-g

4:1111c-d /16:765e—g

6:705h-706d /11:24h-25b |
16:635d—g /16:763f-g

8:295f-296¢

16:766a-b
8:295f-296b

16:459d-461d passim

10:983h-984b /11:499e-f

10:983d-g

4:1111e-1112f passim |
10:983c-d

16:766¢c-767d passim

16:465b—¢



90  Part Two. The Earth

articles article sections other references
ii. Quartzose sandstones and arkoses SANDSTONES 4:731h-732b 16:465e-466b
16:212-216
iii. Graywackes GRAYWACKES
8:295-299
iv. Shales SHALES 13:536¢-539g
16:634-638
v. Loess LOESS 8:176d-¢/19:844g-h
11:24-28
vi. Limestones and dolomites LIMESTONES AND 3:837b-€/16:466¢c-h
DOLOMITES
10:979-985
vii. Evaporites EVAPORITES 4:731f-g/ 13:669f-g /14:553h-555¢
[see also 724.B.1.c.ii.] 6:1132-1139 5:1091b—c/

16:193h-194b/
16:195h-196a /

19:34h-35b
viii. Siliceous rocks SILICEOUS ROCKS
16:765-767
ix. Phosphorites PHOSPHORITES
14:288-290
x. Coals
[see C.4.a., below]
3. The metamorphic rocks of the Earth’s crust: rocks METAMORPHIC 7:1056£f-1057a /13:910b-d
that have formed by the physicochemical alteration of ROCKS
pre-existing rocks 12:1-10
a. Formation and classification of metamorphic rocks ROCK 12:2e-4e
METAMORPHISM,
PRINCIPLES OF
15:947-952
i. Types of metamorphism; e.g., contact, regional, 15:948¢c-g/ 12:243d-e
hydrothermal, progressive and regressive 12:3a-¢/
6:26c~d/
12:52d-53g
ii. Grades of metamorphism: the degree to which 15:948g-950¢
metamorphic changes have occurred )
iii. Temperature and pressure of metamorphism 15:950e-951b/
7:1027a—c
iv. The origin of metamorphic texture and structure 15:951b-952b
v. Metamorphic differentiation 15:952b—c
vi. The alteration of limestones and dolomites to form MARBLES
marbles 11:486-487
vii. Types of metamorphic rocks; e.g., schist, slate, 12:3f4e
gneiss, hornfels
. Physical and chemical characteristics of metamorphic 12:4f-6g
rocks )
i. Metamorphic minerals 12:4f-g/ 16:763g-764a
15:949f-950a
ii. Rock composition 12:4g-5e¢ 6:706e—f
iii. Metamorphic facies 12:5e-6a/
15:950a-¢
iv. Textures and fabrics 12:6a-g/
15:917g-918c
. Rocks of the principal facies 12:6g-9d
i. Facies associated with contact metamorphism; e.g., 12:6g-7d
sanidinite facies, pyroxene-hornfels facies
ii. Facies associated with regional metamorphism,; e.g., 12:7d-8e
zeolite facies, greenschist facies, amphibolite facies
iii. The eclogite and granulite facies 12:8f-9d
d. Distribution of metamorphic rocks 12:9d-10c
4. The rock associations formed in different environments of 9:217a-219¢/
the Earth’s crust 16:767e-h
a. In the oceanic regions: basaltic lavas, reef limestones, and 6:1137c-g / 10:983h-984b
abyssal sediments of the deep oceans 9:215d-h/

9:217b-218d/
11:498d-h
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articles article sections other references
b. In the stable continental regions: conglomerates, 4:793a—c/ 10:983c-d /11:25d-h/
sandstones, evaporites, and coal measures 4:1112f-1113d/ 16:215c-e
5:396¢-397f/
“ 6:1135¢c-h/
9:219¢c—e
c. In the continental borderlands: sandstones, shales, and 6:1135h-1137¢ 10:983d-g /12:583b-d /
limestones 16:215g-216a /16:634d—g
d. In the island arcs: andesite and spilite lavas, ultrabasic 8:298b-d / 8:299c-¢ /12:581g-583b
intrusive rocks, graywackes, and shales 9:215h-216¢/
’ 9:1027h-1028d
e. In the major mountain ranges: regionally metamorphosed 9:211h-212f/ 12:590d-592d passim
rocks, granitic batholiths, early-stage basalts and 9:218d-219b/
peridotites, and late-stage andesite lavas 12:7d-8¢/
12:579h-580c
f. In the piedmont regions that are adjacent to mountain 9:216e-217a 16:215e-f
ranges: gabbros, basalts, and arkoses
C. Distribution of elements in the Earth: comparison of ELEMENTS, 4:117f-g
terrestrial abundances of the elements with absolute, or GEOCHEMICAL
cosmic, abundances DISTRIBUTION OF
[see also 121.D.2.] 6:700-713
1. In the core 6:703c-d 6:54h-55¢
2. In the mantle 6:703d-h
3. In the crust 6:703h-709¢ /
3:845b-c/
3:848h-849a /
3:850e-f/
3:851d-e/
15:516e-517b
a. Igneous rocks 6:704b-705g /
9:201h-202¢
b. Sedimentary rocks 6:705h-706d
c. Metamorphic rocks 6:706e—f
4. In mineral fuels 6:707d-708e
a. Coals COALS 14:739¢c-d
[see also 724.B.1.c.i. and C.2.] 4:790-795
i. Classification of coals 4:790d-791e/
4:773f-g
ii. Physical and chemical characteristics of coals '4:791e-792h /
13:536h-537f
iii. ‘Origin of coals 4:793a-795a/ 6:707e-708b /17:839h-840d
4:732b—<
b. Petroleum PETROLEUM 6:708b—
[see also 122.E.1.a. and 724.B.2. and C.1.] 14:164-175
i. Physical and chemical characteristics of petroleum . 14:166e-167f/
14:180h-181c
ii. Origin of petroleum 14:167g-169b
ili. Migration and accumulation of petroleum in porous 14:169b-172¢/
rocks 8:438f-439¢
iv. Occurrence and distribution of petroleum 14:172¢-175g 14:175h-177a
c. Oil shales OIL SHALES
[see also 122.E.1.a. and 724.B.2. and C.1.] 13:535-539
i. Organic content of oil shales 13:536¢-f
ii. Properties of oil shales and related coals 13:536h-537f
iii. Origin of oil shales 13:537f-538g
iv. Occurrence and distribution of oil shales 13:538g-539¢g
d. Natural gas NATURAL GAS  7:923d-924b 6:708d-e
} 12:858-863
i. Physical and chemical characteristics of natural gas 12:859a-860b
ii. Origin of natural gas 12:860b-h/
14:169a-b

iii. Occurrence and production of natural gas
[see 724.B.2.]

5. In soils 6:708e-709¢ 16:1018h-1021g passim
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6. In the hydrosphere
[see 222.B.1. and C.1.]

7. In the atmosphere
[see 221.A.1.c.]

8. The selective concentration of elements by plants and
animals

9. The geochemical cycle: the primary geochemical
differentiation of the Earth; the migration of elements
throughout the atmosphere, hydrosphere, and solid
Earth

Division II. The Earth’s envelope: its atmosphere and

v hydrosphere
[for Part Two headnote see page 79]

The outlines, and the articles and parts of articles referred
to, in the four sections of Division II treat the Earth’s at-
mosphere; its hydrosphere; the motions of the sea; and
weather and climate.

The outline and the articles referred to in Section 221
treat the structure, composition, and physical properties of
the atmosphere; and the large-scale motions of the atmo-
sphere.

Section 222 treats the types and the distribution of waters
in the Earth’s hydrosphere; the physical and chemical prop-
erties of seawater; the geochemistry of freshwater; and the
hydrologic cycle, the group of paths through which the wa-

ter in nature circulates and is transformed from one state to

another.

Section 223, on the motions of the sea and the forces that
cause them, treats the interactions between ocean and at-
mosphere; the kinds of waves in the hydrosphere; and the
distribution and causes of surface and subsurface ocean
currents. .

Section 224, on weather and climate, treats the conden-
sation of water in the atmosphere, producing clouds, fogs,
and precipitation; weather disturbances—cyclones and an-
ticyclones, thunderstorms, and lightning, tornadoes, hurri-
canes, and typhoons; weather forecasting; and the statistical
aggregates of weather called climates.

Section 221. The atmosphere

[for Part Two headnote see page 79]

The articles and parts of articles referred to in Section 221 deal
with two main subjects: A, the structure, composition, and physi-
cal properties of the atmosphere; and B, the large-scale motions
of the atmosphere. )

The outline of subject A begins with a general description of the
regions of the atmosphere, the several layers that are character-
ized by the pattern of vertical distribution of temperature. It goes
on to the chemical reactions and physical processes that occur in
the homosphere, the layer of generally uniform composition be-
low an altitude of about 60 miles, and in the heterosphere, above
an altitude of 60 miles, where diffusive separation results in a
variation of chemical composition with height. An article referred
to gives separate treatment to the ionosphere, the upper region
that overlaps the mesosphere, thermosphere, and exosphere, in
which most of the atoms and molecules have become ionized or
electrically charged. The outline next deals with the exosphere,
the outermost layer of the atmosphere that grades into interplan-

articles article sections other references
ELEMENTS, 5:164d-e/ 2:1040f-1041g passim |
PHYSIOLOGICAL  16:766¢c-g 11:497c-d
CONCENTRATION
OF
6:713-715
6:712a-713c/ 2:1039g-1042h passim |
6:56g-57d/ 6:52f-53a
12:242f-243b
Section 221. The atmosphere 92
222. The hydrosphere: the oceans, freshwater bodies,
and ice masses 94
223. The motions of the sea and the forces that cause
them 97
224. Weather and climate ) 99

etary space, and gives separate treatment to the Van Allen radia-
tion belts, zones of charged particles trapped in the magnetic field
of the Earth, which were discovered after the first Earth satellite
and space probes.

The outline of subject B—winds and storms—begins with the
resolution of winds into zonal (east—west), meridional (north—
south), and vertical components and with the relation of winds
to pressure, temperature, and the Earth’s rotation. After dealing
with jet streams, which are high-velocity, narrow air currents in
the upper troposphere and the stratosphere, the outline covers
the westerlies of mid-latitudes, tropical wind systems, including
trade winds and tropical disturbances such as hurricanes and
typhoons; stratospheric and mesospheric wind systems; and the
mean meridional circulations of the atmosphere. It concludes
with broad causal questions about the driving mechanisms for
the general circulation of the atmosphere: the energy balance
and the transport of heat and momentum.
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their trajectories

articles article sections other references
A. The structure, composition, and physical properties of the ATMOSPHERE 2:321e-322a 19:698h-699¢
atmosphere 2:307-313
[see also 241.B. and 723.G.5.]
1. Regions of the atmosphere: the atmospheric layers 2:307d-308g/
characterized by the pattern of vertical distribution of 4:718b-e
temperature
a. The lower atmosphere: the troposphere, the stratosphere, 2:307d-h
and the mesosphere

b. The upper atmosphere: the thermosphere and the 2:307h-308¢c
exosphere

c. The composition of the atmosphere: the gross 2:308d-g/
composition and regional variations 6:710g-712a/
[see also 224.A.1. and D.2.c.ii.] 9:108d-109a

. The homosphere: the layer of the atmosphere below an 2:308g-309d
altitude of about 60 miles (100 kilometres) that maintains
a generally uniform composition
a. The effects of ultraviolet radiation: photodissociation of 2:308h-309¢

molecules
b. Mechanisms of air mixing: molecular and turbulent 2:309¢-d
diffusion
. The heterosphere: the layer of the atmosphere above an 2:309d-312a
altitude of about 60 miles (100 kilometres) where diffusive
separation results in variation of composition with height
a. Oxygen dissociation in the lower thermosphere 2:309e-f
b. Effects of vertical transport: the distribution of 2:309g-310b
atmospheric constituents

c. Variations in atmospheric densities 2:310c-h

d. The escape of helium and hydrogen from the upper 2:310h-311e
atmosphere

e. Ionization mechanisms 2:311e-312a
[see also 4.b., below]

. The ionosphere: the upper region of the atmosphere that IONOSPHERE
overlaps the mesosphere, thermosphere, and exosphere, 9:809-816
and in which most of the atoms and molecules have become
ionized, or electrically charged
[see also 127.B.2.]

a. The gross features of the ionosphere 9:810c-g
b. Formation and characteristics of the ionosphere 9:810h-814b/
2:325e-326a
i. Tonospheric processes: production and loss of ions 9:810h-812d/
2:311e-312a
ii. The vertical structure of the ionosphere 9:812d-814b
c. Ionospheric variations and disturbances of atmospheric 9:814b-g/ 2:325g-h
origin; e.g., effects of atmospheric tides and gravity 6:30f-31d
waves
d. Ionospheric variations and disturbances of solar origin: AURORAS 9:814h-815f/ 19:22f-h
magnetic and auroral storms; Northern Lights 2:373-377 2:326e-g/
[see also 133.B.] 6:31d-32¢
e. Probing the ionosphere: the effects of the ionosphere on 9:815g-816d/
radio waves 15:425g-426a
[see also 735.1.4.]

. The exosphere: the outermost layer of the atmosphere that 2:312a-313f/ 2:321f-h
grades into interplanetary space 9:788h-789b
a. Effects of low particle density on the properties of the 2:312b-g

exosphere: the temperature of gases in the exosphere;
the vertical gradation of particle collisions
b. Determination of the critical zone, the layer above which 2:312g-313a
the number of particle collisions is negligible
c. Particle trajectories in the exosphere: particles with 2:313a-f
ballistic trajectories, entrapped particles, particles with
escape velocities, extraterrestrial particles
d. The Van Allen radiation belts: zones of charged VAN ALLEN
particles trapped in the magnetic field of the Earth RADIATION BELTS
[see also 212.B.] 19:21-23
i. Characteristics of the belts: constituent particles and 19:21f-22h
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ii. Their relation to the magnetosphere and the

solar wind
[see also 133.B.]

B. The large-scale motions of the atmosphere
[see also 224, 232.A.4., and 723.G.5.]

1. The general nature and relative scales of atmospheric
motions: the resolution of winds into zonal (east-west),
meridional (north-south), and vertical components

2. The relation of wind to pressure and temperature: the
cause of winds, the effect of Coriolis force, and idealized
winds derived from simplified models—the geostrophic
and thermal winds '

[see also 211.A.2.a.]

3. Jet streams: high-velocity, narrow air currents in the upper

troposphere and the stratosphere

a. The cause and formation of jet streams: transport of
heat from the Equator to the poles; effects of the
Earth’s rotation

b. Occurrence and behaviour of jet streams in atmospheric
models: laboratory studies of jet streams

¢. Mean and eddy transports in the jet stream region: the
relation between jet streams and the general circulation
of the atmosphere

d. Occurrence and distribution of jet streams: the westerly
Polar-Front, Subtropical, and Stratospheric Polar-Night
jet streams; the easterly Tropical jet stream

4. The westerlies of mid-latitudes

a. Standing waves of the mid-latitude westerlies and related
systems: differences between the Northern and Southern
hemispheres

b. Mid-latitude travelling disturbances, or cyclones and
anticyclones, that are the surface expression of waves in
the westerlies
[see also 224.B.1.]

5. Tropical wind systems

a. Trade winds: the Northeast and Southeast Trade Winds,
and the Intertropical Convergence Zone
b. Tropical disturbances

i. Noncyclonic storms; e.g., easterly-wave systems,
shear-line storms

ii. Cyclonic storms: hurricanes and typhoons

c. Monsoons

6. Stratospheric and mesospheric wind systems

a. Polar Night Westerlies: their mean flow, wave
disturbances, and sudden warmings

b. Summer Easterlies of the mesosphere and stratosphere:
the 26-month cycle in the equatorial stratosphere

7. The mean meridional circulations of the atmosphere

8. The driving mechanism of the atmosphere: the energy
balance and the transport of heat and momentum

Section 222. The hydrosphere: the oceans, freshwater bodies,
and ice masses

[for Part Two headnote see page 79
for Division II headnote see page 92]

The articles and parts of articles referred to in Section 222 deal
with four main subjects: A, the distribution of water in the hy-
drosphere; B, the physical and chemical properties of seawater;

articles

article sections

other references

19:22h-23g/ 2:376h-377g[6:27e-g
2:326a-¢
WINDS AND
STORMS
19:862-875
19:862h-864c/
2:322d-e
19:864c-865h/
4:718f-719¢c/
10:161a-162a
JET STREAMS 19:869f-h
10:160-164
10:161a-162a
10:162a—f
10:162f-163f
10:163f-164b
19:865h-872c
19:867h—-868h 10:162f-163a
CYCLONES AND  19:868h-872c 4:719¢c—¢ /10:163a—f
ANTICYCLONES
5:392-395
19:872c-873f
19:872d-h 13:837d-842b
19:872h-873f
19:872h-873¢ 12:390d-¢ /18:364h-365a
HURRICANES 19:873d-f
AND TYPHOONS
9:58-64
MONSOONS 19:868d-f 2:160h-161a /4:725b—/
12:389-394 13:842d
19:873h-874e
19:874b-d 10:164a-b
19:874d-¢
19:874e-875a
19:875a-¢/ 5:392h-393a
10:162b—f

C, the geochemistry of freshwater; and D, the hydrologic cycle.
The outline of subject A covers all the types of waters in the
hydrosphere, the Earth’s aqueous envelope: saltwater bodies;



freshwater bodies, including groundwater contained within the
pores of rocks; and the various kinds of ice formations. Articles
are referred to that give separate treatment to gulfs and bays, to
groundwater, to ice sheets and glaciers, to icebergs and pack ice,
and to river and lake ice.

The outline of subject B treats the dissolved inorganic and
organic substances that are the principal constituents of oceans
and seas; and the physical properties of seawater.

The outline of subject C treats the geochemical processes that
determine the composition, properties, and changes in the fresh-
water on and below the Earth’s land surfaces.

Subject D is the hydrologic cycle—a group of paths through
which the water in nature circulates and is transformed from one
state to another, and consisting of various complicated processes
of precipitation, evaporation, interception, transpiration, infiltra-

A. The distribution of water in the hydrosphere
1. Saltwater bodies
a. Oceans and marginal seas
b. Gulfs and bays
i. Factors that influence the nature of gulfs and
bays
ii. Classification of gulfs and bays
2. Freshwater bodies

a. Rivers, lakes, and marginal bodies such as estuaries and
swamps
[see 232.C.1., 2., and 3.]

b. Groundwater contained within the pores of rocks

i. Origin and occurrence of groundwater
ii. Fluctuations in groundwater levels
iii. Movement of groundwater

3. Ice
[see also 212.F.2.e.]

a. Ice sheets and glaciers
[see also 232.C.6.]

b. Icebergs and pack ice

c. River ice and lake ice

4. Water in the biosphere
[see 351]

B. The physical and chemical properties of seawater

1. The composition of seawater: dissolved inorganic and
organic substances

2. The chemical evolution of oceans and seas
[see 241.C.]

3. The physical properties of seawater

a. Salinity and temperature variation in the oceans in
relation to depth and latitude

b. Thermal properties of seawater; e.g., specific heat

c. Water density: effects of pressure, temperature, and
salinity
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tion, percolation, retention, detention, overland flow, through-
flow, and runoff. The outline first deals with the role of evapora-
tion in the hydrologic cycle, covering evaporation from water
surfaces, soils, snow, and ice, and from transpiration—the
evaporation of water from the leaf cells of plants. Dealing next
with the role of water vapour in the hydrologic cycle, the outline
covers the distribution of water vapour in the atmosphere; vapour
release by condensation; and precipitation and its distribution. It
next treats the factors that affect the surface runoff cycle and the
groundwater cycle, and the role of ice in the hydrologic cycle.
Finally, an article is referred to that deals separately with the
practical uses of the hydrologic sciences in determining the
available water resources and the global annual water balance,
and in the development, management, and protection of water
resources in the light of demographic trends.

articles article sections other references

1:1030f-1031d/

13:482c-484c
GULFS AND BAYS
8:481-486
8:481e-482¢c
8:482d-483d
GROUNDWATER 9:113g-114g
8:432-440
8:435c-436h
8:437a-h
8:437h-440f / 3:1024f-1025d
9:114b—c/

15:963h-964c
9:114g-116¢/

14:92b-93¢c
ICE SHEETS AND  8:165d-166g 1:955b-£/9:115h-116a /
GLACIERS 12:154f-155d
9:175-186
ICEBERGS AND 4:720e-721b/ 1:1122d-f/2:295d—f
PACK ICE 13:491b-g :
9:154-160
ICE IN RIVERS 7:446a-b
AND LAKES
12:165-170
OCEANS AND
SEAS
13:484-491
13:484h-486g / 7:1032f-h /13:478a—c/
6:709c-710f / 16:461a— /16:766f-g

6:713h-715h/
9:124f-125a ]
13:481a-482b/
16:193b—c

13:487d-491g

13:487d-489b/
5:590d-f/
10:592h-593¢

13:489b—e

13:489%¢-g

2:302a—f/9:123e~£/9:311d-h /
13:842¢f
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4.

d. Pressure in the oceans

e. Optical properties of seawater; e.g., absorption and
scattering of light

f. Acoustical properties of seawater: underwater sound
transmission

Ice in the sea
[see A.3.b., above]

C. The geochemistry of freshwater
[see also 214.A.5.b.]

1.

Freshwater composition: concentrations of dissolved
substances

a. Dependence of initial freshwater composition on
precipitation and infiltration processes

b. Effect of hydrogen ion concentration (pH) on the
geochemical reactions that control freshwater
composition

c. Composition generalizations: occurrence and sources of
common cations (negative ions) and anions (positive
ions)

. Chemical reactions in freshwater

a. Cation exchange: reactions that remove or add solutes
to freshwater

b. Boundary reactions: reactions that occur at the
boundaries of geochemical environments

c. Precipitation reactions: deposition of minerals from
supersaturated solutions

d. Bacterial reduction: production of sulfide deposits by
bacteria

e. Changes in water character: reactions controlled by
variations in dissolved oxygen content

D. The hydrologic cycle: the group of paths through which the
water in nature circulates and is transformed from one state to
another

1.

The general nature of the hydrologic cycle: the types of
processes involved and their complex interaction; scales of
magnitude of the interrelated components of the global
hydrologic system; influences of climate and other

factors

. The role of evaporation in the hydrologic cycle

a. Evaporation from water surfaces
b. Evaporation from soils, snow, and ice

c. Transpiration by plants
[see also 336.D.]

. The role of water vapour in the hydrologic cycle

[see also 224.A. and D.1.e.]

a. Distribution in the atmosphere
b. Vapour release by condensation
¢. Precipitation and its distribution

. Runoff and subsurface water

a. The surface runoff cycle

b. Factors affecting runoff
[see also 232.A.3.]

c. Analysis of runoff

articles

article sections

other references

13:489g-h
13:489h—490f

13:490f-491a/
17:2b-e

FRESHWATER,
GEOCHEMICAL
PROPERTIES OF
7:732-737

10:605d-606e

7:732g-735a

.7:732g-733¢

7:733f-734a

7:734a-735a/
8:133a-¢/
17:517a-h

6:709g-h

6:709g-710b

7:735b-737h

7:735b-g/
7:1034g-1035¢

7:735g-736b

7:736b-737b
7:1032b-1033d

7:737b-d

7:737d-h

3:1023f-1024¢

HYDROLOGIC
CYCLE
9:102-116

2:1041h-1042¢/
10:610g-612c/
12:118c—g

9:117¢-119a passim

9:102¢e-103g

9:104d-108d

9:104d-106e
9:106e-107¢
9:107¢-108d

2:1042b-€/10:339c-340a /
12:118c—¢

10:611e-h

14:554f-555b

2:1042d-e/13:731e-g/
14:502f-g

9:108d-111d/
4:721c-d/
19:644f-645f

9:108d-10%a

9:109b-d

9:109d-111d/
14:963a-h

5:607g-608b

12:118e-g

9:117c-118a /14:960d—e /
19:645¢c-d

9:111d-114g/
19:645f-646b
9:111d-112¢/
5:608c—609a /
8:435¢c-h/
10:611a-¢/
14:964a-b
9:112f-g/
15:877h-879¢
9:112h-113g

3:1024£-1025d /9:118d-119a
passim

10:340a— /14:432e—f/
16:477b-d
19:645f-646a



d. Groundwater

5. The role of ice in the hydrologic cycle

[see also A.3., above]

a. Distribution, accumulation, and ablation

b. The ice cycle
6. Water resources and supply
[see also 737.A.1.]

a. Available water resources

i. Surface water

ii. Groundwater
iii. Frozen water

b. The global water balance: the distribution of water
between the land, the ocean, and the atmosphere

i. Stability of the balance
ii. Role of atmospheric moisture
iii. Cyclicity of runoff and long-range runoff forecasting

c. Future water consumption: utilization and protection

of water resources
[see 355.D.5.a.ii.
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article sections other references

9:113g-114g/
5:609a—f/
8:435¢c-440f/
9:118e-g/
17:516¢c-517a

9:114g-116¢

articles

9:114g-115¢f/
9:181c-182b/

9:185d-g

9:183g-184c¢
9:115f-116¢
WATER 9:103g-104¢/
RESOURCES 9:900g-901d/
19:643-648 19:649g-650b

1:201d-203a /2:172h-173b/
2:397h-398¢/
6:1050h-1051b /15:876a-d

1:201e-h /6:1050h-1051a /
10:600-601a

1:201h-202h

14:92d-e/9:179h-182b

17:518g-519¢
9:154a—¢

19:643f-646b
8:432g-433d

19:643g-644f
19:644f-645f
19:645f-646b

Geographical articles in the Macropzdia

(Additional geographical entries may also be found in the Micropadia)

BEAUFORT SEA  2:781
BERING SEA AND STRAIT 2:845
BLACK SEA 2:1096
CARIBBEAN SEA  3:906
CHINA SEA  4:405
GREENLAND SEA 8:414
IRISH SEA  9:893

JAPAN, SEA OF 10:92

KARA SEA 10:404

LAPTEV SEA 10:681
MEDITERRANEAN SEA 11:854
NORTH SEA 13:249
OKHOTSK, SEA OF 13:541
RED SEA 15:544

Oceans

ARCTIC OCEAN 1:1118
ATLANTIC OCEAN 2:294
INDIAN OCEAN 9:307
PACIFIC OCEAN 13:836

Seas (marginal and inland seas)
ADRIATIC SEA 1:97

AEGEAN SEA 1:123

ANDAMAN SEA 1:839

ARABIAN SEA 1:1059

AZOV, SEA OF 2:547

BALTIC SEA 2:667

BARENTS SEA  2:721

Section 223. The motions of the sea and the forces that cause
them
[for Part Two headnote see page 79
for Division II headnote see page 92]
The articles and parts of articles referred to in Section 223 deal
with three main subjects: A, ocean—atmosphere interaction; B,
waves in the hydrosphere; and C, the circulation of the oceans.
The outline of subject A begins with basic quantities involved
in ocean-atmosphere interaction—the supply of energy to the
ocean by direct and scattered solar radiation, the amount of heat
flow from the interior of the Earth through the ocean floor, and
the water budget comprised of the various items of input, out-
put, and water storage of the hydrologic system. It goes on to
air-sea transfer processes—the vertical transport of water vapour
and heat at the sea surface. Finally, it treats oceanic turbulence,
the random motions distinguished from and superposed on waves
Or ocean currents.
The outline of subject B first deals with surface waves, waves
at the air-sea interface, covering the theory of simple shallow-

ROSS SEA  15:1161
SCOTIA SEA  16:403
WEDDELL SEA 19:721
WHITE SEA  19:819
YELLOW SEA  19:1078

Gulfs and bays

ADEN, GULF OF 1:85

BAFFIN BAY 2:582

BENGAL, BAY OF 2:835
BISCAY, BAY OF 2:1076
CARPENTARIA, GULF OF 3:951
FUNDY, BAY OF 7:780
GUINEA, GULF OF 8:471

HUDSON BAY 8:1131

MEXICO, GULF OF 12:77

PERSIAN GULF 14:106

SAINT LAWRENCE, GULF OF
16:172

Other features

COLUMBIA ICEFIELD 4:929
DRAKE PASSAGE  5:979
ENGLISH CHANNEL 6:873
GULF STREAM 8:486
MALACCA, STRAIT OF 11:359
NORTHWEST PASSAGE 13:257
ROSS ICE SHELF 15:1158

water and deep-water waves and the properties of complex
wind-generated ocean waves and tsunamis, or seismic sea waves.
It goes on to internal waves, which are not noticed at the surface
but occur at sharp internal interfaces or gradual transition zones
between layers of water of different densities. Finally, it deals
with tides—the daily fluctuation of elevation of the water surfaces
of oceans, seas, and the larger lakes of the world. The outline
covers the causes of tides; the mathematical and dynamical
analyses of tidal motion; and the methods of tidal prediction that
are useful to navigation and coastal engineering.

Subject C is the system of ocean currents through which the
great water masses on the Earth’s surface are interconnected. The
outline first deals with the distribution or general pattern of cur-
rents throughout the world’s oceans. It goes on to the forces that
cause ocean currents or modify their motions—wind friction at
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the sea surface, pressure gradients, and the Coriolis effect of the
Earth’s rotation. It next deals with systems of surface currents in

pendent on differences of temperature, salinity, or sediment con-
centration. Finally, it treats the influence of ocean currents on

different regions of the Earth and with subsurface currents de-

articles article sections other references
A. Ocean-atmosphere interaction OCEANS AND 9:63e-g
[see also 222] SEAS
13:491-493
1. Radiation, heat, and water budgets of the oceans; gains 13:491g-492¢c/ 9:104d-105¢
and losses of mass and energy 9:124d-f ‘
2. Air-sea transfer processes: the role of atmospheric 13:492c-g 4:719h-720a
turbulence in the vertical transport of heat and water
vapour at the sea surface
3. Turbulence in the sea: turbulent transport of mass, heat, 13:492h-493b
and momentum; definition of eddy diffusivity, eddy
conductivity, and eddy viscosity
B. Waves in the hydrosphere WATER WAVES  13:493b—495g 8:481g-h
[see also 126.E., 128.A., and 232] 19:654-659
1. Surface waves: waves at the air=sea interface 19:654f-659¢g | 9:63e-g
13:493c-495a
a. Theory of simple waves 19:654f-658¢c
i. Shallow-water waves: waves with wavelengths that 19:654f-656¢ /
are long with respect to water depth 10:609e-610b
ii. Deep-water waves: waves with wavelengths that are 19:656f-658¢c
short with respect to water depth
b. Ocean waves: the generation of waves by wind 19:658c-659g /
10:609b—¢/
13:493d-494f
c. Tsunamis, or seismic sea-waves, and standing waves in 13:494g-495a
bays and marginal seas .
2. Internal waves: waves at sharp internal interfaces or 13:495a-b
gradual transition zones between layers of water of -
different densities
3. Tides: the daily fluctuation of elevation of the water TIDES 13:495b-g
surfaces of oceans and seas and the larger lakes of the world 18:383-390
a. The causes of tides: the motions and gravitational
interaction of the Sun, Moon, and Earth
[see 133.E.6.c.i.]
b. Tidal analysis: tidal harmonics, constituents, and 18:384b-385¢ 13:843c-d
measurements
c. Tidal dynamics and prediction: prediction using - 18:385d-390a/
analytical and numerical methods; tidal currents; 19:654g-655g
practical aspects and complicating factors
C. The circulation of the oceans: ocean currents OCEAN CURRENTS 13:495g—497b 1:1030f-h
: 13:437-443
1. The distribution of ocean currents: horizontal and vertical 13:437e-g
motions in the sea
2. The forces that cause and affect ocean currents 13:437g-439d/
. . 13:496¢c-g
a. Pressure gradients: forces resulting from density 13:437h—438c 13:496d—¢
differences and the tilting of the sea surface
b. Coriolis force: the effect of the Earth’s rotation on all 13:348c-g 13:496¢c-d
moving objects, causing deflection to the right in the
Northern Hemisphere and to the left in the Southern
Hemisphere
[see also 211.A.2.a.]
c. Frictional forces: generation of wind-driven ocean currents 13:438g—439d 13:496f-g
3. The general surface circulation 13:439d-440h / 2:301b-g/9:312a-c/
13:496a— 13:842g-843a
a. The system of surface currents: the large-scale rotational 13:439d-f
motion of the upper strata of the oceans
b. Western and eastern boundary currents: intensification 13:439f-440a 8:486f-487f
of currents along the western boundaries of the oceans;
the Gulf Stream and Kuroshio
c. The equatorial current system that includes the North 13:440a-g

and South Equatorial currents and the Equatorial
Countercurrent

weather and climate.




d. The Antarctic Circumpolar Current: the current that
links the circulations of the Atlantic, Indian, and Pacific
oceans

4. Subsurface ocean currents

a. The general deep-sea circulation

b. Tidal currents: periodic currents associated with tides in
the sea

c. Density currents down continental slopes, produced by
differences in temperature, salinity, or sediment
concentration
[see also 231.C.4.]

5. The influence of ocean currents on weather and climate
[see also 224.D.1.d.]

Section 224. Weather and climate
[for Part Two headnote see page 79

for Division IT headnote see page 92]

The articles and parts of articles referred to in Section 224 deal
with four main subjects: A, condensation of water in the atmo-
sphere; B, weather disturbances and storms; C, weather fore-
casting; and D, climate.

Subject A involves two processes that return water from the
atmosphere to the Earth in the hydrologic cycle. The outline
begins with the different indices of the water vapour content in
the atmosphere. It then deals with the processes of condensation
that change water from its vapour state into a liquid or a solid.
Separate articles are referred to that treat dew; frost; and the
formation, classification, weather effects, and artificial modifica-
tion of clouds and fogs. The outline then treats precipitation, cov-
ering its origin, its principal types—drizzle, rain, and freezing
rain; snow; and sleet and hail—and the world distribution of
rainfall. Finally it deals with the effects of precipitation, such as
erosion caused by raindrop impact or by surface runoff.

The outline of subject B begins with the formation, structure,
and distribution of cyclones and anticyclones and the develop-
ment of their associated frontal systems. It goes on to treat the
causes, types, and physical characteristics of thunderstorms. It
concludes with weather disturbances in the tropics, such as mon-
soon depressions, hurricanes, and typhoons.

The outline of subject C, weather forecasting, begins w1th the
worldwide synoptic weather service, which provides the funda-
mental information upon which weather maps are constructed,
comprising such elements as air pressure, temperature, humidity,

A. Condensation of water in the atmosphere producing clouds,
fogs, and precipitation

1. Moisture in the atmosphere
[see also 221.A.1.c.and 723.G.5.]

a. Humidity indices: measures of atmospheric moisture
i. Absolute humidity
ii. Specific humidity
iii. Relative humidity
iv. Dew-point temperature: the relation between
temperature and humidity

b. Climatic aspects of atmospheric humidity
[see D.1.e., below]
c. Effects of atmospheric humidity on the life and health of
man and other organisms
[see D.4., below]
2. Condensation of atmospheric water vapour

a. Causes of the vertical motion that leads to condensation:

convection, air mass convergence, and other processes
[see also 221.B.]
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articles article sections other references
13:440g-h 1:955f-958g
13:440h-441f/ 2:301h-302a /9:312c-d/
13:496g-497b 13:843a—c
18:387f-388¢
DENSITY 3:786e—f [3:788¢c~790b passim |
CURRENTS 8:298d-299¢ /11:497h—-498b
5:588-591
13:442g-443b/ 8:487g-h
4:719h-720e

wind speed and direction, and cloud heights. It goes on to deal
with the physical and dynamical principles involved in relative-
1y reliable short-range weather predictions from such data, and
with the methods used to obtain long-range weather predictions.
After a review of many important practical applications of
weather forecasting, the outline concludes by referring to an
article that gives separate treatment to the long history of weather
lore.

Subject D is climate, regarded as comprising the total experience
of weather and atmospheric behaviour over a number of years
in a given region, and specified by the average values of the
various climatic elements as well as their extreme ranges. The
outline begins with the several factors that generate climate. It
then deals with small-scale climatic variation, covering seasonal
changes, local effects, and the effects of urban concentration on
global climate. It goes on to treat various classifications of cli-
matic types; their distribution in the world; and their effects on
marine and terrestrial organisms, on vegetation and crops, and
on the life of man. The outline next deals with microclimates—
climates in small areas, within a very few feet above and below
the Earth’s surface and within the canopies of vegetation. It goes
on to climatic changes—long-term oscillatory fluctuations and
progressive changes. It treats the evidence for the several orders
of climatic change through geological time and the characteris-
tics of each such change. Finally, it treats theories of the causes
of climatic variation and projections of future climates.
other references

articles article sections

9:108d-109a /
18:1047a-b

HUMIDITY,

ATMOSPHERIC

9:1-5
9:1c-2f

9:1c-d
9:1d-f
9:1f-2a
9:2a-f

9:109b—d

18:361g-362f 5:393c-394¢ /19:872f-h



100  Part Two. The Earth

b. Condensation nuclei: atmospheric ions, salt and dust
particles on which water vapour condenses

c. Dew: liquid condensate deposited on exposed surfaces

d. Frost: water vapour deposited as ice on exposed surfaces
at subfreezing temperatures

3. Clouds and fogs
[see also 723.G.5.]

a. Formation and growth of clouds

b. Description and classification of clouds: the relation
between visual appearance and cloud altitude and
physical processes

c. Clouds and weather: the association of specific cloud
types with different weather patterns and atmospheric
disturbances

d. Fog: clouds near the ground, including advection,
radiation, and inversion fogs

e. Artificial modification of clouds and fogs by seeding

i. Cloud seeding principles and techniques: the use of
Dry Ice, silver iodide smoke, and other substances
as seeding agents

ii. Weather phenomena amenable to modification: fog,
precipitation, and certain storms

iii. Large-scale modification of weather and climate:
the feasibility of such modification and its ecological,
social, and legal implications
4. Precipitation: water that is released from clouds in the form
of droplets or ice particles
[see also 222.D. and 723.G.5.]
a. Origin of precipitation in clouds

i. Cloud formation
[see A.3.a., above]

ii. Mechanisms of precipitation release: formation of
precipitation particles by the coalescence process and
by ice crystal growth

iii. Precipitation from shower clouds and thunderstorms:

generation of heavy rain and hail
b. Types of precipitation
i. Drizzle, rain, and freezing rain

ii. Snow

iii. Sleet and hail

c. The world distribution of rainfall
i. Regional and latitudinal distribution

ii. Average precipitation amounts and the variability of
annual rainfall

d. Effects of precipitation; e.g., soil erosion caused by
raindrop impact, erosion caused by surface runoff

B. Weather disturbances and storms
[see also 221.B.]

1. Waves in the prevailing westerly winds and the
development of cyclones and anticyclones

a. Formation and structure of cyclones: the evolution of
cyclonic depressions and their associated fronts

b. Anticyclones and their formation: cold, warm, and
blocking anticyclones

c. Distribution of cyclones and anticyclones

articles article sections other references
14:960h-961b 4:756h-757b /18:1049d-g
DEW
5:679-680
FROST
7:749-750
CLOUDS 4:721d-h
4:756-761
4:756h~757d/ 2:322a-b/19:708c-¢
14:960h-961b /
18:361g-362f
4:757d-758g/
9:788¢c-d
4:758h-760c/ 5:395b—c/18:361d—¢
9:61d-h
4:760d-761g/
19:709d—f
WEATHER 1:359g-h 2:328e-h
MODIFICATION
19:707-711
19:708¢c-709¢ / 2:328e-g
14:961b-e
19:709d-711d
19:711d-g 2:328g-h
PRECIPITATION  19:709f-710c
14:960-964
14:960h-962b
14:961b-¢/ 4:757¢-d /16:912g-913¢c
4:721h-722c
14:961f-962b/ 2:322b-c
18:361g-364h
14:962d-963a
14:962h—f
SNOW AND 9:176e-177b
SNOWFLAKES
16:910-914
14:962g-963a /
19:710f-h
14:963a-h
14:963a-¢
14:963e-h/ 18:364f-h
4:738f-739b
14:963h-964b /
9:109d-111h
WINDS AND
STORMS
19:865-873
CYCLONES AND  19:868h-872c
ANTICYCLONES
5:392-395
5:393f-394h 4:758h—75%h /19:699d—f /
19:868h-86%h
5:394h-395¢ 4:719¢c-¢/19:871h-872a
5:395d-f 19:870d-872c
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articles article sections other references
2. Thunderstorms: disturbances initiated by the lifting of air THUNDERSTORMS
by fronts, thermal convection, or other factors 18:361-365
a. Causes and types of thunderstorms 18:361g-363d
b. Physical characteristics and phenomena of thunderstorms 18:363e-364d/ 4:759g-h
14:961f-962b/
18:519¢c-g
i. Updrafts and downdrafts and the vertical extent of 18:363f-364a
thunderstorms
ii. Turbulence 18:364b
iii. Movement of thunderstorms 18:364c-d
iv. Lightning and thunder LIGHTNING 18:519f-g/ 2:322b-—c
[see also 127.A. and B.] 10:965-970 19:710d-f
c. The weather under thunderstorms: phenomena observed 14:962h-963a
on the ground
i. Strong winds and heavy rains associated with isolated 18:364d-h
or local thunderstorms
ii. Tornadoes, hail, and other severe phenomena TORNADOES,
associated with organized storms or squall lines WHIRLWINDS,
AND
WATERSPOUTS
18:514-520
d. Factors that control the frequency of occurrence of 18:364h-365¢
thunderstorms
. Weather disturbances in the tropics 19:872h-873f
[see also 221.B.5.]
a. Waves in the easterly trade winds and equatorial trough 12:390d—e
disturbances including monsoon depressions or weak
cyclones
b. Tropical cyclones: hurricanes and typhoons HURRICANES 19:873d-f
AND TYPHOONS
9:58-64
i. Origins: the initiation, self-sustaining character, and 9:59¢—60g 19:873d-e
dissipation of tropical cyclones
ii. Physical properties and associated weather features: 9:60g-61h
wind velocity, clouds, precipitation, and storm energy
iii. World distribution: variations in occurrence by season . 9:61h-63a
and geographical location
iv. Storm damage and its prevention 9:63a-64c¢ 19:710h-711b
C. Weather forecasting: the plotting, analysis, and use of WEATHER
synoptic weather maps and charts FORECASTING
[see also 723.G.5.] 19:697-702

1. Synoptic weather data: the collection and correlation of 19:697d-698h /

meteorological observations

1:357h-358a /

12:59¢c-g
a. Analysis of synoptic charts 19:697h—698a 2:323a—c/19:864d-865d
b. Upper-air observations: charts plotted at standard 19:698a-d 12:58b-f
pressure levels
c. Radar and satellite observations: collection of useful 19:698d-h 12:57h-58b /12:58f-h
supplementary data
[see also 735.J.1. and 738.C.3.b.]
. Short-range weather prediction: the construction of 19:698h—700h 2:327e-328b

prognostic maps representing anticipated future weather
patterns

a. Physical and dynamical principles that govern the
development of weather patterns

19:698h-699f

19:870d-872¢

b. Local weather conditions: consideration of the effects of 19:699f-700c
topography and other factors
c. Synoptic forecasting: the sequence of steps for producing 19:700c—f
a weather forecast
d. Reliability of short-range forecasts 19:700g-h 2:327h-328b
. Long-range weather prediction: forecasting average 19:700h~702a 2:328b-d
weather conditions weeks or months in advance
a. Periods and trends of weather: prediction based on 19:701a—¢

analogy between the development of past and present
weather patterns
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articles

article sections other references

b. Physical relationships involved: factors that affect
climatic variability

c. Future prospects: the establishment of long-range
forecasting on a firm theoretical basis

19:701e—f/
2:323d-324b

19:701g-702a

4. Practical aspects of weather forecasting: applications in
aviation, agriculture, and other fields

19:702a—f

5. Weather lore: forecasts based on proverbs and beliefs WEATHER LORE
~ concerning the winds and appearance of the sky, weather 19:705-707
cycles, the behaviour of plants and animals, and other
phenomena

D. Climate: the aggregate of weather CLIMATE
[see also 133.B.5., 221, and 723.G.5.] 4:714-729

1. Factors that generate climate
a. Solar radiation
i. Variability of incident radiation: the solar constant

ii. Effects of the atmosphere

iii. Heating of the Earth’s surface

b. Temperature

i. Variation with latitude
ii. Diurnal, seasonal, and extreme temperatures
iii. Variation with height
c. Atmospheric pressure

i. Pressure systems and winds

ii. World storm belts and their distribution

d. The world’s oceans

4:714g-722¢
4:714g-716b 2:321c-d

4:714g-715¢c/
4:739d-g
4:7154-f/ 9:2h-3c
4:739g-740c/
18:1047g-h
4:715(-716b/
4:740cf/
19:711c—d
4:716¢c-718¢/
18:1045h-1047a
4:716c-717g

4:717g-718b
4:718b—e

4:718f-719g/

5:394f-395f/

19:865g-872¢

4:719a—c/ 5:604d-f
5:394h-395¢

4:719c-g/

5:395d-f/

9:61h-63a/

19:865h-872¢
4:719h-721b/

19:701e-f
i. Circulation, currents, and ocean—atmosphere 4:719h-720e /
interaction ) 13:442g-443b
ii. Surface salinities and surface ice 4:740h-741a/
4:720e-721b
e. The moisture cycle 4:721c-722¢/
9:2f-4d
i. Evaporation and condensation 4:721c-d 9:3h-4d /19:644f-645¢c
ii. World cloudiness and sunshine 4:721d-h
iii. Rain and snow 4:721h-722¢/
14:963a—¢/
18:364h-365¢c
2. Climatic variation 4:722¢-723d/
14:963e-h
a. Seasonal changes resulting from the north-south 4:722c-h
migration of belts of cyclonic activity and other cyclic
processes
b. Local effects: modification of climate by local terrain and 4:722h-723d
surface conditions
¢. The effects of urban concentrations URBAN CLIMATES 14:433c-d

18:1045-1053
i. Elements of urban climate: effects of cities on
temperature, humidity, wind, and other meteorological
conditions

ii. Pollution: concentrations of gaseous and particulate
pollutants in urban air
[see also 737.C.1.]

iii. Effects of man’s activities on global climate

18:1045h-1049g

18:1049g-1051h/ 5:49¢-h
14:750e-751a

18:1051h-1053e¢/ 5:49h-50b
2:319d-f/
14:756b-d



3. Climatic types

a.
b.

The K&ppen classification system
World climates and their distribution

. Influences of climate on terrestrial life

[see also 351.B.2.b.]

a.
b.

C.

On marine and terrestrial organisms
On vegetation and crops

On man

5. Microclimate: the climate near the ground

a.

f.

Microclimatic conditions

i. Temperature and moisture
ii. Wind and turbulence
iii. Dew and frost

iv. Heat balance and evaporation

. Factors affecting microclimates

i. Soils and surfaces

ii. Vegetative cover and forest canopies
iii. Topography
iv. Shelter and roughness

v. Advection: horizontal motion of air masses

. Relation of microclimates and macroclimates

i. Macroclimatic influences
ii. Microclimatic influences on weather and climate

. Influence of microclimates on the hydrologic cycle,

rock weathering, and other processes and
phenomena

. Microclimates as an element of the environment of

organisms
[see 351.B.2.d.]

Measurement of microclimates
[see 723.G.5.c.]

6. Climatic change
[see also 242.D.]

a.

Definitions of climatic variability and climatic change:

the orders of magnitude and time scales of climatic

variations; the distinction between oscillatory fluctuations

and progressive changes

. Evidence of pre-Pleistocene climatic changes

i. Types of data; e.g., the occurrence and distribution of

fossil coral reefs, glacial deposits, evaporites, coal
measures

ii. Synopsis of pre-Pleistocene climates

. Evidence of Pleistocene climatic changes
i. Types of data; e.g., the occurrence and distribution of

glaciers and permafrost; fluctuation of stream
discharge and lake levels

ii. Synopsis of Pleistocene climates

Division IL. Section 224 103

articles article sections other references
4:723d-727g/
2:324b—¢/
5:604h—-607e
4:723g-724h
4:724h-727g / 1:187g-189g /1:953d-955b/
8:280e-g 2:160c-163b /2:390h-392f /
5:606d-607e /6:1042g-1044c /
9:310h-311¢/13:186h—187h /
13:837g-842d /17:82c-84a/
18:733d-f
4:727g-72%h /
9:4d-5¢/
10:342e-343b
4:727g-728d 9:4d-g
4:728d-h/ 9:4h—5a /10:342f-343b
1:358¢c-360c
4:728h-729h / 9:4d-h /15:349f-h
5:395f-h/
9:58g-59%
MICROCLIMATES
12:114-121
12:114f-115h
12:114f-115¢
12:115d-e 19:841d-f
12:115¢ 5:679¢-680a passim |
7:749d-750a passim
12:115f-h 16:913g-h
12:115h-117¢ 1:358g-360c passim
12:115h-116¢c
12:116d-e 10:342f-343b
12:116f-117a
12:117b—
12:117c-e
12:117e-118c
12:117e-h
12:117h-118¢
12:118c-121f
CLIMATIC 2:324e-325a
CHANGE
4:730-741
4:730b-g/
14:963e-h

4:730h-732h/
3:859h-860d
4:731b-732¢/
5:252b—</
10:984f-g /
14:99d-g/
18:155h-160b /
18:697a—d
4:732e-h
4:732h-735b

4:732h-734h

5:679c-d /16:773h-774b

5:614d-h /14:742b-f/
17:840g-h

4:734h-735b
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d. Evidence of Holocene climatic changes

i. Types of data; e.g., evidence from pollen stratigraphy;
the fluctuations of river discharge, lake levels, and
glaciers; archaeological and historical data

ii. Synopsis of Holocene climatic trends
e. Modern climatic trends and meteorological records
i. Meteorological records and their evaluation

ii. Temperature and precipitation fluctuations since the
1870s

iii. Synopsis of modern climatic fluctuations

f. Theories of the causes of climatic variation; e.g., that
climatic variations are caused by variations in solar
radiation, atmospheric transparency, Earth’s orbit

g. Future climates: short-term and long-term trends

Division III. The Earth’s surface features
[for Part Two headnote see page 79]

The outlines, and the articles and parts of articles referred
to, in the two sections of Division III deal with the basic
physical features of the Earth’s surface and with the fea-
tures produced by geomorphic processes acting on the
Earth’s surface.

The outline and the articles referred to in Section 231
treat the vertical relief of the Earth’s surface; the stable
platform regions of the continents; the continental terrace
or continental margins; the oceanic deeps; coral islands,
coral reefs, and atolls; mountain ranges and mountain
belts; and oceanic ridges.

Section 232 treats the action of the hydrosphere and the
atmosphere on the Earth’s surface features; the effects of
actions from the biosphere, exosphere, and lithosphere on
the Earth’s surface features; the characteristic features of
the Earth’s major environments; and basic concepts in the
theory of landform evolution.

Section 231. Physical features of the Earth’s surface

[for Part Two headnote see page 79]

The articles and parts of articles referred to in Section 231 deal
with seven main subjects: A, the vertical relief of the Earth’s
solid surface; B, the stable platform regions of the continents;
C, the continental terrace; D, the oceanic deeps; E, coral islands,
coral reefs, and atolls; F, mountain ranges and belts; and G,
oceanic ridges.

The outline of subject A first deals with the distribution of land-

and sea on the Earth’s surface, the average elevation of the con-
tinents, and the classification of coastlines. It then deals with the
physiography of the seven continents and four oceans.

The outline of subject B begins with the size, distribution, char-
acteristics, and age of the continental shields, the ancient parts of
a continent on which younger sedimentary rocks were deposited.
It then covers the distribution and types of plateaus and of basins;
the rift valleys produced by faulting (displacement of the Earth’s
crust); and the several kinds of water bodies occupying fault-
bounded structural depressions.

Subject C is the continental terrace, which includes the com-
paratively shallow submarine plain called the continental shelf
and the much steeper zone, called the continental slope, which
merges with the deep-sea floor. The outline first deals with the
composition, structure, and origin of the continental terrace. It

article sections other references

4:735b-737d/
8:1004e-1007¢c
4:735b-737¢

articles

17:840f

4:737c-d
4:737d-739d
4:737d-738a

4:738a-739b /
18:1052f-1053b

4:739b-d

4:739d-741d /
18:1051h-1053¢

8:1007b—c /14:433c—d

1:955b-e/2:324g-h

4:741d-e/
19:711d-g
Section 231. Physical features of the Earth’s surface 104
232. Features produced by geomorphic processes
acting on the Earth’s surface 108

then treats the so-called submarine canyons that incise the con-
tinental terrace, covering their nature and distribution and the
theories that have been proposed regarding their origin.

Subject D is the ocean basins. The outline treats the composition
of the oceanic. crust; such features of the ocean floor as mid-
ocean ridges, trenches, and fracture zones; and explanations of
the origin of ocean basins in terms of new concepts of plate tec-
tonics and sea-floor spreading.

Subject E is coral islands, coral reefs, and atolls. The outline
treats the reef-building organisms; modes and geographic distri-
bution of reef accumulation today; reefs of the geological past
and their environmental significance; factors involved in reef
growth; and the several theories of reef development.

The outline of subject F covers the major types of mountains;
the major mountain systems that align to form mountain belts;
the geology, structure, and origin of long, curved chains of islands
called island arcs; and the rock types comprising the folded
mountain ranges and island arcs.

Subject G is oceanic ridges—elongated elevations on the ocean
bottom rivalling the subaerial mountain systems in magnitude.
The outline covers the classification, properties, origin and
growth, and distribution of oceanic ridges.
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articles article sections other references
A. Vertical relief of the Earth’s surface EARTH, PHYSI- 14:435b-d
OGRAPHY OF
6:42-48
1. Hypsography of the Earth’s surface 6:42f-45b 13:433b-¢
a. Distribution of land and sea 6:43b—44a 13:433b-c
b. Average elevation of the continents 6:44a—d
c. Coastlines: their classification and relation to continental 6:44d-45b 5:117d-f
shelves and coastal plains
2. Physiography of the continents 6:45b-47a/
: 14:527¢-528f
a. Europe 6:45b-¢ 6:1041c-1042f /

6:1044g-1046¢/
1:631h-633b passim |
1:634c-g /2:609h—-610c /
3:946f-949h passim |
3:1015f-1016g /5:488h-490e
passim [10:353d~g/
14:527g-h /15:315h-316h/
15:805h-807¢ /18:1032d—f/
19:172d-173d /19:508d-¢g
b. Asia 6:45¢e-h 2:155d-160c /2:163c-h/
1:639h-640a /1:716a-717a/
1:1052a-1054¢ /1:1066b—c /
2:596b—/2:641a-b/
3:104c-g/3:9802-981b /

! 3:1015f-1016g /6:523d-f/
7:879d-g /8:219g-220c/
8:882¢-883d /8:920h-921f/
8:1128g-1129g/9:492b—f/
10:402g-403a /10:543h-544f /
10:790g-791a /11:860g-862a /
13:431e—432¢/13:938g-939b /
14:527h-528¢ /16:199¢c-g /
18:206e—f /18:392e-393¢c/
18:402b-404a /18:1032d-f/
19:1072d-1074d passim |
19:1089c-h

c. Africa 6:45h—46b 1:185g-187g /1:189g-191f/
2:304c-¢ /4:17a—c/
4:1124d-1125¢/
6:116d-117a/6:120d-g/
10:373a—€ /12:819h-820c /
13:97a-f/13:103d-104f/
13:640d-641a /14:528c—</
16:147g-148¢ /16:540b-d /
19:162e-g/19:1127b-¢

d. Australia 6:46b—c 2:388d-390h /2:392f-393a /
7:125d-f/8:299g-300a /
12:1088c—f /14:528e—f

e. North America 6:46d-f 13:183d-185d/
13:187d-188h/1:414a—416a }
1:1015h-1016b/
2:749g-750b /4:910a— /
4:931b—d /7:696e-697a /
8:301a/11:265g-266h /
12:280d-282b passim |
13:203f-204a /13:824e-f/
14:527c—e /15:859h-860d /
15:964g-965f /
16:172g-173g passim |
19:1107g-1108d

f. South America 6:49f-h 17:80d-82b /17:84a-h/
1:653a-b /1:856d4-858¢g/
2:254f-g /13:737b-738a /
13:992b—c /13:999b-h /
13:1068¢c-g /14:525f-g /
14:527e-f /18:461g-462a

g. Antarctica 6:46h—47a 1:949¢-953d /15:1158h-1159d
3. The oceanic regions 6:47b—-48b
a. Principal oceanic features: mid-ocean ridges, continental OCEAN BASINS 6:47b-d/ 14:435e-g
margins, and abyssal depressions 13:434-436 13:472d-473b/

[see also 723.G.3. and 735.3.2.] 13:482c—484c
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b. Summary of submarine physiography

i. Arctic Ocean

ii. Atlantic Ocean

iii. Indian Ocean

" iv. Pacific Ocean

B. The stable platform regions of the continents
1. The continental shield areas: their age, structure, and

constituent rocks
[see also 214.B.4.]

2. Uplift, downwarp, and fracture of continental platforms

a. Plateaus and basins

i. Occurrence and distribution

ii. Specific examples; e.g., lava plateaus, intermontane
plateaus, basin and range topography, ice plateaus

b. Rift valleys ’

i. Their geomorphic characteristics
ii. Their geological history and structure
iii. Their origin
c. Water bodies occupying fault-bounded structural
depressions
i. Lakes and landlocked seas

ii. Inland seas with outlets to the oceans

iii. Elongated seas formed by crustal separation, such as

the Red Sea or the Gulf of California
[see also 241.G.]

C. The continental terrace or continental margins

1. Definitions and bathymetry

[see also 723.G.3. and 735.J.2.]

a. The continental shelf: the nearly horizontal strip of
seabed that extends from the low-water line to the
point at which there is a sharp increase in slope

b. The continental slope: the more steeply inclined zone
that extends from the shelf break to the ocean floor

. Composition: evidence from bottom samples and

geophysical techniques

a. Sediments of the shelf and slope and the currents that
deposit them

b. Influence of the Ice Age: effects of sea level fluctuations
on sediment deposition

3. Structure and origin

articles article sections other references
6:47d-48b/
13:474a-475h )
6:47d—e 1:1119g-1120d /2:721g-722b/
2:781d-f/8:1131e-h/
10:404d-£/10:681e—f/
19:819a—c
6:47e-f/ 2:294d-295¢ /2:667g-668f
13:474a-¢g 2:1096h-1097¢ /3:907c—f /
11:854¢-855g [12:77e~g/
13:249¢-g /16:403d-f/
19:722a-b
6:47f-g/ 9:307f-310¢ /1:85h—86a /
13:475¢c-h 1:839c-d /1:1060b—c/
2:835h-836a /3:951a—c/
14:106d-h /15:544f-545b
6:47g-48b/ 13:836g-837b /2:845a-¢/
13:474g-475¢ 4:405e-406h passim |
10:92b—/13:5414-f/
19:1078d-e
6:11d-12d/ 1:180e-g/2:147e-151¢e/
14:956b-h 2:384d-e/5:121f-g/

6:1037¢c—£/12:9h-10b/
13:178f-180e /14:953f-954c/
15:913g-h /17:75d—e

PLATEAUS AND
BASINS
14:526-529

14:527c-528f

14:528f-529f /
9:179h-181b/

9:216e-217a

RIFT VALLEYS 1:186h-187g/12:579b
15:841-846

15:842b-843¢c

15:843c—-844¢g

15:844g-846b

1:187b-f/6:116a~117¢c/
10:602¢e-h /
15:842b-843a passim
2:547e—f/2:1097d-g

8:484g-485a 15:545b-d
CONTINENTAL
SHELF AND
SLOPE
5:115-119

5:115f-116f

5:115g-116¢

5:116d-f 13:436d-¢

5:116f-118a

5:117a-d/ 10:983d-g /11:497g-498¢c

19:34d-h
5:117d-118a

5:118a-119¢/
6:44d-45b



a. Geophysical evidence: the interaction between sediment
deposition and crustal subsidence

b. Geological relationships: interpretations based on the
theory of continental drift and sea-floor spreading

4. Submarine canyons incising the continental terrace

a. Types of submarine valleys

b. Physical characteristics and geographic distribution of
submarine canyons

c. Relation of submarine canyons to adjacent land valleys

d. Transport of sediment through submarine canyons:
turbidity currents and graded deposits

e. Origin of submarine canyons
D. The oceanic deeps

1. Components of ocean basins
a. The oceanic crust

b. Major features of the deep-ocean floor

i. Mid-ocean ridges
[see G., below]

ii. Trenches
[see also 241.G.]

iii. Fracture zones
iv. Seamounts and guyots
v. Abyssal hills and plains
vi. Sediments of the ocean floor

c. Basin boundaries

i. The continental slope
[see C., above]

ii. The continental rise
2. The origin of ocean basins

E. Coral islands, coral reefs, and atolls
[see also 351.B. and 354.B.]

1. Fossil reefs and reef-building organisms

2. Present reef accumulation: water conditions, reef
geochemistry, biological factors

3. Origins and development of reefs and atolls

F. The major mountain ranges and fracture zones of the
Earth’s crust on the continents and beneath the oceans

1. Types of mountains; e.g., dome, block, fold, volcanic, alpine

2. The worldwide system of folded mountain ranges, fracture
zones, and volcanic island arcs

a. The Circum-Pacific System that includes the North and
South American cordilleras and the west Pacific island
arcs

b. The Tethyan System that separates the continental
platforms of Eurasia from Africa and India

¢. Subsidiary mountain ranges: systems associated with
regional domes of the continental platforms
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articles article sections other references
5:118c-119b
5:119b-¢
CANYONS,
SUBMARINE
3:786-791
3:786g-h 5:115h-116b
3:786h-787h
3:788a—
3:788c-78%¢ / 8:298g-299¢
5:590b-591h
3:789¢-791d
OCEAN BASINS
13:433-437
13:433h-436f
13:433h-434d/
6:51c—-¢
13:434d-436d
13:435b-d 9:1026g-1027h passim |
16:446g-h
13:435¢e-f 16:446b—
13:435f-436a
13:436a—c 14:435f-¢g
MARINE 13:436¢-d/ 2:300a—c /8:298d-299¢c/
SEDIMENTS 9:1028h-1029b/  9:231g-232a/9:310f-g/
11:495-500 16:636h-637c 10:983h-984b /13:843f-g/
16:766¢c-g
13:436d-f
13:436e-f 8:298g-299a
13:436g-437a/
9:125a-b
CORAL ISLANDS, 4:799d-g
CORAL REEFS,
AND ATOLLS
5:162-167
5:163b-164a/
4:731b-d/
7:560d—e
5:164a-165f 10:591h-593g passim
5:165f-167f 13:435g-h
MOUNTAIN
RANGES AND
MOUNTAIN BELTS
12:588-592

12:588g-590d /
19:505¢-507a

12:577h-578g

12:590d-592d /
12:578h-580c

12:590d-591d

12:591d-g

12:591h-592d

9:215a-b/9:1028e-h
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d. The volcanic island arc systems

i. Their geomorphic characteristics
ii. Their geology and structure
iii. Their origin
e. The rock types comprising the folded mountain ranges
and island arcs; e.g., metamorphosed sediments, basaltic

and andesitic lavas
[see also 212.F.2. and 214.B.4.]

G. Oceanic ridges: broad, uplifted regions beneath the oceans and

their associated fracture zones
[see also 241.G.]

1. Classification of ridges
a. The mid-ocean ridge system
b. Other ridges: lateral, linear, and boundary ridges;
microcontinents
2. Origin and growth of ridges
a. General geophysical properties

b. The theory of plate tectonics
[see 241.G.3.b.]

3. Occurrence and distribution of ridges
[see also A.3., above]

a. Ridges of the Atlantic Ocean
b. Ridges of the Pacific Ocean
c. Ridges of the Indian Ocean

articles article sections other references
ISLAND ARCS = . 19:507a-d
9:1025-1030
9:1026g-1027h
9:1027h-1030a 6:69¢-h /12:591b-d /
19:507b—d
9:1030a~h 19:507a-b
8:297f-d / 9:1028a—-d
9:217b-219b/
12:579h-580¢
OCEANIC RIDGES 13:435¢—f
13:472-475
13:472¢-473b
13:472d-h 6:47b—c [13:434g-435b/
15:841d-e
13:472h—473b
13:473b-h
13:473b-d
13:474a-475h 13:434h-435a
13:474a-g 2:294f-295b
13:474g-475¢c 13:837a-b
13:475¢c-h 9:310b—e

Geographical articles in the Macropadia

(Additional geographical entries may also be found in the Micropzdia)

Continents

AFRICA 1:177
ANTARCTICA 1:947
ASTA  2:145
AUSTRALIA 2:381
EUROPE 6:1033
NORTH AMERICA 13:174
SOUTH AMERICA 17:73

Mountains and mountain ranges
ALASKAN MOUNTAINS 1:414

ANDES MOUNTAIN RANGES 1:856
APENNINE RANGE 1:1011
APPALACHIAN MOUNTAINS

1:1015
ATLAS MOUNTAINS 2:304
CARPATHIAN MOUNTAINS 3:946
CAUCASUS MOUNTAINS  3:1015
EAST AFRICAN MOUNTAINS 6:120
ELBURZ MOUNTAINS 6:523
ETNA (MOUNT) 6:1017
EVEREST, MOUNT 6:1139

HINDU KUSH (MOUNTAINS)
8:920

JURA MOUNTAINS 10:353

KARAKORAM RANGE 10:403

KUNLUN MOUNTAINS 10:543

NEW GUINEA, MOUNTAIN RANGES
orF 12:1088

PACIFIC COAST RANGES 13:824

PAMIR MOUNTAIN AREA 13:938

PYRENEES RANGE 15:315

ROCKY MOUNTAINS 15:964

TIEN SHAN (MOUNTAINS) 18:392
URAL MOUNTAINS 18:1032
VESUVIUS (MOUNT) 19:98
VIRUNGA MOUNTAINS 19:162

Other features

BASIN AND RANGE PROVINCE
2:749

DEATH VALLEY 5:539

GRAND CANYON 8:277

GREAT BARRIER REEF  8:299

ALPS MOUNTAIN RANGES 1:633
ALTAI MOUNTAINS  1:639

HIMALAYAN MOUNTAIN RANGES
8:882

Section 232. Features produced by geomorphic processes acting

on the Earth’s surface
[for Part Two headnote see page 79 ’

for Division IIT headnote see page 104]

The articles and parts of articles referred to in Section 232 deal
with four main subjects: A, the action of the hydrosphere and
atmosphere on the Earth’s surface features; B, the effects of
actions from the biosphere, exosphere, and lithosphere on the
Earth’s surface features; C, the characteristic features of the
Earth’s major environments; and D, theories of landform evolu-
tion.

The outline of subject A covers the effects on the Earth’s surface
features of weathering and soil formation; of gravitational proc-
esses producing various types of Earth movements, such as rock-
falls and landslides; of rivers and the associated drainage systems
of streams and their tributaries; of wind transport of rock and
mineral material; of marine processes; of glacial processes; and
of lacustrine processes.

The outline of subject B begins with the physiographic effects
of various biological processes. It covers the effects of plants and

SALT RANGE 16:199
SIERRA NEVADA RANGE 16:739

VALLEY OF TEN THOUSAND
SMOKES 19:20

organisms on rock weathering and soil formation; the effects of
animal trails, tracks, and burrows on the erodability of Earth
materials and on sediment yield; the effects of vegetation type

-and density on sediment yield; the direct and indirect effects of

man’s action on the Earth’s surface features; and the effects of
extraterrestrial and volcanic-tectonic processes.

Subject C is the characteristic features of the Earth’s major
environments. The outline covers the fluvial environment; the
lacustrine environment; the estuarine environment; the marine
environment; the desert environment; the glacial environment;
the polar environment; the tropical environment; the temperate
environment; and such aspects of the subterranean environment
as geysers, hot springs, fumaroles, and caves and cave systems.

Subject D is theories of landform evolution, a term applied to
all changes in the Earth’s surface features throughout time,
broadly caused by the interaction of the opposing processes of
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relative uplift on the Earth’s surface and downwearing by
weathering and erosion. The article referred to covers basic
concepts involved in the theory of landform evolution—the con-

cept of uniformitarianism; the concept of the cycle of erosion;
the concept of morphogenetic regions; the concept of dynamic
equilibrium; and the concept of entropy.

articles article sections other references
A. The action of the hydrosphere and atmosphere on the Earth’s
surface features
1. Weathering: the disintegration and alteration of rocks WEATHERING 5:609f-610¢
at or near the Earth’s surface 19:702-705
a. Processes involved in weathering 19:703b-705a / 16:475g-h
13:563f-h
i. Physical processes; e.g., freeze—thaw cycles, 19:703b-704c
crystal-growth pressures :
ii. Chemical processes; e.g., solution effects, hydration, 19:704c-705a / 3:1023e-1024d /7:734c-735a /
hydrolysis, oxidation 4:705f-g/ 7:1032h-1033¢ /12:94d-f/
16:1018g-1020c  13:563f-h
b. Factors that control the type and rate of rock 19:705a-¢/ 3:1024f-1025d /16:1022¢
weathering; e.g., rock composition and structure, 7:1033g-1034f/
climate 12:118g-h
c. Soil formation SOILS 5:46g-47a [6:708e-709¢

i. Processes of soil formation: clay formation,
humification, leaching, dispersion of soil
constituents, development of soil profiles, and
rates of soil formation

ii. Factors involved in soil formation: effects of
climate, drainage, topography, living organisms,
and parent material
[see also 354.A.2.b.i.]

iii. Classification and nomenclature of soil groups
iv. Geographic distribution of soils

16:1018-1028

16:1018g-1022¢g/
5:1091d-1092¢

16:1022g-1024a /
5:1092¢-1093b /
8:281d~h/
16:1014h-1018a

16:10242-1025d

16:1025d-1028b

11:27c-f /14:434h-435b |
19:704d-705a

7:537b—e [7:733c-¢/
16:467a-b

1:191f-193c /2:163h-167b/
2:393a-b/6:1046¢c-h /
13:189d-190c /17:84h-85¢g

v. Soil crusts DURICRUSTS 10:340e-341c 5:610c— /19:704d—f
5:1088-1093
2. Gravitational processes on hillslopes EARTH
MOVEMENTS ON
SLOPES
6:63-67
a. Factors producing earth movements; e.g., slope angle, 6:63d-h 14:432a-b
material type and water content, climate, earth tremors
b. Types of earth movements; e.g., rockfalls, creep, 6:64a—66¢
bulging, landslides, debris slides, slumps
c. Characteristics of unstable slopes 6:66e-g
3. Fluvial processes FLUVIAL
[see also 126] PROCESSES
‘ 7:437-446 i
a. The flow of water in a natural channel 7:438b—440c 11:789d—e
b. Entrainment and transport of sedimentary particles 7:440c-441d/ 6:972d-973b
1:615d-616e
¢. Materials transported by natural rivers 7:441d-442c/ 6:709g-710b /15:876¢e-g
1:613e-614h
d. Erosion and deposition in natural channels 7:442c-444g | 6:973b-c/10:626d—</
15:870d-871d/ 19:641e-f/
15:881g-883¢c/ 19:642c-643a passim
) 16:475g-476¢
e. River forms and fluvial processes in different 7:444h—446¢ 15:877h-879c¢ passim |
environments 15:867f-h
f. The flow of rivers in estuaries
[see C.3.b., below]
g. The flow of ephemeral streams
[see C.1.d.iv., below]
h. The relationship of rivers and groundwater 15:877h-879¢ 8:435d-h
i. The sediment yield of drainage systems SEDIMENT YIELD = 7:441d-444h/ 14:434g-h
[see also 731.A.4.] OF DRAINAGE 7:532¢-533a/
SYSTEMS 10:604f-605a
16:474-479
i. Measurement of sediment yield and sediment load 16:475b-g 7:441e-h
ii. Sources of sediment and nature of deposition 16:475g-476¢ 6:972f-h

7:442b-444h
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iii. Factors that influence sediment yield
j. The erosion of canyons and valleys
k. The formation of hillslopes

i. Hillslope form
ii. Hillslope processes
iii. Hillslope development
4. Eolian processes

a. Transportation of rock debris by wind: the relation
between air flow and the mechanics of particle
movement

b. Effects of wind transport: modification of particles;
deflation of surfaces; abrasion by sandblasting

c. Deposition by wind: formation and migration of dunes;
the role of vegetation

d. Wind action and the works of man: benefits and
hazards of dune environments

5. Marine processes

a. Erosion and deposition of coastal materials by waves
and currents

b. Transport of sediment by density flows

6. Glacial processes
[see also C.6., below]

a. Glacial erosion
b. Glacial transport

c. Glacial deposition
d. Glacial loading and unloading

e. Periglacial processes: formation of permafrost,
development of thermokarst topography, and related
processes

7. Lacustrine processes
a. Erosion and deposition by waves and currents

b. Sedimentation in lakes

c. Effects of flora and fauna on lakes and lake systems
[see 354.B.3.a.] .

B. The effects of actions from the biosphere, exosphere, and
lithosphere on the Earth’s surface features
1. Biological processes
[see 351]
a. Effects of plants and organisms on rock weathering
and soil formation
[see A.1.b. and A.1.c.ii., above]
b. Effects of animal trails, tracks, and burrows on the
erodability of Earth materials and on sediment yield
[see A.3.i.iii., above]

c. Effects of vegetation type and density on sediment yield
[see A.3.i.iii., above]

d. Effects of man on the Earth’s surface features
[see also 355, 731, 733.B., 734, and 737]

i. Direct effects; e.g., land cultivation, mining,
construction of artificial channels and coastal works

ii. Indirect effects; e.g., land subsidence, slope failure,
erosion, sedimentation, earthquakes -

articles

article sections other references

HILLSLOPES
8:873-880

16:476e-47%
6:63d-h

10:626b-d

8:874¢-875f
8:875g-878¢
8:878e-880¢

WIND ACTION
19:841-847

14:556e-557a 4:731h-732a /5:611b—f
19:841d-843a/

9:229g-230g/

16:209¢c-g

19:843a-844¢g 14:556f-g

19:844g-846d /
16:209g-211h/
19:35¢

19:846d-h

5:611c-d /14:556g-557a

16:636e-g

2:778a-779f/
10:594a—c/
19:655h—656¢

5:590g-591h 3:788¢-790b passim |

8:298d-299¢ /11:497h-498b

GLACIATION,
LANDFORMS
PRODUCED BY
8:165-167

14:563c-564b

8:165d-g
8:165g-166¢/
12:157e-f
8:166¢c-g
8:166h-167d/
14:563e-564b
8:167g-h/
14:90h-91e

8:1002c-1003c

14:93¢-94f passim

10:610c-f

5:589g-590c/
10:604d-605¢/
19:32a~34d

PHYSIOGRAPHIC
EFFECTS OF MAN
14:429-433

7:437g-438a

14:430g-431f/
3:759f-362d
4:807d-f/
6:975d-g

14:431f-433¢

8:641a—643e passim

2:779f-780f /6:970g |
15:903d-¢/
16:476d-477¢ passim



2. Extraterrestrial processes
[see also 133.A.4.d.]

a. The occurrence of meteorite craters and the concept of
the astrobleme: the number of known or suspected
terrestrial impact structures

b. The impact cratering process: evidence from field
studies and from theoretical and experi_mental
investigations

c. Criteria of impact origin of landforms; e.g., crater
geometry, shock metamorphism of rocks

3. Volcanic-tectonic processes

a. The effect of volcanic eruptions on the Earth’s surface
features
[see 212.D.4. and 231.F.]

b. The effect of uplift and other tectonic movements on
the Earth’s surface features
[see also 212.F.2. and 241.E.]

C. The characteristic features of the Earth’s major environments
1. The fluvial environment

a. Distribution of rivers in nature: comparative data on
major world rivers; principles governing river
distribution and flow

b. Drainage patterns: Horton’s laws of drainage
composition; the relation between streamflow and
basin geometry; evolution of drainage systems

c. The geometry of river systems

i. Hydraulic geometry: variations in channel
characteristics in relation to discharge

ii. River channel patterns; e.g., straight, meandering,
braided

d. Streamflow and fluvial landforms

i. Peak discharge and flooding: frequency of
occurrence of floods

ii. River floodplains and terraces
iii. River deltas

iv. Ephemeral streams
v. Waterfalls: the result of discontinuities of river profile

e. The evolution of river systems through geological time
2. The lacustrine environment

a. Lake basins
i. Classification and topography of lake basins

ii. Lake sediments: clastic sediments and chemical
precipitates

b. Lake waters

i. Chemical composition: dissolved salts, gases, and
other constituents

ii. Thermal properties: vertical mixing and overturn;
the heat budget of lakes

c. Lake hydraulics
[see also 223.B. and C.]

i. Lake currents: effects of pressure gradients, wind
stress, and stratification

ii. Surface waves: generation of waves by wind
iii. Seiches: long-period lake oscillations
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articles article sections other references
METEORITE 12:43a-d
CRATERS
12:48-54
12:48c-49f
12:49g-52a 12:43a—c [18:63e-g
12:52a-54b/ 12:43c-d
15:959g-h
PHYSIOGRAPHIC 14:556c—¢ 5:121c-€/10:602¢-h |
EFFECTS OF 15:913e-g
TECTONISM
14:433-435
RIVERS AND 12:168a-170b
RIVER SYSTEMS
15:874-888
15:876h-879c/ 1:1033c—e /5:608d—f
7:444h-446¢
15:879c-880f 10:633h-634a/
16:478f-479¢g passim
15:880g-883c
15:880g-881g 10:632b-633h
15:881g-883¢c 7:442¢c-h
15:883c-887c/
7.444h—446¢
15:883c-884f 7:443f-h /19:645h—646b
15:884-886b
RIVER DELTAS 15:886¢f/ 5:116b-c/17:838d-¢
15:867-874 4:798g-799d
15:886g-887¢c 5:608d-f/6:610g—-611a
WATERFALLS
19:638-643
15:887c-888d 7:442h—444g
LAKES AND 1:1032c-f
LAKE SYSTEMS
10:600-612
10:602e-605¢
10:602¢-604d /
8:171d-172a
10:604d-605¢/
8:174f-h/
19:32a-34d
10:605d-608d
10:605d-606¢e
10:606f-608d / 1:1032d-¢

12:166b-168a
10:608d-610f

10:608d-609b

10:609b-¢
10:609e-610b

13:494g-h
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articles article sections other references
iv. Effects of wave and current action
[see A.7.a., above]
d. The hydrologic balance of lakes 10:610g-612f/
8:176f-177a
i. The water budget: water input and output; 10:610g-612¢
water-level fluctuations
ii. Lake extinction 10:612d-f
e. Lakes in arid regions
[see C.5.c.ii., below]
f. Glacial lakes
[see C.6.e.i., below]
g. Swamps, marshes, and bogs SWAMPS, 4:799h-800b
) MARSHES,
AND BOGS
17:836-840
3. The estuarine environment ESTUARIES
- 6:968-973
a. The formation of estuaries 6:969c-970g
i. Effects of changes in sea level 6:969¢c—¢
ii. Factors that control the geomorphology of . 6:969¢e-h
estuaries
iii. Factors tending to destroy estuaries; e.g., sediment 6:970c-g
influx, vegetation encroachment
b. Hydrologic features of estuaries 6:970h-973¢c
i. Factors controlling and affecting estuarine 6:970h-971b
circulation; e.g., tides, river discharge
ii. Types and examples of estuarine circulation 6:971c-972b
iii. Relation of estuarine circulation and sediment 6:972c-973¢c
transport
4. The marine environment COASTAL
FEATURES
4:795-802
a. Coastal features resulting from depositional processes 4:796b-800b
i. Beaches: materials, morphological features, and ' BEACHES 4:796b-797d
physical processes 2:777-781
ii. Sand dunes and sandbars 4:797e-798¢g 2:780g-h/

16:208h-212¢ passim
iii. River deltas
[see C.1.d.iii., above]

iv. Coral reefs

[see 231.E.]
v. Lagoons LAGOONS 6:1135n-1137c 5:167d-£/10:983d-g

[see also 354.B.] ] 10:591-5%4

vi. Marshes
[see C.2.g., above]

b. Coastal features resulting from erosional processes; e.g., 4:800b-801c 3:1023b—<
sea cliffs and related landforms

¢. Coastal features dependent on bedrock type, bedrock 4:801d-802h
structure, or local topography; e.g., grottoes, spouting
holes, fjords, peninsulas, islands

d. Submerged coastal features: the continental shelf and
slope; submarine canyons
[see 231.C.]

5. The desert environment DESERTS
5:602-615
a. General aspects of deserts: basic types of deserts and 5:602e-604a
their climatic features; areal extent of the major deserts
of the world today; economic importance of deserts

b. The aridity of deserts: the cause and definition of deserts 5:604d-607¢
[see also 224.D.]

i. General cause of the arid zone: the pattern of 5:604d-g
circulation of the atmosphere

ii. The definition of aridity: indices of aridity; the 5:604h-607¢
classification of arid regions

c. Hydroloéic aspects of deserts 5:607e-609f



f.

i. Principal hydrologic factors: effects of climatic,
topographic, and geologic features

ii. Surface water
iii. Subsurface water

. Geomorphic processes that shape desert landforms:

weathering, gravitational, fluvial, and eolian
processes

Surficial features

i. Mountains, plateaus, pinnacles, and similar
features

ii. Alluvial fans: fan-shaped sedimentary deposits
bordering highlands from which the sediment was
derived

iii. Pediments: bedrock surfaces fringing desert highlands

iv. Desert plains, basins, and depressions
v. Playas, pans, and saline flats

vi. Sand sheets and sand dunes

The permanence of deserts: evidence concerning the

location of arid regions in the geological past
[see also 224.D.6.]

i. Climatic change: the relation between latitudinal
climatic zonation and continental drift

ii. Desert boundaries: possible future expansion or
contraction of desert areas

6. The glacial environment
[see also 354.A.1.c.i.]

a.

b.

€.

Processes of glaciation
[see A.6., above]

Landforms produced by glacial erosion

i. Microrelief and small-scale features; e.g., rock
polish, striations, grooves

ii. Glaciated valleys and associated features; e.g.,
cirques, arétes, horns, valley profiles and cross
sections, fjords

iii. Glacially eroded rock basins in non-mountainous
regions

. Landforms produced by glacial deposition

i. Nonstratified drift and associated landforms; e.g.,
glacial till, moraines, drumlins

ii. Stratified drift and associated landforms; e.g.,
ice-contact deposits, kames, eskers

iii. Glaciolacustrine sediments and associated landforms

. Landforms produced by periglacial processes

i. Permafrost: perennially frozen ground

ii. Talus, rock glaciers, and blockfields

iii. Patterned ground, including stone nets, stripes, and
polygons, and features related to the melting of
buried ice masses; e.g., pingos

iv. Eolian deposits
Modern landforms and former glaciation
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8:176e-177g/
14:564c-567h

articles article sections other references
5:607e-608c
5:608c-609a
5:609a—f/
8:434a-435¢
5:609f-611f/
19:843a-846d
5:611f-613h
5:611g-612b
ALLUVIAL FANS  5:612b—c
1:611-617
PEDIMENTS
13:1103-1106
5:612d-g 19:843d-g
PLAYAS, 5:612g-h/ 14:565¢-566a
PANS, 5:1091b—c/
AND 6:1135¢c-h
SALINE
FLATS
14:552-558
SAND SHEETS 5:613b-h/
AND SAND 19:844h-845g
DUNES
16:208-212
5:614a-615a
5:614a-h
5:614h-615a
GLACIATION, 18:733c-d
LANDFORMS
PRODUCED BY
. 8:164-177
8:167h-172a/ 19:641b-d
10:603c—g
8:168a—g
8:168g-171d
8:171d-172a
8:172a-174h
8:172e-173f
8:173f-174f
8:174f-h/
19:32a-33e
8:174h-176¢/
14:561c-g
PERMAFROST 8:175a-d
14:89-95
8:175d-g
8:175g-176¢/
14:93c-94f
8:176¢c—¢
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7.

8.

10.

i. Modern lakes and Pleistocene forerunners

ii. Coastal features and sea-level change
iii. Drainage patterns and ice disruption

iv. Climatic implications

The polar environment
[see C.6., above and 354.A.1.d.i.]

The tropical environment
[see also 354.A.1.c.iv.]
a. Varieties and characteristics of rain forests

b. Topography and hydrology
i. Rock type and landscape
ii. Precipitation, evapotranspiration, and runoff
¢. Weathering and soils
i. Tropical weathering
ii. Lateritic soils
iii. Erosion in rain forests
d. Geological history of rain forests

. The temperate environment: woodlands and grasslands

[see 354.A.1.c.ii., iii., and v.]

The subtérranean environment
[see also 354.A.1.d.ii.

a. Springs and wells
b. Geysers, hot springs, and fumaroles

c. Caves and cave systems

i. Their origin, evolution, and features

ii. Karst topography: hummocky terrain resulting from
subsurface cavern development and consequent
slumping of the ground surface

D. Basic concepts in the theory of landform evolution

. The concept of uniformitarianism: that the processes

operative on the Earth’s surface in the geological past did

not differ in kind from those that are operative today
[see also 242]

. The concept of the cycle of erosion: that landforms

progress through a series of well-defined stages with time,
culminating in a planar erosion surface termed a peneplain

. The concept of morphogenetic regions: that the influence

of climate on landform development is so profound that
regions of similar landforms may be defined solely on a
climatic basis

. The concept of dynamic equilibrium: that landforms reflect

a balance between the processes now operative upon them
and the degree to which their rock type and structure resist
these processes

. The concept of entropy: that landforms reflect the most

probable of all possible alternative states in nature; that
their development is well matched by stochastic or

random-based models
[see also 124.A.]
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Geographical articles in the Macropadia

(Additional geographical entries may also be found in the Micropzdia)

Rivers and waterfalls

AMAZON RIVER 1:652

AMU DARYA (RIVER) 1:715

AMUR RIVER 1:716

BRAHMAPUTRA RIVER 3:104

COLORADO RIVER 4:910

COLUMBIA RIVER  4:930

CONGO RIVER 4:1123

DANUBE RIVER 5:488

DNEPR RIVER  5:923

DNESTR RIVER 5:925

DON RIVER 5:957

DVINA RIVER, NORTHERN
5:1096

DVINA RIVER, WESTERN
5:1097

ELBE RIVER  6:522

FRASER RIVER 7:696

GAMBIA RIVER  7:865

GANGES RIVER  7:879

GUADALQUIVIR RIVER  8:450

HSI CHIANG (RIVER) 8:1124

HUANG HO (RIVER) 8:1128

IGUAGU FALLS 9:233

INDUS RIVER  9:492

IRRAWADDY RIVER 9:898

JORDAN RIVER 10:275

LENA RIVER 10:790

LOIRE RIVER  11:87

MACKENZIE RIVER  11:265

MEKONG RIVER 11:860

MISSISSIPPI RIVER  12:280

NIAGARA RIVER AND FALLS.
13:57

NIGER RIVER 13:97

NILE RIVER 13:102

OB RIVER  13:431

ODER RIVER 13:506

OKAVANGO RIVER 13:539

ORANGE RIVER  13:640

ORINOCO RIVER  13:737

PARAGUAY RIVER 13:991

PARANA RIVER  13:999

PLATA, RIODE LA 14:525

RHINE RIVER  15:805

RHONE RIVER 15:822

RIO GRANDE  15:859

SAINT LAWRENCE RIVER 16:172

SAO FRANCISCO RIVER  16:235

SEINE RIVER 16:488

SENEGAL RIVER  16:540

TAGUS RIVER  17:988

TARIM RIVER  17:1069

THAMES RIVER 18:205

TIBER RIVER 18:372

TIGRIS-EUPHRATES RIVER SYSTEM
18:402

VICTORIA FALLS 19:114

VISTULA RIVER 19:172

VOLGA RIVER  19:508

VOLTA RIVER 19:516
WESER RIVER 19:759
YALU RIVER  19:1069
YANGTZE RIVER  19:1072
YENISEY RIVER  19:1089
YUKON RIVER 19:1107
ZAMBEZI RIVER 19:1127

Lakes and landlocked seas
ALPINE LAKES 1:631
ARAL sea 1:1066

BAIKAL, LAKE 2:596
BALATON, LAKE 2:609
BALKASH, LAKE 2:641
CASPIAN SEA  3:980
CHAD, LAKE 4:17

DEAD SEA 5:524

EAST AFRICAN LAKES 6:116
EYRE, LAKE 7:125
GALILEE, SEA OF - 7:850
GREAT LAKES 8:301
GREAT SALT LAKE 8:305
ISSYK-KUL, LAKE 9:1067
KOKO NOR (LAKE) 10:498
LADOGA, LAKE  10:584
NICARAGUA, LAKE 13:63
ONEGA, LAKE 13:570
TITICACA, LAKE 18:461
URMIA, LAKE - 18:1084
VAN, LAKE 19:20

Deserts

ARABIAN DESERT 1:1051

ATACAMA DESERT 2:254

GOBI (DESERT) 8:219

KALAHARI (DESERT) 10:373

KARA-KUM DESERT 10:403

NAMIB DESERT 12:819

NORTH AMERICAN DESERT
13:203

PATAGONIAN DESERT 13:1068

SAHARA (DESERT) 16:147

SINAI DESERT 16:779

TAKLA MAKAN DESERT 17:1001

THAR DESERT 18:206

Other features
AMAZON RAIN FOREST 1:650
EVERGLADES 6:1141
GRAN CHACO 8:274
GREAT PLAINS 8:304
ITURI FOREST 9:1176
LLANOS 11:5
PANAMA CANAL 13:945
PRIPET MARSHES 14:1096
RUSSIAN STEPPE  16:100
SAINT LAWRENCE SEAWAY
16:174
SUEZ CANAL 17:766
VELD 19:56

Division IV. The Earth’s history

[for Part Two headnote see page 79]

The outlines, and the articles and parts of articles referred
to, in the three sections of Division IV deal with the origin
and development of the Earth and its envelopes; the inter-
pretation of the geological record; and the eras and periods
of geological time.

The outline and the articles referred to in Section 241
treat the origin and development of the lithosphere, of the
atmosphere, and of the hydrosphere; the formation and

- growth of the continents and of the mountain ranges and
belts; the theory of continental drift; and the theory of sea-
floor spreading.

Section 242 treats the stratigraphic, the paleontological,
and the paleogeographical interpretations of the geological
record; the relative and absolute dating of the Earth’s his-
tory; and the reconstructing of the geological history of the
Earth.

The articles referred to in Section 243 treat the rocks, the
life, and the environments in Precambrian time and in the
Lower Paleozoic, Upper Paleozoic, Mesozoic, and Ceno-
zoic eras.

Section 241. Origin and development of the Earth and its
envelopes

[for Part Two headnote see page 79]
The articles and parts of articles referred to in Section 241 deal
with seven main subjects: A, the origin and development of the
lithosphere; B, the origin and development of the atmosphere;
C, the origin and development of the hydrosphere; D, the forma-
tion and growth of the continents; E, the formation and growth
of mountain ranges and belts; F, the theory of continental drift;
and G, the theory of sea-floor spreading.

The outline of subject A covers theories of the origin of the
Earth and theories about the evolution of the crust, the outer

Section 241. Origin and development of the Earth and its

envelopes 115
242. The interpretation of the geological record 119
243. The eras and periods of geological time 123

part of the Earth, from the mantle that underlies the crust.

The outline of subject B begins with the relation of the develop-
ment of the Earth’s atmosphere to the origin of the solar system
and the development of other planetary atmospheres. It goes on
to speculations about the original atmosphere of the Earth and
hypotheses about the evolution of the present terrestrial atmo-
sphere. It also deals with the effects of man’s activities on the heat
balance or composition of the atmosphere.

Subject C is the origin and development of the hydrosphere.
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The outline begins with speculations about the early oceans and
about the transition stage from about 3,500,000,000 to 1,500,-
000,000 years ago. It goes on to the modern chemical view of the
oceans as a steady-state system in which rates of inflow of ma-
terials into the oceans equal rates of outflow, resulting in a nearly
fixed seawater composition. It next treats evidence concerning the
evolution of the hydrosphere-atmosphere derived from the anal-
ysis of the mass and distribution of sedimentary rocks that have
been deposited from the oceans during geological time. Finally, it
deals with the evidence for limits on past variations of seawater
composition.

Subject D is the formation and growth of the continents. The
outline begins with the processes that govern crustal develop-
ment—exogenic processes, including weathering and the forma-
tion of sedimentary rocks, and endogenic processes, including
magmatism, metamorphism, and tectonism. It goes on to deal
with the types and evolution of endogenic regimes, which are
regular combinations of endogenic processes, appearing in each
interval of geologic time in definite zones, the effects of which
characterize the continents. Finally, it treats the various lines
of geophysical evidence for a long-term stability in the rela-
tions between endogenic regimes and deep-seated Earth processes.

The outline of subject E begins with the relation of the distribu-
tion of mountain belts to the movements of large plates of the
Earth’s crust postulated in the new theory of plate, or global, tec-
tonics. It goes on to such generalizations as are possible about
the highly varied composition and structure of the tectonic
mountain belts. It next deals with the geosynclinal hypothesis of
mountain building—namely, that mountain belts form at the site
of long, narrow, sediment-filled troughs called geosynclines.

A. The origin and development of the lithosphere
[see also 213.A.]

1. Theories of the origin of the Earth
[see also 133.A.7.]

a. Homogeneous accretion: that the Earth formed slowly
from metal and silicate particles and was originally
cool and unmelted and of relatively uniform
composition

b. Inhomogeneous accretion: that the origin of the Earth
was a sequential process, the formation of a metallic
core followed by the accretion of an overlying silicate
mantle

c. Single-stage accretion from primordial material: that
the Earth formed so rapidly that melting of the outer
layers occurred with the subsequent gravitational
segregation of core from mantle

2. The evolution of crust from mantle: processes involved in
the geochemical differentiation of the Earth’s outer layers

B. The origin and development of the atmosphere
[see also 133.A.7. and 221.A.]

1. The relation of the development of the Earth’s atmosphere
to the origin of the solar system and the development of
other planetary atmospheres

2. The original atmosphere of the Earth

a. Evidence from the atmospheric abundances of the noble
gases and the theory of planetary origins

b. Anoxic state of the original atmosphere: evidence that
the Earth’s primitive atmosphere was devoid of oxygen

3. Evolution of the present terrestrial atmosphere

a. Additions to the atmosphere: escape of volatile
components from the Earth’s interior; gases produced by

radioactive decay
[see also 111.C.]

Finally, it treats stages in the development of mountain systems.
Subject F is the theory of continental drift—the theory that the
continents have undergone, during geologic time, large-scale
horizontal displacements relative to each other and to ocean
basins. The outline, after reviewing the history of the controversy
about the concept of continental drift, deals with the main lines
of evidence, in addition to the apparent matching of continental
margins, currently thought to favour the hypothesis of continental
drift. It first treats geological data, such as recently discovered
matches between ancient rocks on now separated continents, and
fossil discoveries showing identical species of plants and animals,
strictly adapted to living on land or in freshwater, on both sides
of large marine barriers. It goes on to paleomagnetic data that
indicate polar wandering and reversals of the geomagnetic field,
and to evidence that the ocean floors are geologically young. The
outline also treats the claims of the geological theory called plate
tectonics to suggest what mechanisms could have generated the
displacements of continental drift. :
Subject G is the theory of sea-floor spreading—the theory that
the ocean basins are expanding or contracting as a result of the
outward spreading of a newly generated oceanic crust from the
mid-ocean ridges. The outline, after reviewing the development
of the concept of sea-floor spreading, deals with the evidence for
it, covering the anomalously high values of heat flow over mid-
ocean ridges; the linear magnetic anomalies that parallel the
mid-ocean ridges and their relation to geomagnetic reversals;
and data about the age and distribution of marine sediments.
Finally, it treats the structural elements of the sea-floor spreading
model and the hypotheses about the causes of sea-floor spreading
in plate tectonics theory.
other references
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b. Changes in composition: reactions that control the
production and accumulation of oxygen in the
atmosphere
[see also 335.B.]

c. The hypothetical course of atmospheric evolution:
evidence from the geological record

4. Effects of man’s activities: possible changes in the heat
balance or composition of the atmosphere as a result of
pollution

5. The present atmosphere
[see 221.A.]

C. The origin and development of the hydrosphere

1. The early oceans: condensation of volatile components of
the primitive atmosphere as a result of the cooling of the
Earth

2. The transition stage from about 3,500,000,000 to
1,500,000,000 years ago: reactions between initially acid
oceans and the Earth’s basaltic crust

3. The chemical view of the modern oceans: evidence to
account for present seawater composition

a. Chemical equilibria between minerals and seawater

b. Mass balance of the oceans: the addition and removal of
seawater constituents

c. Experimental evidence based on reactions between clay
minerals and seawater solutions

4. The mass and composition of sedimentary rocks: evidence
for recycling of the dissolved constituents of the oceans

5. Periodic compositional excursions: evidence for limits on
past variations of seawater composition

6. The present hydrosphere
[see 222 and 223]

D. The formation and growth of the continents

1. The Earth’s crust and upper mantle

a. Composition and structure of the Earth’s crust and upper

mantle
[see 213.A.]

b. Processes that govern crustal development: exogenic
processes, including rock weathering and the formation
of sedimentary rocks; endogenic processes, including

magmatism, metamorphism, and tectonism
[see also 212.D.2., 214.B.1.c., and 232]

2. Endogenic regimes of the continents

a. Types of endogenic regimes: geosynclines, platforms,
rifts, continental margins
[see also 231]

b. Evolution of endogenic regimes: the original
differentiation of the crust; tectonic cycles; the role of
compressive forces and folding

3. The relation between endogenic regimes and deep-seated
Earth processes

a. The nature of the geophysical evidence: correlations
between endogenic regimes and crustal thickness;
properties of the asthenosphere; heat flow data

b. The vertical-force basis of continent building:
gravitational differentiation driven by the internal heat
of the Earth; the crustal-sinking hypothesis

E. Orogenesis: the formation and growth of mountain ranges and
belts
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1. The distribution of mountain belts in relation to global
tectonics: occurrence of mountain chains along the margins
of lithospheric plates

2. The tectonic mountain belts

a. Fold and fault structures of mountain systems
[see also 212.F.2.]

b. Rock types of the mountain belts: deformed sedimentary

rocks, volcanic rocks, intrusive igneous rocks
[see also 214.B. and 231.F.]

3. The geosynclinal hypothesis of mountain building: that
mountain belts form at the site of long, narrow,
sediment-filled troughs, or geosynclines

4. The development of mountain systems

 a. The deposition and consolidation of sediments in
geosynclinal belts

b. Subsequent diastrophism: uplift and deformation of
geosynclinal deposits; contemporaneous episodes of
magmatism

c. Causes of folding: crustal contraction, gravity sliding,
and other hypotheses

F. The theory of continental drift: that the continents have

undergone large-scale horizontal displacements relative to each
other and to ocean basins during geological time

1. Historical background

a. Early theories: speculations initiated by the apparent fit
of the bulge of eastern South America into the bight of
Africa

b. Wegener’s hypothesis: the first detailed, comprehensive
theory of continental drift )

2. Evidence for continental drift

a. Geological data: ages of rocks; the distribution of ancient
glacial deposits and fossil plants and animals

b. Paleomagnetic data: evidence of polar wandering,
continental displacement and rotation, and reversals of
the geomagnetic field during geological time
[see also 212.B.]

¢. Oceanic data: ages of sediments; the distribution of
magnetic anomalies

3. The theory of plate tectonics
[see G.3.b., below]

4. The problem of mechanism: whether thermal motions in the
upper mantle suffice to produce continental drift
[see G.3.c., below]

G. The theory of sea-floor spreading: that the ocean basins are

expanding or contracting as a result of the outward spreading

of newly generated oceanic crust from the mid-ocean ridges
[see also 231]

1. The development of the concept of sea-floor spreading
2. Evidence of sea-floor spreading

a. Heat flow data: anomalously high heat flow over
mid-ocean ridges
[see also 212.D.]

b. Magnetic data: linear magnetic anomalies that parallel
the mid-ocean ridges and their relation to geomagnetic
reversals
[see also 212.B.4.]

c. Age and distribution of marine sediments

3. The nature and cause of sea-floor spreading
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a. The structural elements of the sea-floor spreading model:
transform faults, ridge crests, and trench systems

b. The theory of plate tectonics: that the Earth’s surface is
comprised of a small number of rigid lithospheric plates
that move and interact with one another through time

c. Possible thermal convection in the mantle

Section 242. The interpretation of the geological record
[for Part Two headnote see page 79
for Division IV headnote see page 115]

The articles and parts of articles referred to in Section 242 deal
with five main subjects: A, the stratigraphic interpretation of
the geological record; B, the paleontological interpretation of
the geological record; C, relative and absolute age dating; D,
the paleogeographical interpretation of the geological record;
and E, the reconstruction of the geological history of the Earth.

The outline of subject A begins with descriptions of the layered
rocks of the Earth’s crust and the general character of the rock
record. It goes on to deal with stratigraphic classifications and
their historical development, and with the criteria for the cor-
relation of layered deposits. It further treats the problems of
stratigraphic nomenclature and problems about stratigraphic
boundaries.

The outline of subject B begins with the nature of fossils and
of the fossilization process. It goes on to treat the fossil record,
first in the Precambrian, and then in the post-Precambrian,
wherein the record extends from the occurrence and evolution of
the Protista to the occurrence of plants and mammals. The out-
line next deals with the fossil record as showing the history of
most major groups of animals and plants and as affording evi-
dence concerning the causes and principal factors involved in the
extinction of certain groups. Finally, it deals with the paleon-
tological criteria for the correlation of layered rocks, treating
index fossils, assemblages, and especially pollen stratigraphy,
which gives the record of the chronological and geographical

A. The stratigraphic interpretation of the geological record

1. The layered rocks of the Earth’s crust and their depositional

environments: the nature of the rock record
[see also 214.B.2.]

a. Clastic sedimentary rocks

b. Carbonate rocks

c. Volcanic rocks

d. Cyclic deposits
i. Cyclothems

ii. Varved deposits

2. Stratigraphic classifications and their historical
development: criteria for the correlation of layered deposits

a. The principle of uniformitarianism

b. The principle of superposition of strata
c. The idea of a fossil succession
d. The facies concept
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distribution of fossil pollen and spores in the Earth’s strata.

Subject C is the assignment of a chronology to the Earth’s
history. The outline begins with relative dating—the determina-
tion of sequences in the Earth’s history by the correlation of data
about rock ages and the fossils contained in rocks. It goes on to
deal with the meaning of absolute age and with the requirements
for absolute dating. It first treats the principles and methods of
radiometric dating and the definition of time zero and the sources
of error in radiometric dating. Dealing with non-radiometric
dating, the outline treats geological processes taken as absolute
chronometers, involving methods based on weathering and ero-
sional processes; and biological processes taken as absolute
chronometers, involving methods based on tree rings and corals.
Finally, it treats applications of absolute dating for the establish-
ment of the geological time scale, in determinations of the ages
of the Earth, meteorites, and the Moon, and in the determination
of sea-floor spreading rates.

The outline of subject D treats the factors involved in the
reconstruction of former environments, and the use, for such re-
construction, of data supplied by stratigraphy, paleontology and
paleoecology, structural geology and geophysics, and petrology
and geochemistry.

Subject E is the reconstruction of the geological history of the
Earth based on the worldwide correlation of the accumulated
evidence from the geological record.
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articles article sections other references

i. The development of terminology to describe lateral 16:458f-459¢
changes in sedimentary layers: classical and
operational definitions of sedimentary facies

ii. Types of facies and the factors that govern them: 16:459d-461d
terrigenous, biogenic, and chemical facies

iii. Facies mapping and the analysis of facies variability: 16:461d-463e
principles and applications
e. The stage concept 17:718e-g
f. The recognition of zones 17:718g-719f

g. Radiometric dating
[see C.2.b., below]

3. Stratigraphic nomenclature in theory and practice 17:719h-726b
a. Stratigraphic terminology and its standardization: the 17:719h-723a/ 5:499d-g /7:1066a—
distinction among rock-stratigraphic, time-stratigraphic, 7:1067c-1068c
biostratigraphic, and geological-time units
b. Stratigraphic boundary problems 17:723a-724b/ 7:1068c-d
18:696b—e
i. Lower Paleozoic boundaries 17:723a-d
ii. Upper Paleozoic boundaries 17:723d-h/
3:859d-f/
13:927f-g/
14:98e-g/
18:696b—-d
iii. Cenozoic boundaries 17:723h-724b/

8:999h-1000b /
18:154h-155¢

c. Special stratigraphic terminologies and divisions; e.g., 17:724c-726b/
sequences of strata, subdivisions of the Precambrian, 7:1069d-f/
correlations based on tree rings 9:232d-h
‘B. The paleontological interpretation of the geological record FOSSIL RECORD
7:555-577
1. The nature of fossils and fossilization processes 7:555h-556¢/ 10:980e—f
16:637e-g
2. The fossil record
a. Precambrian life: the Cryptozoic fossil record 7:556f-55T¢
i. The primitive atmosphere and oceans, and the origin 6:11b—/ 2:315¢f/7:17g-18a/
of life 10:900f-903c 7:557a—c
[see also 241 and 312.A.] |
ii. Precambrian protists, plants, and animals: the 6:12f-13a/ 1:494g/7:10d-f /7:556g-557a
Gunflint Chert deposits, Ediacara fauna, and other 10:903c-904b/
remains 14:377c-379a/
14:957d-958¢
b. Post-Precambrian life: the Phanerozoic fossil record 7:557c-576a/
[see also 313] 14:379b-383d/
13:917d-918b/
3:690g-692a /

13:658¢c-659g /
16:770h-772f
13:922h-927¢/
5:675b-679a/
3:854b-855a/
3:858h-859d/
14:97e-98¢ /
2:1014h-1016a/
18:695a-696a /
10:355f-359%¢/
5:251d-252b/
3:1081h-1083b/
18:153¢e-154¢/
14:568b-569¢

i. The occurrence and evolution of the Protista 7:557c-558d/ 3:1082a—c
. 1:494g-495g /
18:153f-h
ii. The occurrence and evolution of the Porifera 7:558d-559¢/
14:853g-854c
iii. The occurrence and evolution of the Cnidaria 7:559d-560e
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iv.

vi.

vii.

viii.

ix.

Xi.

Xii.

Xiii.

Xiv.

XV.

XVi.

The occurrence and evolution of the Mollusca

. The occurrence and evolution of the Conodonta

The occurrence and evolution of the Bryozoa
The occurrence and evolution of the Brachiopoda

The occurrence and evolution of the Arthropoda

The occurrence and evolution of the Echinodermata

. The occurrence and evolution of the Graptolithina

The occurrence and evolution of the fishes

The occurrence and evolution of the Amphibia

The occurrence and evolution of the Reptilia

The occurrence and evolution of the birds

The occurrence and evolution of the mammals

The occurrence and evolution of the plants
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122  Part Two. The Earth

3. The geological range of fossil groups through time

a. Development of a group: the appearance and
disappearance of groups in the fossil record

b. The problem of extinction: causes and principal factors
involved
[see also 312.C.]

4. The paleontological criteria for the correlation of layered
rocks :

a. Index fossils

b. Faunal and floral assemblages

c. Organic microfossils: pollen, spores, and tests

i. Physical and chemical properties and environments of
accumulation

ii. Stratigraphy and sedimentation: transportation,
deposition, preservation, and use in stratigraphic
correlation

iii. Paleoecology and paleogeography: record of
changing environmental conditions

C. Relative or absolute age dating: geochronology '

1. Relative dating

a. Application to geological problems

i. Dating events in the rock cycle and determining the
chronological sequence of strata

ii. Correlation: establishing equivalent ages for
separated rock deposits

iii. The relative geological time scale

b. Application to archaeological problems
[see 10/41.B.2.a.ii.

2. Absolute dating

a. General considerations: the meaning of absolute age,
requirements for absolute dating, and the rate of record
accumulation

b. Radiometric dating
[see also 723.G.8.]

i. Radioactivity and radioactive decay
[see 111.C.]

ii. Principles of radiometric dating

iii. Definition of time zero and sources of error in
radiometric dating

iv. Major dating methods; e.g., uranium-thorium to
helium-lead, potassium-40 to argon-40, carbon-14

v. Minor dating methods
c. Non-radiometric dating

i. Geological processes as absolute chronometers; e.g.,
methods based on weathering, erosional, or
accumulational processes

ii. Biological processes as absolute chronometers; e.g.,
methods based on tree rings and corals

d. Applications of absolute dating
i. The absolute geological time scale
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ii. The age of the Earth and the ages of rocks and
meteorites

iii. Determination of sea-floor spreading rates
iv. Lunar history

D. The paleogeographical interpretation of the geological record

1

. Factors involved in the reconstruction of former
environments: the correlation of evidence from
stratigraphy, paleontology, and dating

. Paleogeographic data and their application: the
determination of former climates, the location of
ancient land and seas, and other elements of
paleogeography

a. Biological information; e.g., evidence from the
distribution and ecological requirements of fossil plants
and animals

b. Indirect organic information; e.g., e