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S /720 PREFACE

ALTHOUGH mechanical composition had become firmly established in
printing-houses long before 1930, no significant attempt had been made
before that time to develop the resources of the machine, or adapt the
technique of the machine compositor, to the exacting demands of mathe-
matical printing. In that year the first serious approach to the problem
was made at the University Press in Oxford.

The early experiments were made in collaboration with Professor
G. H. Hardy and Professor R. H. Fowler, and the editors of the Quarterly
Journal of Mathematics (for which these first essays were designed) and
with the Monotype Corporation. Much adaptation and recutting of type
faces was necessary before the new system could be brought into use.

These joint preparations included the drafting of an entirely new code
of ‘Rules for the Composition of Mathematics’ which has been reserved
hitherto for the use of compositors at the Press and those authors and
editors whose work was produced under the Press imprints. It is now
felt that these rules should have a wider circulation since, in the twenty
years which have intervened, they have acquired a greater significance.

The reasons for this are well known. The end of the War not only
released many scientific papers for publication, but found us with much
research in progress and many mathematicians and scientists offering
the results of their work to a larger scientific public anxious to read it.
These demands were made upon a printing industry already struggling
to meet greatly increased calls upon its services when it was itself suffer-
ing from the reduction of its mechanical capacity by air raids, from the
paper scarcity, and, most important of all, from the loss of skilled crafts-
men. The learned societies and the printing-trade organizations have
sought a remedy for this situation by persuading more printers to under-
take mathematical printing. These printers may have produced little
work of the kind before, and almost certainly nothing in this field, which
i8 known in the trade as ‘higher mathematical printing’.

The original ‘Rules’, themselves amended by continuous trial and rich
experience, are here preceded by two new chapters. The first chapter is
a simple explanation of the technique of printing and is addressed to
those authors who are curious to know how their writings are trans-
formed to the orderliness of the printed page; the second chapter,
begun as the offering of a mathematical author and editor to his fellow-
workers in this field, culled from notes gathered over many years, has
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ended in closest collaboration with the reader who for as many years has
reconciled the demands of author, editor, and printer; the third chapter
is the aforesaid collection of ‘Rules’ and is intended for compositors,
readers, authors, and editors. Appendixes follow on Handwriting, Types
available, and Abbreviations.

It is not expected that anyone will read this book from cover to cover,
but it is hoped that both author and printer will find it an acceptable
and ready work of reference. The authors wish to emphasize that the
rules of style set out here reflect the Oxford practice. We know of other
authorities, both in this country and abroad, and, where we differ from
them, we do so deliberately for reasons which we believe to be good
reasons.

We acknowledge gratefully the help of many authors and editors
whose advice and criticism are reflected here. We also thank the Mono-
type Corporation for their assistance in providing illustrations.

It is hoped that this book will not only help the printer, but will assist
the enlarged company of authors to understand the technical problems
which are peculiar to the composition of mathematics, so that they can
ease the printer's task and their own. We hope, above all, that the
publication of these ‘Rules’ may help to standardize the techniques of
both writer and printer. The authors would welcome any criticisms or
suggestions calculated to increase the usefulness of this work.

QQ -3

. W. C.
. R. B.
December 1953 . B.
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I. THE MECHANICS OF
MATHEMATICAL PRINTING

THE HAND COMPOSITOR

The letterpress method of printing

THERE are (broadly) three methods of printing: letterpress, lithographic,
and gravure; we are concerned here only with the first-named. The
letterpress method is based on type, which provides a printing surface
cast in substantial relief; hence it is also known as the ‘relief’ process of
printing. Type is cast in moulds: for hand-composition each character
is cast separately in quantity and placed in trays (known as ‘cases’)
which are subdivided to provide a little box for each letter, figure, or
symbol. In mechanical composition each character may be selected and
cast separately and assembled into words and sentences by machine, as
in the ‘Monotype’ method; or the separate matrices may themselves be
assembled in a line of complete words with spaces and the whole cast as
a thin and solid block of metal (known as a ‘slug’), as in the Linotype
gsystem, used mostly in newspapers and ordinary bookwork. The com-
plications of mathematical printing demand the greater flexibility of
movable types, and so this work is normally set either by hand or,
increasingly, on a ‘Monotype’ machine.

The nature of type

Let us look at the type shown in Fig. 1(a). This drawing represents
a single type of the capital M standing upright upon its feet as it would
when being printed alongside its fellows. The distance from the feet to
the ‘face’ (which is the printing surface) is a fixed dimension of 0-918 inch
and is known as the ‘height-to-paper’ or just ‘type height’.§ All the types
of every fount used in a printing-house, and all the blocks, must be -
provided in this uniform height if they are to be assembled and printed
together. The bed of the printing machine which carries the type, and
the cylinder which is to apply the printing impression, are placed just
this distance from one another.

The distance from the front of the type to the back is known as the

+ This has become the standard in Great Britain, the United States, and
some other countries. Continental heights vary. Oxford has retained one of
these heights and casts at 0-938 inch, which is a reflection of the early associa-
tion of the Press with Dutch and French punch-cutters and type-founders.

B 1597 B



2 MECHANICS OF MATHEMATICAL PRINTING

‘body size’. This dimension will be seen in Fig. 1(a), and even more
clearly in Fig. 1(b), which is a silhouette of the type size in which this
i1s printed. The printer defines the body size of his type
as of so many ‘points’, a point being one seventy-second
of an inch. This type is known as ‘11 point’ hecause its
body measures eleven seventy-seconds of an inch. All
11-point types, whether in roman or italic, Greek or
Hebrew, will measure exactly the same.
(@) (b) The width of type is variable and is determined by the
Fia. 1. shape of the character represented: x may be said to be
of average width, while M is one of the wider characters,
and f one of the narrower. It should also be noted that the different
characters occupy varying proportions of the body size: thus the small
X occupies a space which is approximately in the centre of the body, but
the capital M being an ascending letter fills the centre and top, while
the italic f, being a letter which both ascends and descends, occupies
almost all the depth available. The indentation in the front of the type
which is clearly shown in Fig. 1 is the ‘nick’, whose use will appear later.
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Composing type by hand

We shall better understand the complexities of machine composition,
particularly of mathematics, if we first look over the shoulder of a hand
compositor at work. He stands before a high desk which is, in fact, a
printer’s ‘frame’. On top of the frame and sloping towards him are type
cases 1nx pairs, and there are most likely two pairs. The bottom and nearer
case will contain the small letters of the alphabet (which explains why
the printer always refers to these as ‘lower case’, usually abbreviated to
‘l.c.” on proofs), and other material most commonly required, such as
spaces, punctuation marks, and figures. The top case is known as the
‘upper case’ and holds capitals, small capitals, and other types in less
frequent demand.

The compositor holds a metal tool in his left hand which he will refer
to as his ‘stick’, so called because the early printer constructed it of wood.
This is a piece of thin but rigid steel which may be 6 inches long and
about 3 inches broad, having fixed flanges somewhat less than type height
on two adjacent sides, and a movable flange on another. The com-
positor’s first care is to adjust this movable flange to the width of the
pages he i1s to compose. The unit of measurement for this purpose is the
12-point em, which was originally the capital M and was selected because
it was a square of the body size in some founts (but by no means in all).
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The compositor may still use this letter, or the ‘square ’ space known as
the ‘em’, to set his stick. At this stage you should also be introduced
to the ‘en’, which is half an em in width. Both units will be mentioned
frequently in this guide: their derivation should now be clear.

The book to be composed may be of 20 or 30 ems or of any other
reasonable width; the page you are reading is of 27 ems. This dimension
18 always referred to as the ‘measure’. The compositor, then, assembles
the proper and predetermined number of ems in his stick, and fixes the
movable flange so that it presses tightly against thisline. Having removed
the line of ems, he may begin composition.

Here I should explain that the compositor has an auxiliary aid known
as the ‘setting rule’. This is a thin strip of brass, cut to the exact length
of the measure in which he is to set, and of the same height as the type.
The setting rule is placed in the stick and presents a smooth surface
which facilitates the assembly of the letters.

So with his ‘copy’ before him, usually propped up on the lower part
of the upper case, the compositor gathers type from his case letter by
letter. He picks up each type with his right hand and puts it in his stick
face outwards and with nick showing (see Fig. 1), which proves it properly
disposed to print the right way up, holding it in place with the thumb
of his left hand the while (see Plate I). Aseach word is completed he adds
a space, and so proceeds until he can get no other word in the line, after
which he adjusts the spaces until the line is tight. Here he has two cares:
first the spaces must be evenly distributed to ensure that the complete
page as eventually printed has an even pattern with no unsightly gaps;
and secondly that all his lines are of an even tightness so that each type
in each page in a series of pages will be held firmly against the hazards
of transport and proofing, and inking and printing at speed on machine.
Having spaced the line to his satisfaction, the compositor removes the
setting rule (on which the line of type has been resting) and, placing it
over the completed line in his stick, is ready to continue setting.

At this point I should make it clear that the techniques I am describing,
though ancient, are not archaic. Books are rarely set by hand, it is true,
but all the major corrections and adjustments necessary to single-type
machine-composed types, all principal headings, and much else, still pass
through the compositor’s stick. This simple tool, and the case and the
frame, are still essential to the printer, particularly if it is his business
to print mathematics.

But to return to our hand compositor: if he is composing mathematics
he may be called upon to build up the pieces of a formula, for instance,
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not in one line only, but in two or three lines simultaneously. To show
how he achieves this an illustration is given below (Fig. 2) in which all
the spaces have been pushed up so that they print with the type.
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THE MACHINE COMPOSITOR

For about 400 years from the invention of printing from movable
types all type was set by hand, but in the nineteenth century there was
much experiment with methods designed to produce this work with the
ald of machines. Of these trials only the solid-line composing machines
of the Linotype class, and only the single-type ‘Monotype’ machine have
survived. Both were invented in America, and both were introduced to
this country in the closing years of the last century. As I have already
observed, it is a ‘Monotype’ machine which concerns us here and it is
this machine which 1 am now to describe.

A ‘Monotype’ installation has two separate machines, each of which
is independent and complete for the functions it has to perform, and may
indeed be operated many miles away from the other. In most printing-
offices, and for obvious reasons, they are to be found close together,
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usually in adjoining rooms and occasionally in the same room, although
thisisnot desirable. The first machine we shall encounter is the keyboard,
which may be said to be semi-automatic, and the other is the casting
machine, which is fully automatic, and whose function is obvious.

I have occasionally been asked why two machines are necessary to do
what appears to be one job. Perhaps I can suggest an answer to the
question by mentioning some of the advantages of the present separation.
The two independent units are able to produce at their own most economic
speeds: the keyboard output is lower than that of the caster on difficult
work but is very much higher on simple work; the caster output, on the

other hand, is not regulated by the complexity of the matter being cast,
but by body size; thus 6-point type may be run a good deal more rapidly

than 16 point. So neither machine need retard the progress of the other.
Moreover, the work of the keyboard can be put on the shelf and need not
be cast until required; the very noisy caster can be isolated, which permits
the keyboard operator to work in the quieter conditions the nature of his
work demands; and lastly the objection that two men are needed where
one should suffice (one-and-a-half really, because one man runs two
casters) lacks conviction because the two specialists are free to concen-
trate on their own jobs, which is of special significance in the case of the
keyboard operator, who is one of the most highly skilled people in any
- printing office.

THE ‘MoNOTYPE’ KEYBOARD

The keys and the perforations

The ‘Monotype’ keyboard (see Plate I11) may look like nothing
more than an overgrown typewriter: it is, in fact, very much more. The
familiar keyboard is there, it is true, and seems to dominate the machine;
there are indeed no fewer than 286 keys. (The average typewriter has 45.)
The purpose of the keys is to set in motion a mechanism which releases
compressed air to pistons which, in turn, cause punches to rise making
perforations in a continuous roll of paper 4§ inches wide. Each key
(see Plate V) is marked with the letter or character it represents (as in a,
typewriter), and as each key is depressed two holes are punched in the
paper, one in the left half of the roll and the other in the right half and,
of course, in line with one another. There are thirty-one punches, all in a
single row, and they punch a combination of holes, differently positioned,
for each character. I should add here that the compressed air, which
is piped from a compressor, is the only energy supplied to the machine,
apart from the manipulations of the operator.
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The unit of measurement

As we have seen, the hand compositor is in physical contact with his
material; his type grows under his hand and he selects and inserts the
spaces he judges to be necessary by empirical methods. But the machine
compositor (the ‘Monotype’ operator) hasnosuch advantages; he handles
no type: yet, somehow or other, he and the machine together must so
arrange things that the typeis ultimately cast to the correct length ofline,
with spaces of the correct width, properly disposed. Some provision must
therefore be made to measure the characters (still represented by mere
perforations) and, when the line is nearing completion, to calculate the
additional space required between each word to make the line perfect. So
it 1S essential to have some standard unit of measurement, and a calculat-
ing machine to do the measuring. This is incorporated in the keyboard.

You and I know that the letters in any one fount vary in width or, in
printing terminology, ‘set’, a term I shall use frequently from now on.
The lower-case i and 1 and the common marks of punctuation are narrow;
the lower-case a, d, n, and similar characters are of medium width; the
capitals such as M and W are wide. The characters in any one fount may,
'in fact, be conveniently formed into groups, and all the characters in
each group may be so designed as to be of exactly the same set. This has
been done; and, so that there may be a system of measurement within
the fount, one of the letters of the widest group, let us say the capital W,
has been divided into eighteen parts or units. The letters of a fount are,
in practice, classified in twelve groups from the smallest which are 5 units

to the largest which are 18 units. This unit nomenclature is applied to
all founts whether the type be large or small: thus the letteriis, normally,

5 units in set whether in a fount of 6 point or 14 point.

Other complications beset us but must be passed over in this simple
account. I think I may now safely determine the unit of measurement
and pass on. For this purpose we return to the 12-point em which I have
already mentioned: this may be described as being twelve seventy-
seconds, or one-sixth, of an inch. I should explain, or confess, that
this is an approximation: the 12-point em of the ‘Monotype’ system is
0-166 inch. This we divide by 12 to discover the dimension of 1 point, and
the result by 18 to determine the unit. The quotient is sufficiently
0-0007685 inch, and this is the measurement of a ‘ Monotype ’ Base Unit.

The calculating machine

"~ We can now return to the ‘Monotype’ keyboard, which our description
has left bare of everything but key-buttons, and which I deserted after
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brief reference to its function as a calculating machine. First of all the
machine compositor, like the hand compositor, must establish his measure
before he can begin work, and a device for doing this, and a great deal
more, is mounted just above the keyboard. This is a celluloid scale,
known as the ‘em scale’, marked out to represent ems and ens of set
up to 65 ems with zero on the right, and having a moving pointer on its
upper face, travelling from left to right. So he-sets the pointer to the
measure in which he is to compose. Then as he taps each key in turn
the pointer will record on the scale, progressively, the unit value of each
character composed. This function is performed by a whole mystery of
racks and ratchets, and pinions and pawls, all lying behind the em scale
and the pointer.

Spacing the line, or justification

In this manner the set value of each character and space is measured
and recorded as the operator proceeds steadily towards the end of the
line, and short of this point a bell rings to warn him that he must attend
to his ‘justification’, that is the filling of the line with the proper spaces.
He has already made a perforation representing a space, after each
word. These spaces are accorded a value of four units each, but this
value must be increased. It is necessary to know by how much. For
this purpose there is another little calculating system.

Mounted over the keyboard is a cylindrical scale, known familiarly as
the ‘drum’, and on its face a pointer. The scale has 72 divisions on its
circumference and 20 vertical positions; each of the small squares so
created embraces a pair of figures. Each time the operator depresses
the space-bar (placed at the bottom of the keyboard as in a typewriter)
the pointer moves up one space while the cylinder remains stationary.
When the composition is within 4 ems of the end of the line the cylinder
begins to revolve and from this point will indicate to the operator the
additional space required. But, considering the matter, the operator
will probably decide that he can still add another word, or part of a word.
He will then glance at the scale to read the figures at which the pointer
has stopped. Let us assume that the reading is 3.

Now this justification is based on a system which adds 0-0005 inch, or
multiples of this amount, to the spaces which are already in the line. On
the keyboard there are two rows of fifteen justification keys, each row
being numbered 1 to 15. The keys of the bottom row add progressive
multiples of 0-0005 inch to each space; the top row begins where the
bettom row leaves off, the keys adding progressive multiples of 0-0075
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inch to each space. And so the operator, looking at his justifying scale,
sees that the machine has not only calculated what addition has to be
made to every space already in the line, but has indicated that all he
need do is to touch number 3 key in the top row and number 8 key in
the top and bottom row together, to make his work perfect.

The keyboard operator

There is of course a great deal more, and I confess that this account
is a simplification, so written for your comfort and mine. But before we
turn away from the keyboard to examine the caster, let us take a last
look at the operator. He sits before his keyboard with both hands over
the keys and glances from time to time at his copy, which is supported
on a holder at the left of his machine. He is probably unconscious of our
presence because his work demands not only great skill but intense con-
centration. For not only are he and his machine doing many things at
the same time; they are doing these things very rapidly. Indeed, the
operator is probably covering anything from five to ten times as much
ground as the hand compositor. |

Moreover, as I have already said, he is working blind, apart from his
own instinct and the intuition which much experience has brought him.
The natural difficulties of a manuscript or typescript will not trouble him
unduly: he will accept and enjoy them as a challenge to his skill. But
badly written or badly prepared copy which is capable of different inter-
pretations will worry him and slow his progress: he will judge such copy
unfair and its author inconsiderate (if no worse), particularly if the work
is in an unfamiliar language or notation such as Greek, Hebrew, Arabic,
or mathematics. Editors, and the printer’s own staff, will do their best
to tidy a bad manuscript before it reaches the operator, but emergency
surgery of this kind is never a complete cure, and, if unnecessary and
expensive corrections in the proof stage are to be avoided, it is essential
to begin with a healthy body. And is it not just?

THE ‘MoNOTYPE’ CASTING MACHINE

The product of the keyboard now passes to the caster: to the uninitiated
it is an insignificant spool of paper, apparently ruined for any useful
purpose because it is peppered throughout its length with small worm-
holes indiscriminately placed. Yet, when this record is ‘played back’ on
the caster, all the painstaking work of the keyboard operator will emerge
in bright, newly cast type, line by line, and in due order.

The ‘Monotype’ casting machine (Plate IV) is a very fine piece of
pfeciaion engineering and, because it is producing something, more



PLATE I. A COMPOSITOR AT WORK
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PLATE III. A ‘MONOTYPE’ KEYBOARD
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PLATE V. THE KEYBOARD ARRANGEMENT FOR MATHEMATICAL COMPOSITION
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interesting to watch than the keyboard. And it is both easy to describe
and to understand because most of its working parts, the pieces which
do things, are on the top, and visible. I shall mention first the two
changeable parts, the die-case (or matrix-case) and the mould.

The die-case or matrix-case

The matrix-case (Plate II) is a steel frame, of a size which allows it
to be held comfortably over the palm of the hand, containing the 225, or
more, dies or matrices, from which the
face of the type or other character is to
be cast. Each matrix (Fig. 3) is one-fifth -
of an inch square in section and a little
under half an inch in length. At one
end is the face of a character in intaglio,
and at the other a ‘cone hole’. The Fic. 3.
matrices may be arranged in fifteen
rows of fifteen (or fifteen rows of seventeen, or sixteen rows of seven-
teen) characters, and the matrix-case fits into a compound slide on
the casting machine with the matrices face downwards.

The moulds
Separate moulds are needed for each body-size. The mould (Fig. 4)is a

comparatively simple but very carefully constructed mechanism, about

Fia. 4.

4 inches square and 2 inches deep. Two fixed blocks determine the body
size and form two walls of the cavity in which the type is to be cast;
a moving cross-block forms the third wall, and an adjustable mould blade
forms the fourth wall and determines the width of the type to be cast. On
the underside of the mould there is an orifice through which molten metal
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is pumped: at the moment of casting the open top is covered and closed
by a matrix. During casting a small trickle of water is passed through
the mould to accelerate cooling, which is practically instantaneous.

Preparing the machine

Let us assume that the caster operator is preparing his machine for
running. He will have a number of adjustments to make (and must check
very carefully the dimensions and alignment, and sample the quality of
his type) before he can begin; we will confine ourselves to those which are
the more obvious. He will fix his mould in position on the nearside right
centre of the machine, with the orifice downwards; he will insert his
matrix-case within the bridge mechanism just over the mould; and he
will bring his metal pot under the mould. The metal is an alloy of tin,
antimony, and lead, perhaps in the proportions 74:15:773, which is
maintained at a temperature of about 680° Fahrenheit, and is pumped
mechanically into the mould. Then he fixes the perforated paper into
the paper tower. Now the spool, unwinding on the paper tower, passes
over a curved surface having a row of thirty-one holes running across 1t
and, leading from the holes, a number of pipes. The holes are covered
by a narrow leather pad which has a groove through which compressed
air is conducted and, as the paper passes between the curved surface
and the pad, the holes are uncovered wherever there are perforations,
and air is admitted to the pipes. The air under pressure is carried by the
pipes to the pin blocks which control the movement of the m&triﬁ-case.

The moment of casting

This introduces us to the matrix-case positioning mechanism by which
the character selected for casting is brought over the mould. As you will
remember, there may be fifteen rows of matrices, and fifteen matrices in
each row. Itisnecessary to decide which row is required and then which
matrix in that row. The matrix-case is caused to move first in one
direction and then in a direction at right angles to the first, and each
of these two movements is arrested by a stop. The two pin blocks are
on two sides of the matrix-case and at right angles to each other, and
each has fifteen stops. The impulses of compressed air, released through
perforations originally made by the keyboard operator, pass down the
pipes and blow up the stops, so halting the movement of the matrix-case,
first on one side and then on the other, thus selecting the proper matrix.
Thereafter the matrix-case is clamped down on the mould, exactly
positioned by a coned pin which descends into the cone hole at the back of
the required matrix, the mould blade being moved todetermine the proper
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set of the character the while; metal is then pumped into the mould. Each
letter and space is ejected from the mould as cast and assembled in a
line which, when complete, is carried on to a galley, or tray. All this is
automatic and produces something of the order of 160 types each minute.

Justification

There is one thing more which I should explain. As you will recall, the
last act of the keyboard operator before parting with his line was to make
the perforations which would correct, or justify, all the spaces he had
already put into the line. I have not hitherto mentioned something
which is important: the spool was put into the caster exactly as it came
from the keyboard, and was worked through the reverse way. A used
pianola roll must be re-wound before it can be played again; a film must
be re-reeled; a bandage re-rolled. The ‘Monotype’ spool undergoes no
intervening change of direction before it goes to the caster, but is there
worked backwards. So the last perforation made on the keyboard was the
first to influence the caster, and the last signal of each line decided the
spaces between the words throughout the line. Moreover, the last per-
foration representing a space or a character in the keyboard operator’s
spool was the first to be cast, and so with every line, from the end, back
to the beginning. '

The set of all the characters and spaces, that is the width of the opening
of the mould blade in the mould, is determined by the movement of
wedges in the machine. The wedge affecting the width of type is known
as the ‘normal’ wedge and the two affecting spaces the ‘justification’
wedges. It is a very simple device, and, as near as may be, infinitely
variable.

COMPOSING MATHEMATICS ON THE ‘MONOTYPE’
MACHINE

We have seen the hand compositor at work and a good deal has been
saldabouttheoperationofthe ‘Monotype’ keyboard and casting machines.
We may now look more closely into our proper business and explore the

problems which attend those who set out to compose mathematics by
machine.

Earlier in this chapter we saw how the hand compositor was able to
build up in his stick, laboriously but surely, characters of diverse shape
and size. But the ‘Monotype’ machine, for all its versatility, can do
nothing like that: it is able to produce only one body-size at a time.
If, for instance, the machine is producing 11-point body, as this is,
nothing larger or smaller 1n body will come out of it. But a great deal
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of flexibility remains, so long ‘as we respect the limitation the machine
imposes upon us at this stage of our work. The machine will produce >
and { or 2 and , or anything in between; but not 3, which are two separate
types, 5% point in size, placed together. Nor ‘will it mix 48-point type
such as

or or

in an 11-point casting: these must be added later, by hand.

The matrix-case used in mathematics is specially enlarged for this work
and offers a wide range of characters, as may be seen in the plan of a
matrix-case shown opposite.-Moreover, one character may be substituted
for another of the same set or width, and in practice those more commonly
demanded by a particular manuscript are included in the matrix-case.

The keyboard operator must therefore select from the manuscript only
those characters in a formula, for instance, which the machine will pro-
duce at one time. If he is composing in 11-point size he will select only
those characters which he knows are available in the matrix-case from
which the type will eventually be cast. He will move across the folio of
manuscript, picking out those characters and leaving spaces for the
others. The type will emerge from the caster just as he has recorded his
perforations in the spool.

MAKING-UP

The newly cast type, assembled in lines on a long steel tray, called a
‘galley’, is now passed to the ‘maker-up’, a compositor possessing special
skill and experience. The maker-up stands at a frame on which cases
are mounted, just like the hand compositor; indeed he is the modern
hand compositor. In his cases will be found the type and spaces required
for correction or adjustment; and, either in the cases or near by, the
additional characters, large and small, which have yet to be added
because, for one reason or another, they could not be included in the
matrix-case. These ‘sorts’, as they are called, are produced by the caster
separately, and in quantity, and are stored for use as required.

It is the business of the maker-up to add to the type which has come
~ from the caster whatever is necessary, in material or by adjustment, to
make it conform to the author’s manuscript, which he has before him.
To do this it is likely that he will have to ‘break up’ some of the type,
add new type here and there, and reassemble the whole.
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A mathematical working may appear in a manuscript like this:

We onodoer a u--c-ux.m I’?"‘"" wrorld -
b tveliveam z,’s onol 7’¢ Jhan f.-...., (3.%1,23)
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and come from the caster like this:

We consider a variation dg? of a world-line between g% and ¢q?. Then
from (3.21, 23) we have

dR = dff Rdr — ff gof dg®+408 dq‘f’g dr oq? oq?
= ff Kgd 08g dg®+py dg?g dr dr éq? (4.2)
= ff (p¢, dq¢+p dq“) df = ff d(p dg®)

from which we see once more that R takes an extreme value Now on
the other hand, we have

dR = aqu¢+aqué (=0, 1,..,n), og? og? (4.3)
hence
(@) @2R=1p;, (b) 6R= —py (¢ =0, 1,.., n). 2q% g% (4.4)

When the maker-up has completed his work it will look like this:

We consider a variation d”q‘f’ of a world-line between ¢? and ¢?. Then
from (3.21, 23) we have

- : _‘i_a_g)éqé_;. :iqq!' dr
i’f {(dT o & } (4.2)

f (;¢ jﬁ-l—m z"f’) dr = f d(pg t':EQ‘#)

-
0

= (Pg)rer 0P —(Bg)rar, dg®  ($ = 0, 1,...,m)

from which we see once more that R takes an extreme value. Now, on
the other hand, we have

v 0 OR © OR ©
R — 2= da% ¢ - ,
d aqudq +Eq¢dg (¢ =0, 1,..., n), (4.3)
0
hence
81% 8}03
(@) @ = P4 (0) b —g%s (¢ =0, 1,...,n) (4.4)
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It is also the business of the maker-up to add any diagrams which are
to appear on text pages, to separate the type into pages, and to add
headlines, page numbers, diagrams, and whatever 1s necessary to com-

plete the pages.

MAKING NEW MATRICES

Every now and then a mathematical author considers it necessary to
invent some entirely new symbol to express an idea, and he is always
much surprised, and hurt, when he finds editors, publishers, and printers
in unanimous and powerful opposition to what he regards as a simple,
reasonable, and essential demand. (It is not surprising that the printer
includes these esoteric characters among the special sorts which he classi-
fies as ‘arbitraries’ or ‘peculiars’.) There are, indeed, many reasons for
this resistance.

In the first place most book printers already possess many special
characters which might be made available, and for this reason alone they
are unwilling to increase a cataloguing and storage problem which may
well be acute already. The mathematical editor (who is well able to speak
for himself in this matter) may object that he would be doing no service
to science by accepting additions to a notation already overloaded.
Editor and publisher will look askance at the expense (20s. or more for
every sort); and the whole triumvirate will disapprove on grounds of
delay (anything up to twelve months) and will assuredly be joined sooner
or later by a disappointed and impatient author. So, if a new symbol
must be provided, let the author first consult his editor, and the editor
his printer, to discover whether anything lies ready to hand which can
be used as it stands, or readily adapted.

But if a new matrix must be made it is well to know what this implies.
First a drawing must be provided which will be projected and enlarged
on to a sheet of paper through a lantern, and traced. From this the
draughtsman will make a carefully measured working drawing which
will be used to produce a copper-faced pattern in relief about 3 inches
square. The pattern is then used in the punch-cutting machine which
1s operated on the pantograph principle, the follower moving round the
outline of the pattern and guiding the rapidly revolving cutter as it shapes
a piece of steel into the form of the punch required. When it has been
hardened and adjusted the punch is fitted into the matrix stamping
machine where the actual matrices are produced for the printer. (It is
unnecessary to remind you that each type is a reverse, or negative, of
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the character it has impressed upon the printed page; a matrix is the
reverse of the typeit moulds, and therefore matches the printed character;
the punch is the reverse of the matrix it is used to produce; and, to com-
plete the cycle, the type is a duplicate of the punch, in another metal.)
I should explain, lest you ask the question, that matrices can be engraved,
and that punch-cutting can be eliminated. But a matrix may be required
by several, and more often by a great many, printers; and it may wear
out or become damaged. So it is much safer, and, in the long run, much
cheaper, to have in reserve the comparatively indestructible punch. This
is a bare and quite inadequate account of a most exacting procedure: and
all for a single character which can very often be done without.

You may remark that, even so, this does not account for the twelve
months’ delay which I have warned you to expect. Unfortunately
ravished Europe is crying out for replacements, and the peoples of the
Middle East, India, and Africa for new founts in their own native scripts,
which must all come from the same source. It isimpossible to exaggerate
the magnitude of this problem.

IMPOSITION

A book, to the uninitiated, is a collection of single leaves and most of
us discover, in our early and destructive years, that these are, somehow
or other, sewn together. And even if we have never seen a book being
printed we assume, from economic considerations alone, that several
pages must be printed together. The practice of so disposing the pages
of a book so that when printed and bound they will appear in proper
sequence is called ‘imposition’.

Books may be printed sixteen pages at a time, or in thirty-twos, sixty-
fours, or even higher multiples: oddments may be printed as eight, four,
or two pages, and if need be, as a single page. When the sheets have been
printed the first act of the binder is to cut them up and fold them as units
of eight, sixteen, or thirty-two pages: these units are known as sections.
The most common multiple in which we print is thirty-two pages, and
the most common section the sixteen. The disposition of the pages for
printing determines these matters.

The pages (still on a galley) may be imposed at any time after the
maker-up has completed his work on them. The compositor who is now
in charge of affairs lays down the pages, in their proper order, on a large
and perfectly flat steel surface called a ‘stone’ (because in early days it was

a stone). He then places pieces of wood or metal, known as ‘furniture’,
B 1507 c
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between the pages ,which are thus separated, to create the margins in
the finished book. When this has been done the compositor encloses
the whole in a steel frame (known as a chase), and finally he makes all
secure with expanding pieces of metal called ‘quoins’. The completed
imposition is now ready for printing, provided that all corrections have
been made. The set of pages, thus assembled and secured in the chase,
will henceforward be known as a ‘forme’.

On the page opposite is shown a 32-page imposition. This forme,
printed first on one side of a sheet of paper and then on the other,

will produce 64 pages in all, that is two sheets of 32 pages, or four
sixteens.

Corrections

In this place I should sound a note of warning. The correction of type
is always a troublesome and expensive operation and should never be
demanded lightly. The proper place to make final adjustments is in the
manuscript. But if corrections must be made, let them be made in the
slip proofs where the compositor’s task, if difficult, is tolerable. Once
the type has been made up into pages any but the smallest adjustment
becomes a major operation which may disturb a whole paragraph, or a
whole page, or several pages, breeding risks of further errors in propor-
tion to the extent of the disturbance. And after the pages have been
imposed, that is the stage immediately preceding the submission of the
reader’s final ‘query’ proofs, further correction must be avoided like the
plague. For, in the rigidity of the imposed ‘forme’ the potential risk of
error, and the potential enlargement of cost, are multiplied many times.

A NOTE ON OFFPRINTS

Authors who contribute to periodicals are sometimes irritated because
the offprints to which they are entitled, or have ordered, are so long in
reaching them. This delay is not due to some dark plot of the printer
who seeks to deny the author his rights, but is the interval the printer
requires to retrace his steps in a somewhat fussy commission which, if
truth be told, he would much rather be without. For offprints, in the
best practice, mean separation of the articles, reimposition of each article,
and the reprinting of contributions in varying numbers, it may be from
25 to 100, or more.

For this purpose the formes are brought back from the printing
machine; the pages are then released, rearranged, and imposed again as
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so many oddments, and carefully checked. The new formes are then
returned to the machine-room and are printed again as a series of small
jobs. Sometimes special covers are printed for each contribution, which
is another complication. Perhaps the interval which must elapse between
the appearance of the journal and the arrival of the offprint is not so

unreasonable after all ?
C. B.



II. RECOMMENDATIONS TO
MATHEMATICAL AUTHORS

1. Introduction

THE production of a piece of printed mathematics requires for its
successtul completion the co-operation of three parties—the writer, the
printer, and the reader. Because of the abstract nature of mathematical
thought and of its essential use of symbolism, the writer has always a
difficult task in carrying over his meaning to the reader quickly and
without uncertainty. The printer, as a middleman, has the double duty
of catching the writer’s meaning and of passing it on unimpaired to the
reader.

The setting of mathematics is a rare and expensive skill not readily
acquired, and existing facilities often have difficulty in keeping pace
with the rapidly growing output of mathematical writing. For this
reason there may be a long and vexatious delay between the writing and
the publication of a mathematical work.

A greater and more abiding anxiety is that of the steeply rising costs
of mathematical printing. Learned bodies charged with the maintenance
of mathematical periodicals are faced with difficult economic problems:
are they to raise prices at each increase of costs or must they steadily
cut down their acceptance of material? Similar questions confront the
publishers of mathematical books.

For these reasons a body of detailed recommendations is presented
here for the consideration of mathematicians showing how they can ease
the printer’s task. They are based, on the one part, on some twenty
years’ experience as an editor of the Quarterly Journal of Mathematics,
and, on the other part, on a service, equally long, as Mathematical
Reader at the University Press, Oxford. The Editor, while taking full
responsibility for what he has written, owes much to his fellow editors
for helping to shape many of the recommendations given here: and
indeed to the contributors themselves of the Quarterly Journal who
have already accepted many of them with very good grace.

The Reader, himself trained as a mathematician, has handled more
printed mathematics than any single editor can hope (or wish) to have
read and has been careful to see that these recommendations are ﬁtted
to the practical, day-to-day problems of a mathematical press.

The ‘warning examples’ that appear in this chapter have sometimes
been taken from actually published mathematics; sometimes very
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elementary examples have been constructed to make their point un-
encumbered by excessive mathematical detail.

Much in this chapter will be commonplace to the mathematician of
experience: it 1s addressed, in the first instance, to the young mathemati-
cian beginning to write for publication. In our editorial experience he
is anxious to be shown how he should prepare his manuscript for press
and is very willing to conform to suggestions when they are made to him.

The reader, before reaching this chapter, is presumed to have digested
the Printer’s simplified account of the mechanics of printing. This should
be supplemented, wherever opportunity offers, by a visit to a press
printing mathematics. It is a sobering experience for an author to
contemplate the chain of processes that he sets in motion when he sends

a manuscript for publication.

S

The constraints of type
Under G. H. Hardy’s inspiration the London Mathematical Society

published in 1932 a pamphlet, ‘Notes on the Preparation of Mathematical
Papers’. This considered the problems of mathematical printing from
the point of view of hand composition. It is hoped (humbly) that the
present publication may be regarded as its successor extending its general
principles to the conditions of mechanical composition. Many of the
Problems are thesame. Composed type is essentially a mass of hard metal
painstakingly built from many small components into a solid whole.
Where the printed page shows the blankness of space (or what the printer
calls ‘white’) there is none the less solid metal, invisible only because
it does not reach up to the printing face. This is forcefully shown in
Fig. 2 of the preceding chapter. Moreover the basis of composition,
and especially of mechanical composition, is the formation of lines of
type of uniform depth. The printer, like the determinist in the philo-
sophical limerick, is

‘A creature that moves

In determinate grooves:

In fact not a bus but a tram.’

In fact, in ‘Monotype’, with its precise units of type-width as well as
the point units of body-depth, we can regard composition as if it were
set out on graph paper. On the other hand the mathematician’s pen
is free to roam, enlarging or compressing his script, filling blank space
with symbols, constructing marvels of formulae—even, perhaps, ringing
a character or inserting one character within another in a way that

cannot easily be directly imitated with metal type.
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Text and formulae

It 18 convenient both here and afterwards, in writings that contain
mathematics, to distinguish the text from the formulae or what printers
(and some mathematicians) call ‘workings’. The text comprises those por-
tions of the copy that, as here, are written in continuous prose and printed
in evenly spaced lines. These can be set up completely and at once from
the keyboard at a speed limited only by the legibility of the copy and
the operator’s dexterity. Nothing is left for the hand compositor at the
‘assembly’ stage except to ‘lead’ the completed lines to the desired
interspacing.

This can still be true of a text containing mathematical symbols and
even of a full-length formula such as

(612)* = {exp(a; +b, y+-c,2)}/(az z+by y+c42).

All the characters used here are available on 11-point bodies, and such
a ‘working’, with the spaces filling out the measure, can be set completely
from the keyboard. It will be convenient to speak of such a working as
being ‘linear’ in the sense that, like ordinary text, it is composed entirely
of a sequence of 11-point types. On the other hand, when written in the

mathematically equivalent form,

e +01Y +C12

"y Ay T+, y‘l‘ca

the formula departs from °‘linearity’ in three respects. Clearly the
numerator and denominator of the fraction and the ‘rule’ separating
them have been put together by hand. Less obviously, the inferiors and
superiors in 0%, are separate 51- pomt characters built into the symbol by
hand; and the ‘inferior to superior’ in the a,, d,, ¢, of the exponent are
also inserted and ‘justified’ on assembly. It might, of course, be sug-
gested that all likely combinations of inferiors with superiors and again
all likely ‘inferior to superior’, ‘inferior to inferior’, ‘superior to inferior’,
and ‘superior to superior’ should be separately cast on 11-point bodies,
such castings being directly effected from the keyboard.

But here we are met by the limitations of the matrix-case. This, in its
enlarged mathematical form, has space for no more than 272 separate
matrices; these must include, of course, spacings, marks of punctuation,
the complete roman and italic alphabets in both lower case and capital,
much of the Greek alphabet, numerals, current mathematical symbols,
many of these too in both inferior and superior. All ‘sorts’ beyond the

vk
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272 selected for the particular work in hand must still be inserted at the
assembly stage, and it is not of great consequence whether these are
inserted as 11-point or composed from separate 54-point. Moreover all
unusual matrices have to be catalogued and stored for immediate access.
At the time of writing the University Press, Oxford, has in use or on 1ts
shelves some half-million distinct matrices.

By ‘linear workings’, then, we can effect savings in both time and cost,

which, though infinitesimal in a single instance, by accumulation become
of considerable importance in the completed volume.

Embellished characters

It is essential to mathematical notation to be able to show associa-
tion of symbols by symbols suitably ‘embellished’: thus with z we can
associate x', x,, ¥, . Here again lateral additions as in 2, x, are much
to be preferred to vertical additions as in 2, £. The prime ' and the
suffix ; are put in directly from the keyboard, being separately cast on
11-point bodies and taking their places in the 11-point line alongside the
11-point . Vertical additions, on the other hand, must be inserted on
assembly as pieces of type that have to be supported on each side by
lines of blanks; if this occurs in the text, it will certainly disturb the
uniform interlinear spacing.

It is true that such familiar symbols as 2, £ are available as single
11-point types. But, if much of the alphabet is to be required in some
embellished form, we may again be confronted with the limitations of
the matrix-case, so that the types may still have to be inserted by hand.
The author who is accustomed to produce the text of his work on a
typewriter, afterwards inserting symbols and formulae with the pen, will
be aware of the care and delicacy needed to avoid errors and omissions at
this second stage.

There is, of course, no sort of suggestion that mathematical formulae
ought always to be linear. It is a matter of professional pride to the
compositor and a challenge to his skill to set up anything the author may
have written, whatever it may cost in time or effort. But it would
obviously be pointless to make these demands where an easy alternative
is available; and 1t is especially heart-breaking to the printer when a
complex and really difficult formula is discarded in the corrected proof.

Sufficient has been said in the preceding chapter to discourage the
demand for new symbols except where these seem inevitable. In the

sentence often attributed to William of Ockham: entia non sunt multi-
plicanda praeter necessitatem.
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Consideration for the reader

Many of the detailed recommendations set out below are designed to
embody these principles and to assist the printer. But others are more
concerned with the convenience of the reader who, as the ultimate
recipient, is entitled to the chief consideration; he may often be tired,
inexpert, or of foreign speech and may need considerable help. The
author therefore has the obligation to see not only that the presenta-
tion of his mathematics is complete and impeccable but that his prose
is terse and unambiguous and his symbolism well-planned and such
as to strike the eye effectively. Those authors are at an advantage who
can visualize how their formulae are likely to appear on the printed
page.

The art of presenting printed mathematics has much in common with
those of display advertising and window-dressing. Crowding is to be
avoided; contrast can be used whether of formula against formula or of
words against symbols; essential information ought not too often to be
hidden away in the small type of inferiors and superiors.

Mr. S. Morison{ has the phrase ‘assisting the reader’s immediacy of
comprehension’, and a good mathematical presentation is one in which
the essential information admits of being ‘immediately apprehended’;
it should not be sufficient merely to say that it is ‘all there’ for anyone
who has the patience and skill to disengage it.

Aesthetic considerations have not been neglected in these notes. To
the pure mathematician (as harshly distinguished from the scientist
using mathematics for his own purposes) the aesthetic is part of his
technique, and the underlying pattern of a.problem is more likely to
reveal i1tself in the printed page than in an author’s manuscript or on
a blackboard.

Much that is written below is part of the accepted framework of
mathematics; some is frankly new and experimental; some even pro-
vocative; sometimes decisions have been made merely to secure uni-
formity; there are repetitions for clearness. There may be conflict with
what is recommended in other guides. And certainly what may be con-
venient in fount or notation for the sciences is not necessarily as desirable
In mathematics, whose very life-blood is symbolism. The tradition of
mathematical printing is still in the making, and it would be a pity to
clamp down too soon on every convention. None the less it is already a

t First Principles of Typography (Cambridge, 1951) [Cambridge Authors’ and
Printers’ Guides (I)] p. 15.
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great tradition and deserves every support from working mathematicians
in 1ts development.

At this time there is strong advocacy to displace the printing of mathe-
matics by photographic methods applied to typescript or manuscript.
There is no doubt a place for them in (say) the duplication of lecture notes
or in reproducing a doctorate thesis 1n extenso. Butitisdifficult to believe
that these processes can ever satisfy the present demands of mathemati-
cians for the rich arabesques of symbolism they are driven to employ. If
Increasing complexity of mathematical notation sends up costs so much
that publishers are driven more and more to photographic methods, the
prospect for mathematicians is bleak. To help postpone this day is one
of the purposes of this book. |

Finally it may be said that what is recommended here—to authors and
through them to editors and printers elsewhere—will represent the
Oxford practice in printing mathematics. Authors whose mathematics
is being printed at the Oxford University Press will thus know what to
expect in the interpretation of their manuscripts.

In conclusion it may be permissible to quote from the preface of a
recent Oxford mathematical book. ‘Continental authors are often accus-
tomed to begin the real writing of the book when the first proofs come in.
From the first the Press made the strict condition that this method should
not be followed and accordingly we did our very best to deliver the
manuscript in such a form that no avoidable corrections had to be made
in the proofs. As a matter of fact the more we worked with this method
the more we appreciated it, and we should like to advise other continental
authors to give it full consideration.’

This consideration need not be limited to continental authors.

2. Fractions
The solvdus. The purpose of the solidus is to keep a fraction ‘linear’,

i.e. within the 11-point limits. For instance a/b is 11-point, but % is

24-point.

The solidus should therefore always be used when fractions appear in
the text or as part of a formula. Otherwise the fraction oversteps the line
of text, which must then be more widely spaced both above and below
(as can be seen in the preceding paragraph), disturbing the eye. Thus
in the text we print (x+a)/(y+0b) and dy/dx, 0°z/ox?, etc.

Further, when fractions occur simply in a displayed formula that is
otherwise linear, the solidus is conveniently used, for then the formula
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~can be set at once from the keyboard: thus

1
0 <e<1l/(h+2) for 0<€<7Lr+2

is both quicker and cheaper.
The solidus is also useful in compound fractions:

x+a+x+a’
y+b y+b (1)
z+y—+1

prints (and reads) better as

(x+a)/(y+b)+(z+a’)/(y+b') (x+c§ x+a’)
z+y+1 L P g / ki +3') =

For reciprocals the index —1 may be more convenient, so that

z+a  y+0b (4)

can be printed more compactly as

(x+a)~'+(y+6)~" (5)
(x+a') 14 (y+b")Y

1/(x+a)+1/(y-+b) (6)
1/(x+a')+1/(y+0')

1 1 ] 1
" (x+a+y+b)/ (5:+a’+y+b’)' )

Of these three (5) is probably the clearest.
On the other hand, the solidus should not be used except where it gives

some clear advantage. The printer is prepared for displayed blocks of
24-point formulae, which he regards as natural to mathematical ex-
pression. Consequently, when a formula is already extended beyond
11-point by some other lengthy symbol, as for instance [ or 3 with limits,
the solidus achieves nothing in clarity or convenience, and becomes, in

fact, rather inelegant. Thus it is right to print

, a|f;a2:)| i 3 f -, 5 LT
0

as well as

0 0
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Bracketing with the solidus. In compound expressions the solidus
inherits the priority of X and = over 4+ and —. Thus z/y-+4z means
(xz/y)+2, though to the unaccustomed eye it may be clearer to postpone
the fraction (when this is possible) and write z+x/y. But, when the
writer intends x/(y+z) or (z+x)/y, he must so bracket them. A sum of
fractions such as z,/a,+z,/a,+x4/as+... should, however, be quite
unambiguous.

With functional abbreviations like log, sin, etc., careful bracketing is’
desirable. Thus, unless the context is otherwise decisive, log z/a may be
read as either log(z/a) or (log x)/a. It is safer to use brackets in each case.

Numerical fractions. Certain numerical fractions of common occur-
rence appear on the mathematical keyboard as ‘small fractions’. These
are$ 4§31 33244834 -

Such fractions are set and cast as single 11-point units, and their use
renders the solidus unnecessary; by comparison the solidus gives a
clumsier symbol. Thus we write

ir, %logz, sin}a, cosi(z+y)
not m/2, (2logz)/3, sina/4, cos(x+y)/2,

nor, of course,

T 2logax .o r+y
5 3 sin, 008 —=.
With functional symbols where the argument is conventionally en-

closed in brackets it may be convenient to repeat a small fraction rather
than to double the brackets. Thus

'3xz+3y), TI'(3x+%)
are better than '3 (x+v)}, I'{3(z+2)},

whereas I'3(z+vy), I'3(x42), being unconventional, may be misread.
In proof corrections and elsewhere small fractions are called for as
‘sm. fr.’
Products of fractions. In manuscript it is natural to express a product
of separate fractions by simple juxtaposition: thus

lax+y sinf y dy

2b 2z 1-+4cosf’ z dx

In print this is inelegant and may be confusing. There the products
should be joined up as

a(x+y)sin 0 y dy
2b2(14cos )’ rdr
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Where, exceptionally, it is desired to emphasize some aspect of the struc-
ture of a product, the full point may be used as a grouping symbol, so

that we print (33-}’) a(x-l—y) sin @
"2z 1+cosf

The use of fractions and the solidus in indices, etc., is referred to below
in § 4.

3. Surds

For practical reasons the printer dislikes the use of the ‘vinculum’ or
bar.T This is therefore to be avoided in the notation of surds, its place
being taken where necessary by brackets. With simple forms (unless
they are to occur in complex formulae) v should be sufficient. Thus we
print

v2 (and not v2), +3811, ~%, 3/m, +2%, Asin(a+p).

Compound surds are bracketed thus

J@2x),  N+ty), J=z+a)z+b)},

and so too ,/(—311), although #v311 is usually better.

In numerical surds we treat v5 (say) as a single character and print
V5(x+vy) meaning precisely (v5)(x+y). With algebraic surds va(y+4z)
is permissible but (y+42)vz is less likely to be misread. Such a form as
v2,/(1—22) is ugly and should be written ,/(2—2z2). In any example
where confusion seems likely the insertion of sufficient brackets is
advised.

Similar principles extend to the use of the 24-point root sign. We print

y—l—b ~/ (%—-_‘Z) ~/ gigi;;

The index notation sometimes provides a convenient alternative,
especially with the higher surds—thus

(x+a),  (*+a®)t, 2yl
The advantage of the index notation will be more fully appreciated

when it is explained that such a symbol as 'V is not one piece of type,
but consists of a + cast on a specially narrow body into which a small »

t The ‘bar’ is actually a piece of metal rule which has to be cut exactly to
length and fitted precisely in position over the symbol (or symbols) to which
it refers. Two other ‘leads’ then have to be cut exactly to length to fill up the
line so formed and hold the rule securely in place. This i8 a time-consuming
business and, if more than one vinculum is used in the same line, becomes |
troublesome.
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has to be fitted to give the familiar appearance. In the case of a larger v
sign this, of course, involves justification as well.

The notation vz-+a\ has been used in place of ,/(x+a), making the surd
into one of its own brackets. This conveniently saves a pair of brackets
and may be suggested to authors with a taste for experiment.

4. Superiors and inferiors

‘Superiors’ and ‘inferiors’ are the printer’s terms for indices (or super-
scripts) and suffixes (or subsecripts). Such usual forms as z,, a®, e¥, ,F,
give the compositor no difficulty. The superiors and inferiors are each
cast separately on the full 11-point body and are in effect independent
11-point characters. Thus log,(1+422%s8in20,)is a ‘linear’ form in the sense
defined above and is set directly from the keyboard.

As will be seen by reference to the table on p. 95 the range of superiors
and inferiors available at Oxford includes the full italic alphabets in both
capitals and lower-case and the lower-case Greek alphabet. A few Greek
capitals and other frequently required characters are also in the range.

It must be pointed out that not every ‘sort’ available in text-size
11-point type is also available as a superior or inferior, although the
stock of matrices is being continually increased. The use of a character
not listed as superior or inferior may involve the cutting of a special
matrix or justification by a hand compositor.

Difficulties of another sort arise when superiors and inferiors have to
be set one above the other asin A%, b,,, 67-1. These superiors and inferiors
must each be on a 53-point body so that, when paired, superior and
inferior will build up into a composite 11-point symbol. This, of course,
has to be done by hand and requires ‘justification’ to make a proper fit.
Thus, when the context does not forbid, it is much easier for the com-
positor to set x,, ,,, or even ,x,, rather than z}'; but , .z, can be confusing
in formulae: for example z,,xz,, is clearly better than ,x,gz,. With
‘double’ superiors or inferiors, i.e. superior to superior, superior to
inferior, and so on, asin e"’, 2™, a,,, a,, , the ‘second-order’ superiors and
inferiors need to be specially cast and to be inserted by hand. Moreover,
the results are not always easy to read.

When double superiors or inferiors have to be set one over the other in
a compound symbol, the task is one of much difficulty. Such symbols as
A¥i or P«i-kp,. ). can be built up only by filing down the body size of
minute pieces of type so that they may be fitted in the correct relative
positions with respect to ¥ and ), to give the second-order superior and
inferior, the whole being carefully fitted together by hand. Such notation
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should be avoided wherever possible, the more since such composite

indices and suffixes do not make easy reading. Some possibilities of
avoidance or simplification are suggested below.

With exponents the use of exp for e is now general. It should be
employed wherever the exponent is at all elaborate and especially when
it contains superiors or inferiors. For such exponents the index notation
is not only difficult to print but also tiresome to read. Thus

exp(ax?+ 2hxy+by?), exp(sin 6,+}sin 6,)
are better than eax*+2hzy +by* esinb+sinb;

It is suggested that this notation could be extended to bases other than
e by writing exp,« for a®: this is certainly a logical extension of the
notation log,y. Thus 2inn+D), gmi+mn+n® gould be written and printed

exp, in(n+1), exp,(m*+mn—+n?).
For some purposes we might adapt the notation of the hypergeometric

function F(a,b;c; x) in which the semicolons conveniently separate
upper and lower parameters and the variable. Thus we could replace

Igralvlru.,l}(ali seey ak)

by I(k; p, o, Visesos Vigs Bpyeees By
OI" Ik(p, G", Vl,..., Vk; al,..., ak)-

This principle could be applied to indicial notation by writing

exp{—4%; A—q(x)} for {A—gq(x)}*
in cases where the indices need to be specially legible.

The figure 1 is unusual as an exponent, and may easily be mistaken
for a prime (accent) in this position. It ought therefore to be specially
indicated at its first appearance. When, exceptionally, primes and
exponents unity are to occur in the same piece of writing, special means
of distinguishing them should be adopted.

>.11 f . It is the practice of the University Press to print the limits of
a sum, a product, or an integral above and below the symbol >, ], f :
and not to the side: the gain in legibility is held to justify the extra work
of setting. This takes the composite symbol beyond the 11-point range,

n ©
so that >, f are hand-set. Thus, when », ], f are used in the text, the
1 9

limits should be given only when they are essential since their presence,
as here, deepens the line beyond the 11-point span.

In dealing with complicated sums or products it is sometimes possible
to reduce the amount of work called for both in displayed workings and
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in the current text by some such simplification of the notation as the

following.
Define

1 0o ] = B (1—go+n)(1—g@+n)...(1—qou+n)
bl: b2:"'3 bN n =0 (l_qu+n)(1__qb;+n)“_(l__ng+?1) ,

where the left-hand side is much simpler to print than the right. In
current text this may be further contracted to Ilg[(a); (b)], stating the
number of each kind of parameter where necessary. This gives a form
which can be set straight from the machine.

The custom has grown up, for example in the theory of numbers, of
packing much essential information in small type under > or perhaps
‘lim’. This is awkward for both printer and reader. It is suggested, for

instance, that
¥ 1= > > 1

n<T ay < (xz+ x)lir n<xT
n+x1=aib a;> x> n+ x;=0(mod a?)
a; > x*

is better written and printed as

21 l = 22(23 1)

where ..
n <z, n+kx, = ajb, g, >z* In 3,

or we could write more formally
21 — 21 [n < Z; N+Ky = a’{bl;al > x“], etc.

Commas. In double suffixes and so on, commas are inserted only when
needed to avoid confusion. Thus

a

mn? Am.n—1s @115 Q9 10

Use of solidus. Although the solidus is advised for fractional exponents
with literal denominators as in z@+9/c+d gimple numerical fractions are

54
generally better expressed with ‘small’ fractions: thus a?, f look better
2

@
than z34, f :

Correction signs. The customary signs for indicating superiors and
inferiors and double superiors and inferiors are explained in § 15.

5. Brackets

Brackets are a great stand-by to the mathematician. They can be
inserted for clarity at any point in a formula; they can be added to
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symbols to create associated symbols as in [z], {x} the integer and frac-

tional ‘parts’ of x. For these reasons it is worth while taking a httle care
about brackets and their use.

The doubling of brackets within themselves, as in (x—(a-+}b0))? may
trick the eye in a long formula and is foreign to the Oxford practice. The
endeavour is therefore to provide a wide variety of brackets. In regular
use we have (in printer’s language) the three sorts: parentheses ( ),
braces { }, and brackets [ ]; and their normal order is [ {(...) }]. When
necessary they can be extended by ‘full face’ brackets and parentheses
[ ], ( ). These are cut to the full height of the 11-point body and are
consequently slightly longer than the ordinary bracket and parenthesis.
They can be called for by ‘full’ against them in the margin. We then have
the extended set of [ ([{(...)}])]- °

Two further sorts of bracket can be made available on the keyboard:
‘double’ brackets || ]| and ‘angular’ brackets { >. Double brackets can
be placed outside the bracket sequence as

LLCC{C.)}1) ]I

Angular brackets have already been conventionalized in Physics, in
connexion with Dirac’s ‘bra’ and ‘ket’ vectors, and elsewhere. Other-
wise they are conveniently retained for the occasion when, in some
complicated formula, an inner term, say that within (), needs further
bracketing. The use of () avoids a rearrangement of brackets through-
~ out the formula. Thus we write

[1-+{2(a®+b%)(2*+y*)— (ab+2y)%)
= [14+{((a+b)*+ (a—b)?)(x2+y?)— (ab+xy)?}]?

= [1+[{(a+b)*+(a—b)*}(x*+y*)— (ab+=zy)?]]

where the complete change in the brackets is a little disturbing.

The purpose of such variety is to leave an author free to use some of

them symbohca.lly without running short of brackets for ordinary
‘grouping’ purposes.

Sometimes a little care can save a pair of brackets. Thus we can write
I'3z+1y) and I'(—z—y) for I'[3(x+y)] and I'| —(z+y)]. Again, since
> z+a could be read hastily as > (z+a), it is better written as > (z)+-a.
But we can avoid this bracketing if we may write it a| Y .

.Symbolic uses. The use of particular brackets in a notational sense,
unassisted by a functional symbol, asin [z], {x} already briefly mentioned,

has its drawbacks. It, of course, reduces the supply of brackets available
B 1507 | D

rather than
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for their more usual purpose and cannot therefore be pursued very far;
and the eye, accustomed to regard brackets as part of the unemphatic
punctuation of a mathematical formula, has to be retrained to give them
functional significance. On the other hand, in a symbol such as the matrix
element a,;, or C,,, the coefficient in > > C,,, x™y", the symbols a, C are
unimportant as against the parameters 1, j or m, n. It would often be
tempting to omit @, C and write merely {z,5)> or {m,n}, say, bringing
these essential symbols into their rightful prominence. This, however,
can grow tiring with much use.

Perhaps the right conclusion is that the permanent stereotyping (and
therefore sterilization) of a type of bracket is a hindrance, but that
temporarily in an article or book it may be convenient to give a nonce
value to certain brackets. But in every such case the author should make
clear to editors and others in a covering page that such-and-such brackets
have a special meaning and therefore must not be tampered with and
presumably may not be used elsewhere for current purposes.

A departure from the recognized sequence of brackets should similarly
be noted. -

To distinguish open and closed intervals the convention has some-
times been made of reversing the bracket at an open end. Thus (e, d) is
‘the completely closed interval, )a, b) is open at @, and )a, b( is the interval
open at both ends. The printer’s attention should be drawn to this use
so that he will not ascribe these reversed brackets to a mere error.

Full parentheses ( ) should be used round the upright verticals | | be-
cause of their greater height. These are also convenient when bracketed
symbols have to be enclosed as coordinates in the usual coordinate

parentheses as (n(2y +2,5), n(y;+Ys))-

Where brackets have to spread over two or more lines of print, [ ] are
to be preferred to () or {}, which grow bulgy with extension. Thus we

print a,b;
oIi(a,b; c; x) but J‘l[ "’c ’x].
Special uses. Brackets, preferably ( ), should be used in ‘parenthetic
definitions’. Thus in enumerations we write
% 1= Llyu,N), Upn (M =1,2;n=1,3,5),

where in the second example the semicolon is used for better separation.
Where such parenthetic definition occurs we do not punctuate
u,, (r = 1,...,m),; the added commas are redundant with the brackets ( ).
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The ‘broken definition’ of a function is conveniently printed with a

brace as (1 (m=n),
f;_)f e {0 (m # n),

where the punctuation should be noted.

In limits it is sometimes handy to write (x — o0) in place of ‘asx — c0’.
We write (> 1) not x (x > 1), but, of course, sinz (x < =) in full.

The use of ( ) after a functional symbol that is not one of the usual
f, F, ¢,... can occasionally lead to ambiguity. Thus, if z(¢) is in use, we
could read z(a-b) as either the product (a+b) X x or the value of x(¢) at
t = a+b. We could avoid such a difficulty by using { > as the functional
brackets.

As already mentioned, the ‘vinculum’ is much disliked by printers
and ought to be regarded as obsolete in print, whether with surds or
elsewhere. It should always be replaced by brackets.

In the text ( ) carry clauses for which commas are inadequate, or,
where they would enclose a bracketed symbol, dashes may be preferred.
Interpolations in the text that stand outside the argument, as for
instance references, should be given [ |: ‘as has been proved by Cayley
[(6) 23, Theorem 1].

When a mathematical expression occurs in the text, it does not require
additional brackets for that reason except when hyphened on to another
word. Thus we print ‘n-+1 dimensions’ not ‘(r+1) dimensions’, but
‘(n+41)-dimensional’.

6. Embellished characters

Some general remarks have already been made about the use and abuse
of embellishments over or under mathematical symbols: briefly that these
additions are much disliked by printers except when the symbol as embel-
lished is otherwise available as a single character and so can be set at once
from the keyboard. The full set of such composite characters available
at Oxford is given in Appendix B. It will be seen that ‘barred’ letters
are available for the entire alphabet of italic capitals and for nearly all
lower-case italics and lower-case Greek. The dotted alphabets are much
less complete, although there is a full lower-case Greek alphabet dotted
below. For the rest, linguistic study has furnished us with an assortment of
letters, English and Greek, variously modified. These are preponderat-
ingly vowels and mostly much too haphazard for mathematical pur-
poses. When, therefore, an author introduces a character, modified above
or below, that is not in this list, he is, in effect, asking for a new symbol,
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and such a symbol should be considered on its own merits for legibility
and convenience, as should any new character. Thusit may be questioned
whether -+ is sufficiently clear and distinct, especially when seen in proof;
some more outstanding plus such as 4 would have been preferable. In
fact dotted symbols are in general to be discouraged except perhaps in
traditional devotion to Newton. We must further remember that such
composite characters, whether already available or specially cut, mean
so many more characters to be accommodated on the keyboard; when
its capacity is exceeded, these extra characters must be-inserted later
by hand.

Bounds and limits. Some authors are accustomed to use lim, bd,
and so on for least and greatest limits and bounds. These notations are
being superseded by ‘sup’, ‘inf’ for the greatest and least bounds, and
correspondingly ‘limsup’ and ‘liminf’ for the limits of these bounds.
These forms can be adapted to subtler limits and bounds, and it is sug-
gested that they should render unnecessary the use of barred notations.

A bar over a symbol is now in use in topology and elsewhere to denote
the ‘closure’ of aset. This is associated with ‘fr’ and ‘int’ for the ‘frontier’
and ‘interior’ of a set. It would be much more convenient typographi-
cally to print ‘cl’ or ‘clo’ for closure: the latter is preferable as being
pronounceable; ‘fro’ would be preferable to ‘fr’ on the same grounds.
Over some letters the bar is not easily read, asin §; so too the tilde as in 8.

This can be worse in the denominator of a fraction as in - ch

ER

7. Displayed formulae

The term ‘displayed formulae’ is used in contradistinction to those
formulae or combinations of symbols that are embodied in the lines of
text. Most of the formulae of printed mathematics occur as displayed
formulae. These are set centrally on the page, i.e. leaving equal amounts
of ‘white’ on each side (though an exceptionally long formula may need
the full ‘measure’—i.e. length of each line 0f type on the page). They are
generally spaced vertically from the body of the text, the spacings or
‘blanks’ being obtained by means of leads, i.e. shallower strips of metal
that do not reach to the printing surface.

Alternatively a simple formula or expression may be embedded in the
text. Such a formula must be short enough not to be broken between
two successive lines of text: it is a rule of composition that formulae that
cannot be completed in a single line of text are to be displayed even
though not so shown in the author’s copy. This may happen to a text-
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formula because, when set up in type, it chances to begin towards the
end of a line, which cannot, of course, have been foreseen by the author.
It i1s therefore a safe rule to keep only the shortest formulae in the text;
~ there is then generally sufficient play in the spacing to allow the com-
positor to follow the author’s wishes.
Text formulae, as explained earlier, should be within the 11-point
limits of height to avoid interference w1th the regulanty of the linear

interspacing, though occasionally, as with H such interference must be

accepted unless, as suggested in § 4, Il Wﬂl serve.

On the other hand, very short expressions or sets of symbols will look
awkward and isolated if displayed, and these therefore should be retained
in the text.

Broken formulae. When a formulaistoolong for the page-width and has
to be broken into successive lines (and we are now, of course, speaking of
displayed formulae), it should be broken, if possible, at the end of a
natural ‘phrase’; if, for example, it is a much-bracketed formula, it should
be broken at the end of one of the major brackets and not at an inner
symbol. This natural phrasing (as in music or speech) makes for intelli-
gibility between writer and reader and should not be left to the composi-
tor. An author, when he finds himself writing a longish formula, should
indicate a convenient point of fracture in case of need. The compositor
will not make use of it if he can possibly get the formula into a single line.

If the over-long expression has, let us say, the general form {...}4{...},
so that it is conveniently broken at the 4, then, by the Oxford custom,
this sign is repeated so that the broken formula appears as

{3+
+{...}.

This repeated -} serves to connect the two parts of the formula, and the
first 4+ reminds the reader that there is more of the expression to come—
in the way that a speaker’s voice retains its pitch at a pause to show that
a spoken sentence is incomplete.

The convention includes, of course, the minus sign. A product {...}{...}
is thought of as if written {...} X{...}, and the X is repeated when the
formula is broken at this point. The principle is conveniently extended
to an operator product so that we print

(0%/0x®+-0%/0y?) X
X f(x,y),
where the X can be read as ‘on’ or ‘operating on’.
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A ratio that needs to be broken is better written as a fraction if
numerator and denominator do not exceed the measure of the page.
Otherwise the division sign = is to be preferred to the solidus, which is
not very distinctive in long expressions. Thus

{...}+ e Yo Efann {-e}/ u L) is best.
AR bt il F R Bl

Broken ‘assertions’. Symbols of assertion such as =, >, ~ and the
rest are not repeated in this way. Thus we print

(4)
= (B)

8o long as each member (4), (B) of the equality is complete in itself.
This fits accepted practice when, often, an expression (4) is displayed
in isolation to be followed by an assertion written out in the text and
not stated symbolically with =, etec.

Equations are best broken at ‘=’ rather than at 4, —, X if this is
possible, and so for other ‘assertions’.

A succession of assertions is printed

(4) > (B) (4)
= (C) > (B)
or-
= (D) = (C)
= (D)

with the symbols of assertion ‘ranged’, i.e. set vertically beneath one
another. It should be noted that a connecting sign applies strictly to the
two expressions immediately connected by it: that is to say, the above

formulae imply that
(4) > (B), (B)=(C), (C)=(D)

and therefore that
(4) > (€), (4) > (D).

When some of the steps of the succession do not need the full width of the
page, we may be able to print
(4) > (B) = (C) g (4) > (B) = (C)
= (D) = (D),
according to the length of (D). We purposely avoid
(4) > (B) = (C)

= (D)
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since, in an actual example, the line of >, > could mask the presence
of =. We are careful therefore to ‘derange’ the >, >. The compositor
has instructions about this, but the author should look for this ‘ranging’
and ‘deranging’ both in copy and in proof. |

Stmultaneous equations are similarly ranged by the = and not by the
first or last symbol in each line. Thus

| T = a,
?j+z e b+6,
r—y+2z = d.

A ‘broken definition’ 1s best displayed in some such form as
sinz (x < 0),
tanxz (x = 0).

“Broken inequalities’, which can occur in obtaining upper and lower
bounds, can be set thus:

f(z) = (x*+1)/(x*+2)
>}
and < 1.

Economy. Since much of the burden of analysis is carried by displayed
formulae, it is worth while to give some attention to their economical use.
A complicated formula may be straightforward enough for the printer,
but may still demand effort from-the reader. Heavy formulae can often
be lightened by the temporary introduction of a symbol to denote some
recurrent element of them. Formulae are helped also by a happy choice
or invention of notation.

Analysis must often rely on a long successive reduction or simplifica-
tion of formulae: on what is, in fact, symbolic computation. How much
of this should be written out and how much left to the reader involves
decisions many of us have to learn by experience. Ideally the argument
should give just sufficient stepping-stones to enable a competent mathe-
matician to stride in safety from each one to the next. Tricks and turns
in the computations, especially those crucial twists due to the author’s
own ingenuity, should be clearly indicated. Straightforward and well-
known procedure can be omitted.

Subsidiary results or results of secondary importance may be just
enunciated and left with the remark ‘it can be proved that’ or ‘I have
been able to show that’.
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The writer should often ask himself ‘Is this worth several pounds a
page ?’

8. Notation (miscellaneous)

A few miscellaneous points that can arise in mathematical setting are
arranged here. |

Abbreviations, where used with a mathematical symbol, become part
of mathematical notation and are printed without the full point (and in
roman) like mod 2, sinz, det |a,,|. The abbreviation is normally written
without a capital: max(z, y) not Max(z,y); but we could, if we wished,
define Max in some special sense. Other abbreviations, such as ‘const’
for ‘constant’, are less elegant and should be avoided. This objection
does not apply to ‘e.g.’, ‘i.e.’, ‘ete.’, which pass as current English. Of
these ‘e.g.’ can often be equally well written out as ‘for instance’ or
‘for example’, and we can in this way avoid the ugly combination of
il.e.,e.g.,.... On the other hand, ‘i.e.”’ has no handy alternative and is
essential in mathematical narrative linking equivalent statements in
much the same way as ‘="’ links equivalent forms. When it introduces
a displayed formula, it is better placed on the left of this formula, rather
than on the right of the preceding line.

The abbreviation ‘etec.’ is preferred to ‘&c.’ since the ampersand ‘&’
rather suggests a mathematical symbol. This unwanted ‘&’ may, in fact,

be offered to writers who are looking for still another symbol for some
sort of addition.

Binomaual coefficients are now usually written with the notation (:) ;
thouhgh this, as here, breaks the line awkwardly when it appears in the
text, as it may well do in enumerating the number of members in a set.
If this symbol is printed with 5%-point letters as (7), it is less quickly read,
especially with a more elaborate form such as (™"%?~1). The older forms
nC,, C%, which still survive, also have this disability and wastefully add
the intrusive C. It is suggested that the symbol (n!r), which has been
used, might be tried more frequently.

Definitions. The usual form of introducing some symbol as a tem-
porary shorthand for a longer expression is along these lines: ‘we write

8 =x+y+z,

putting the new symbol first and, where possible, displaying the formula
of definition (as here), so that it is readily seen on reference back. Some-
times the definition will come naturally at the end of a reduction by
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successive =’8. The convenient form for this is

1 0
s B ff(:c) dx—l—ff(x)dxr- +1,, say,
0 1

where ‘say’ is best brought into the line of definition if possible. It is
always kind to the reader to let him know without hesitation that the
perplexing symbols have been newly introduced and are not some
symbols already met whose significance he has foolishly forgotten. For
this purpose some authors use = for the identity of definition; others, if
they work in the theory of numbers, detest this, since for them = is the
congruence symbol. This symbol is also sometimes written for a casual
identity that is established in the course of an argument: ‘we thus see
that f(z) = ax+4b’. Here we generally get a better emphasis in the form
‘we see that, identically in z, f(x) = ax4b’.

Lamats. 1t is usual to write x - a+0, x - a— 0 to distingiish the limit
at r = a approached respectively from above and below. It issuggested
as an economy that these could be written z - a4, * - a— without

ambiguity.
The accepted notation for a limit is lim and so on. This has replaced
I—»00
Lt or It.

L—>00 L—>»P0

- Matrices and determinants. The full ‘two-dimensional’ notation of
matrices and determinants such as

Q17 Qo Qin
Aoy Qg Aoy
a,m anz s ann

~ 18 expensive to print and unwieldy to read if there is much of it. Every
opportunity should therefore be taken of simplicities of pattern through
the absence of elements or otherwise to reduce the notation to a (horizon-
tal) linear form. For the completely general matrix, the form printed
above can be replaced by [a,.] or (a,,) alone. Either bracket is permissible
here, but [ | has the better appearance in the elongated form needed in
the full notation. ' '

The matrix of a single column can be written {z,,..., z,,} or col(z,,..., z, ).
The ‘diagonal’ matrix, in which all the elements are zero except a,,,...,a,,,
of the principal diagonal, is written diag(a,,,..., @,, ), and this is extended
to diag(4,,...,4,), where 4,,..., A, are sub-matrices diagonally placed

in the matrix, which i1s completed with zero elements.



42 RECOMMENDATIONS TO MATHEMATICAL AUTHORS

For the determinant sufficiently definable in terms of a typical element
a,, we can write det|a,,| or simply |a,.|. But, when this latter could be
mistaken for a modulus, we can use ||a,,||.

The normal alignment of a determinant is by its first row, so that we
print

I

a b c|=a®+b34+c3—3abc.
c a b
b ¢ a

There may, however, be occasions on which it is preferable to align on
the centre line of the determinant.

Maxima and minima. While max and min are available for the
greatest and least values of an expression, these can become awkward
in formulae: for instance if we had to write

min pr+—min p > ?-z—ilﬂ—é (max u)—min u)—e.
It is suggeste(i that, unless musicians object, we could make use of
#, b for this purpose, and write instead

1
I‘Lgr-i—l)—}“'b > nN2 (P'(#r)_#'b)_e'

Products. In simple products the traditional order is: numerical co-
eflicients, literal coefficients, variable factors as in 2ax. We help the eye
in more elaborate products by putting factorials and symbols such as
(), near the beginning; bracketed factors later, and exponentials at the
end. Thus mn! could be mistaken for (mn)!, and e*™*y reads less easily
than ye'™*, We write 2n! or sometimes, for safety, 2(n!) to distinguish
it from (2n)!, but n! 2%, We write f(x)e? but e'"f(x).

‘Abbreviated’ functional symbols like sin, cos should come at the end
of a product whenever possible. Thus we use asina-+bsinf and not
sin xa-sin B b, which could be read as sin(aa)+sin(8b). This principle
should be maintained in more elaborate examples than need be given
here; where it cannot be applied, brackets should be inserted.

Numerical factors are separated by a full point, as 2.4.6...., and we
conveniently extend this to negative numbers without added brackets,
asin —3.—1.1.3.5.

In unfinished series we are reminded that there is more to come by a
last 4+ or — at the break, whichever is appropriate:

14+24-34..., x— i+ dad—... .
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For an infinite series ‘to co’ may be preferred to ‘ad inf.’ as

1—3+44—... to 0.

Vectors. We print scalar product a. b, vector product a A b; or, when
it is clear that @, b are vectors, we may print simply a.b and a Ab.
The heavy type used here is known as ‘bold-face Some authorities,
notably the Royal Society, recommend the use of ‘sans serif bold’ type
for vectors (a.b, A.B), as also the use of roman 1, j where these denote
J(=1)

>, =, <. These symbols have currently the force of verbs: ‘exceeds’,
‘equals’, etc., and it is thought inelega.nt to use them in the text as
adjectives or unsupported by mathematical symbols. Thus instead of
‘a number > 0’ we write ‘a positive number’ or it may be ‘a number x
(> 0)’; instead of ‘the number of solutions > 2’ we write ‘the number of
solutions which are greater than 2’ or ‘the number of solutions is more
than two’, whichever is meant.

In the Oxfo:d practice the symbol > (in this form) is used alike for

‘is greater than or equal to’ and ‘is not less than’. Exceptionally we
may wish to distinguish between ‘f(x) > 0’ as meaning f(x) has zero
among its values and ‘f(x) < 0’ as meaning ‘I know only that f(x) cannot
be negative’. '

(—)™ 18 essentially a symbol of ‘sign’ and not of number. Thus it is
not proper to write (—)*/n! meaning (—1)*/n!; we do not write +/n!
for 1/n! On the other hand, (—)™x®, (—1)™x™®, (—x)® are all admissible
and all mean the same thing.

Sign of substitution. The sign sometimes used for substitutions is
rT=a

puzzling to compositors, who are used to seeing vertical rules in pairs:
the sign is not used often enough to become established in the compositor’s
mind as a symbol in its own right. It is better to write all substitutions
in the form [...],_,, where the brackets have the advantage of delimiting
the subject of substitution. If, for some reason, these particular brackets
are not available, the symbolism {...},_, or (...), -, is unlikely to mislead.

Some mathematicians (including the writers) will maintain that
symbolism can be overdone; that a remorselessly symbolic mathematics
need not be the more intelligible. The passage from mind to mind must
be made through the reader’s eye, and a microscopic notation, all
‘jots and tittles’, indices and subscripts, may be as illegible as a macro-
scopic exposition relying largely on words and phrases. The ideal lies
between these, in which an occasional word punctuates the symbolism
and a formula or a little knot of symbols breaks the flow of words.
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9. Headings and numbering

Here it is convenieht to treat together the arrangement of an article
for a journal, or a chapter of a book, since the problem is roughly the
same for each. In a book, the chapter number will be printed in roman
capitals centred on the page, the word ‘Chapter’ being suppressed. The
title of the article or chapter is set in large capitals (indicated where
necessary by triple underlining); for a run of articles under the same
title (I), (II), etc., are added after the title. This title, or a shortened
version of it, may appear as the headline of alternate pages. The author
should provide for this purpose a form of title shortened to not more
than 40 lettersincluding spaces (that is, for the usual Oxford mathemastical
format). Otherwise the editor or compositor must produce such a variant,
which may not give satisfaction. Itisoften helpfulin a book for shortened
chapter titles to be used as headlines for left-hand pages, with section
titles (shortened where necessary) as headlines for right-hand pages. The
right-hand headline will refer to the section containing the top line on
this page.

In every case long titles, running maybe into several lines of capitals,
are to be deprecated, for appearance’s sake and because they have also
to be quoted in full in ‘Contents’ and indexes, and perhaps subsequently
in references. It is, of course, recognized that in much specialized mathe-
matical writing it is no easy matter to compose titles that are at once
concise yet explicit.

Titles (for elegance) should avoid footnote signs and also, where
possible, symbols, since titles will be quoted in indexes, and perhaps
elsewhere, in smaller founts.

Sections. An article or chapter is divided into sections introduced by
serial numbers and headings in bold type (indicated by a wavy line drawn
under the words) set ‘full out’, i.e. beginning at the left-hand margin.
A full point follows the serial number but not the heading. The text
commences, indented, in the following line:

10. Conclusion
These methods can be extended . . . .

If section titles are not being used as headlines and the author’s invention
fails him for a heading, the text runs on after the serial number:

10. These methods can be extended . . . .

Sections are quoted with the symbol § and serial numbers in ordinary
type, as § 1, §§ 2, 3, §§ 3-7, etc.
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The continuity of an argument will sometimes lead to an overlong
section. This may well be broken up into sub-sections with decimal num-
berings in ordinary type: thus we should subdivide § 4 into 4.1, 4.2, . . ..
These numbers are inserted (with or without italic headings) at the
appropriate ‘paragraphs’ as described below. Such sub-sections are
quoted as § 4.1, §§ 4.2-4.5, and so on. |

For the reader’s understanding an article should generally begin with
an introductory section explaining at what point the subject is being
taken up and, if possible, indicating the main results achieved. In much
mathematical work this ‘introduction’ will differ little from a ‘summary’
and may sufficiently take its place.

Occasionally the sections themselves are grouped under PARrT I,
PaARrT 1I,... or other more informative superior headings. For contrast
with the section headings these are conveniently centred and, as here,
set in capitals and small capitals with roman numerals.

Paragraphs. The sections themselves will be ‘paragraphed’ (that
18, indented) at convenient intervals. Where there are few displayed
formulae, the text should be lightened by frequent indention; but dis-
played formulae contribute a sufficient ‘aeration’ of the page, and
paragraphing can then follow the broad phrases of the argument. Use of
a typewriter often encourages too frequent indention, which then gives
an irritating left-hand margin to the page.

Subordinate headings within a section are set in italics, the text
running on after a full point. Thus always ‘Proof.’, ‘Case (i): x > 0.’,
etc. The principles outlined above will be found exemplified in these
pages.

Exceptionally a break within a section, superior to a paragraph, can
be made by a ‘line of white’, i.e. a line of space, built up by setting a
line of quads or insertion of leads. The author asks for this by noting
marginally ‘space’ or ‘line of space’.

Enunciations. Sections will also be broken from time to time by the
enunciations of theorems, lemmas, and the like. These are preceded by
the appropriate title THEOREM, LEMMA, COROLLARY, ... in capitals and
small capitals (indicated by an appropriate underlining (see § 14) or by
‘c. & s.c.” written in the margin).

The enunciations themselves are set in italic. This is indicated by
underlining, or a vertical line may be drawn in the left-hand margin
running the length of the enunciation and the gloss ‘ital.” added. The
author should so indicate the exact extent of his enunciation; otherwise
this must be guessed at by an editor or compositor.
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Theorems, lemmas, etc., are separately paragraphed: that is, they are
indented and the line of text immediately following is also indented.

The italicizing of enunciations should be extended to other less precise
enunciations such as the statement of a problem, the formulation of an
hypothesis, an elaborate definition, or intermediate results that may
occur in the course of an argument and which it is desired the reader
should note. Such less formal enunciations may be paragraphed or not
according to their length or importance. In a sense we may regard this
italicizing as the mathematician’s quotation marks, taking statements
outside and above the level of the ordinary text.

It should be noted that ‘lemma’, ‘theorem’, etec., are common nouns
spelt with lower-case first letters, but, followed by a number, they become
proper nouns and are given capitals. Thus we write: ‘we prove these
theorems by use of Lemma 1...". So, too, ‘Feuerbach’s theorem’,
‘Fig. 1’, ‘by reference to the figure’.

Numbering. For most purposes of serial numbering arabic numerals
are best. Letters, whether English or ‘Greek, may be confused, in the
text, with such letters used symbolically. Roman numerals soon grow
cumbersome and I may be misread as a pronoun (as perhaps here).f

Exceptionally, as has been said above, roman capitals in parentheses
( ) are used with titles in a periodical to indicate successive parts (or
afterthoughts) of the same study with repeated title; and they are con-
veniently used for chapter-numbers in a book. Lower-case roman
numerals are recommended in the text for enumerating separate cases
or where a number of parallel conditions or statements need easy separa-

tion: thus

Let us suppose that (1) x > 0, (11) » is an even integer, (ii1) C 18
some constant, (iv) «, B, ¥ depend only on z, . . . .

The advantage of the roman numerals here is that, having no symbolic
significance, they are not likely to be confused with any of the symbols
xz, n, C, a, B, y.

The numbering of sections, of theorems, etc., and of equations and
formulae is always in arabic numerals. Various systems of enumeration,
quasi-decimal and otherwise, have been used and have their points of
advantage; but over-elaboration is to be avoided. In a series of articles
in a periodical the enumeration should be complete for each article and
not run on consecutively through the series.

The organization of sections and smaller divisions in a book presents

1t This is avoided by writing the numeral always in parentheses as (I).
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individual difficulties. Where the sections are relatively few it is often
sufficient to number them in one series through the book, ignoring the
incidence of chapters. Where large numbers would result from this or
where each chapter is more self-contained it is better to start each with
section 1. Occasionally it may be helpful to incorporate the chapter
number in the section number, so that, e.g., Chapter V1 begins with
section 6.1. In either case subsections can follow the scheme suggested
above, their heading, if any, being in italic set at the beginning of the line.
Sub-subsections can be inset and labelled (a), (b)...; sub-sub-subsections
can be distinguished by (i), (ii).... It is essential to retain consistency of
order in labelling the smaller divisions. Even more complicated schemes
can be devised to satisfy individual whim: discussion at an early stage
with the publishers is advised.

Equation numbers. In the Oxford practice equations and formulae
are numbered on the right, the number being in parentheses (). A very
few distinguished mathematicians have numbered their equations on
the left: this is exceptional. What is so numbered must be displayed;
a number cannot, of course, be set against a line of text. The number
will normally refer to a single mathematical line, i.e. normally a single
printed line: exceptionally a broken formula extending over two or more
lines of type, in which case it is set opposite the lowest line. Where several
mathematical lines are to share a number, e.g. a set of simultaneous
equations, these are braced on the right by a'}. The use of a brace and
an equation number considerably reduces the effective width of the page,
and where the equations involved are long, this means breaking them
across two lines. This is frequently avoided by suppressing the brace and
printing the equation number below the whole group.

If it should later become necessary to refer to an individual one of these
braced lines, a subscript number may be used: thus (7,) could denote the
second equation of the system (7).

Where it is desired to link two separated formulae by ‘subdividing’ a
single number, the forms (7a), (7b),... or perhaps (7), (7a),... are
recommended. The latter may be useful when oversight has left two
equations with the same number or has left a needed equation un-
numbered. |

Normally, the numbering of equations runs on consecutively, since it
is always new work that is being numbered. But, of course, it is some-
times convenient or necessary to repeat an earlier equation; it may be
misleading to omit its earlier number or to give it the new number of its
new position. To repeat its earlier number can then give such a deceptive
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sequence as (4.7), (4.9), (4.10), (4.7), (4.11). Insuch a case the innovation
is suggested of adding brackets [ ] to the repeated number so that the
sequence above would appear as [(4.7)], (4.9), (4.10), [(4.7)], (4.11).

In a book the repetition of the section number in the equation number
can be justified, particularly if there is much reference from one section
to another. The suppression of the full point between these two numbers
18 less useful. If the chapter number is already incorporated in the
section number this makes a 3-figure reference, which is in general only
necessary when there is much cross-reference from one chapter to another.

Ideally one should number only those equations and formulae that
will be needed in the subsequent course of the analysis or that may be
quoted by other writers. Admittedly this presupposes foresight that
few of us lay claim to, and one has often been embarrassed in referring
to some unnumbered formula. But, on the other hand, excess of number-
ing may defeat its purpose by making it difficult to pick out the particular
numbers that are actually needed.

Subsidiary results. Sometimes a piece of work may lead in passing to
a number of results that do not seem to deserve the title of theorem or
lemma. These, having been enunciated in italics and paragraphed, may
be numbered serially on the left in brackets [ ].

10. Footnotes and references

In mathematical printing the custom of the University Press is to
indicate footnotes not by small figures but by the signs {, i, §, |
used in this order and followed, if necessary, by the same symbols
duplicated: that is by §1, ete. The asterisk is now avoided since it
frequently occurs in mathematical notation. It may be hoped that
further reference marks will not be borrowed in this way, since their use
sends the eye automatically to the foot of the page to look for what is
not there.

Retference marks are preferably attached to words and not to symbols,
for then they could be supposed part of the notation. It is better, too, to
keep them away from titles and headings. When reference marks fall
at the end of a clause or sentence, they are printed after the sign of
punctuation as ‘,f’ or “.1’.

Since pages of the copy will not correspond with the printed pages, an
author should write a footnote immediately under the line to which it
refers, dividing it from the main text by lines drawn across the page. It
is less convenient to have footnotes collected at the end of a chapter or
article.
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It is good practice in mathematical work to keep footnotes as few as
possible; massed footnotes distract a reader. All important information
should be worked into the text: this can sometimes be done by insertions
in brackets [ ]. References to authorities should be treated as suggested
below. Footnotes then remain for interpretations, corrections, ir-
relevancies, and other such ‘asides’. In particular, footnotes, which of
course are set in a smaller fount, ought not as a rule to contain formulae
—especially when these involve indices, subscripts, or other symbols
already in small type. '

It must be remembered that the operator, presented with a sheaf of

copy, is accustomed to go through the pages picking out all footnotes,
and to set these first in their smaller fount; some work and care is then

needed in reallocating these to their proper places.

References. Cross-references within a chapter or an article are con-
veniently dealt with as suggested in § 9. In the case of a book, references
to other chapters should include the chapter number, (VI § 2) or
(Chap. V1§ 2). The chapter number should be given in roman numerals.
It is not necessary to include the word chapter or any abbreviated form
of it: where this is done, however, the form used (Chap., Ch.) should be
consistent throughout. Where the chapter number has been included
in the ‘decimal’ notation (cf. § 9) the reference is more conveniently given
as (§ 6.2). References to sections should be given rather than to pages,
since these can be written once for all into the copy without waiting for
page proofs. Also they are unaltered by any possible subsequent dis-
turbance of the type.

References to other work can be given piecemeal in footnotes as they
are needed in the text. If they are at all numerous, it is, however, much
better not to give them as footnotes but to collect them together at the
end of the article or chapter. There they may appear under the head-
ing ‘References’ and may be referred to in the text as indicated below.
In the case of a book it is sometimes preferable to collect the whole of
the references at the end, where they appear as a ‘Bibliography’. Authors
should consider which method best serves their interests, but are
recommended to avoid footnotes unless references are very few.

References should be presented in a standard form. For an article give
the author’s initials and name, the title of the article (if desired) in
quotation marks, the name of the periodical in italics followed by the
number of the series (if any) in brackets, the volume-number, the year
in brackets, and, finally, the first and last page-numbers of the article.

For a book give the author’s initials and name, the title of the book in
B 15697 E
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italics, the place and year of publication (or the edition) in brackets.
The punctuation is shown in the example below.

‘Volume’ and ‘page’ and their abbreviations are omitted. There are
recognized abbreviations for the titles of journals. The Royal Society
in their Notes on the Preparation of Papers (July 1951) give a list of the
more frequently cited scientific journals, while a list more suited to
the needs of the pure mathematician can be found in Mathematical
Revews.

These references are arranged preferably in the alphabetical order of
the authors’ names, repetition of an author being indicated by a rule,
and of a periodical by ‘ibid.” An author in collaboration is distinguished
from the same author writing alone. The references are then numbered
in succession in bold-face type. The following example shows how these
detailed rules are observed in practice:

1. D. E. Littlewood, The Theory of Group Characters and Matrix Represenia-
tions of Groups (2nd ed. Oxford, 1950).

2. D. E. Littlewood and A. R. Richardson, ‘Immanants of some special mat-
rices’, Quart. J. of Math. (Oxford) 6 (1934) 269-82.

3. ‘Some special S-functions and g¢-series’, ibid. 6 (1935) 184-98.

The foregoing scheme is that which appeals generally to the ‘pure’
mathematician and is followed in detail by such journals as the Quarterly
Journal of Mathematies (Oxford) and the Proceedings of the London
Mathematical Society. Other systems differing from this very slightly
are in use: the most common is that in which the only variation is that
the volume number is printed in bold face, all other details being followed
exactly. This is used, e.g., in the Quarterly Journal of Mechanics and
Applied Mathematics. The Royal Society has standardized a slightly
different form for their publications and many authors have followed
the lead there given.

Authors should be warned that each journal and, generally, each series
of monographs has its own style, and that when writing for a particular
journal or series they should familiarize themselves with its style and
follow it.

When writing a book to be published by the Oxford University Press
they are advised to follow the style here given, or'the variant in which
the volume number is given in bold face. The Press, however, does not
wish to dictate in this matter, and any scheme used consistently through-
out the book will as a rule be followed.

The references are, as a rule, to the complete article or book in
question, which is then quoted in the text by its serial bold-face type
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number in parentheses ( ): thus

‘The problem has also been discussed by A. N. Other (1).’

It is unnecessary and tiresome to print for this
‘The problem has been discussed by A. N. Othert’,

with a footnote ¥ A. N. Other (1), or even { (1). When details of page,

equation number, etc., become necessary, these are given in- brackets
thus:

‘The proof has been given by A. N. Other [(1) 27 (3); see also
(2) § 6]’

Less conveniently this information is given in a footnote.

This use of (1), etc., is much to be preferred to the ad hoc reference by
initials and so forth, such as A.N.O. (I). And, of course, numbering by
means of superscript figures should be avoided if clarity and lack of
confusion with mathematical symbols are sought.

It is convenient practice to give an author’s initials in the collected
‘References’, omitting them in the text or in footnotes, unless they are
necessary for distinction, as between F. Riesz and M. Riesz. Titles are
given only when an individual has been brought into personal relations
with the writer: ‘My thanks are due to Professor X’, ‘Dr. Y points out
to me that ... .

The humane author will be careful to give such a sufficiency of refer-
ences to earlier work whether by himself or by others that the interested
reader can take up the argument without difficulty. It is perhaps a mild
form of arrogance to suppose that everyone must be acquainted with the
subject in hand. Where the topic is enshrined in an abundant literature,
it may be possible to give a useful reference to a wider bibliography
elsewhere, but precise references ought to be given to all books and

articles from which formulae, theorems, or other details have been
quoted.

11. Varieties of type

In this section we are concerned with the type faces used in setting the
text of a mathematical book—these are bold-face, italic, large and small
roman capitals. We make mention also of special founts, such as script,
and the Greek and German alphabets, which can be drawn upon for use
as mathematical symbols.

Bold-face type. The use of this type for numbering and titling of
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sections has already been mentioned, as also its special use for the num-
bering of references. In mathematical notation heavy type has been
conventionalized to denote vectors, although, as their novelty diminishes
and their frequency in mathematics increases, the reservation of a
specialized type may become less necessary. All publications do not
make use of the same fount of heavy type. Oxford-has standardized
the ‘bold face’ type shown in the heading of this section, but the Royal
Society favours ‘sans serif’ bold (cf. § 8). In any case bold-face type
should be used with economy and discretion in mathematical symbolism
because of its strident quality; much of it on a page upsets the evenness
of appearance and makes for less easy reading. Certainly such a notation
as (1) in a mathematical sense would be undesirable since it could be
confused with the notation for references.

The sign for bold type is a wavy line beneath the words or symbols in
question; for security the word ‘bold’ may be added in the margin.

Italics, as has been saild, are used for enunciation and for subordinate
headings. Elsewhere in the text they may be used very sparingly (as
here) to emphasize a word or phrase. When emphasis is essential in an
enunciation or other block of italic type, this is obtained by setting in
small capitals.

Formal definitions in the text are conveniently given in italics: ‘we
call | f| the modulus of f’. Looser terminology can be put in quotation
marks: ‘we apply the method of ‘‘maximum descent’’ at this point’.

In addition to these uses in the text, the bulk of mathematical notation
i8, of course, carried in italic type. This the printer knows, and it is
therefore unnecessary to indicate as italic any recognizable English letter
used with a mathematical symbol or occurring in a mathematical formula
however short: for example the n in n+1 or n = 2. On the other hand,
when such letter appears in isolation in the text (as does the first n in the
foregoing sentence), 