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1. Introduction

Typesetting any material requires a compositor with the skill to make
a number of decisions about how best to meet the demands of the
text, but mathematics can be a particularly demanding subject. Using
many exotic figures and symbols, mathematical notation often defies
the tendency of a typical passage of text to line up letters and numbers
one by one, row after row, in an orderly and predictable manner. The
detailed notation and complex arrangement found in all but the most
basic maths present challenges that traditionally could only be met by
compositors with specialised expertise, able to visualize how all these
pieces could fit together and then carefully arrange them by hand. In
1957, the Monotype Corporation Limited introduced its 4-line system
for mathematics, a technique for mechanically composing mathemati-
cal formulae with metal type that would reduce the amount of time-
consuming, costly hand-setting needed for mathematics. With this new
method, Monotype hoped to automate some of this process without
sacrificing any of the quality that had only been possible with hand-
setting until that time.

The 4-line system was a modification of existing tools and type
designs rather than a fundamentally new technology. Mechanical com-
position employed intricate machinery requiring an incredible amount
of precision, and any changes to it had to work within the constraints
of an industrial infrastructure already in place. A development like the
4-line system — in essence a set of mechanical attachments along with
anew set of matrices for casting the type itself — may seem straight-
forward, but it still required years of development, and could only offer
a partial solution for composing complex mathematics. Nevertheless,
it was a significant enough change to open up the once-exclusive field
of mathematical and scientific publishing to a much wider range of

printers and establish a new standard for math in print.



15 x 15
(225 matrices)

Figure 3

Three different sizes of matrix

case. Individual brass matrices are
positioned in order of the character's
unit width: all the matrices on one
row will be used for characters of the
same width, and all those on the row
below will measure one unit wider.
The largest matrix case benefits from
a caster attachment called the unit
shift, which enables a row to contain
characters of two different widths.
Over the years Monotype added
rows to the matrix case to increase
its capacity from 225 (15 x 15) to 255
(15 x 17) and finally to 272 (16 x 17)

matrices.
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set width (in units)
face— body height (in points)
shoulder body (0.918" deep)

Figure 2
A single type sort, showing the key
dimensions and parts mentioned in

this essay.

Chaundy et al. The printing of

mathematics, p. 2

2 Monotype metal typesetting

Before examining the details of the 4-line system, it will be helpful to
understand the basic equipment and techniques employed by typical
Monotype mechanical composition.

The Monotype system mechanically sets text made up of single
types — individual characters cast one at a time, lined up, and stacked
into galleys of text. The use of individual sorts allows compositors to
rearrange the type after casting. This way compositors can make cor-
rections or insert characters that could not be cast at the same time
as the bulk of the text, such as those from other fonts or those set at
different sizes. This ability to supplement the mechanical process with
manual composition made Monotype the ideal choice for certain kinds
of printing, such as academic books or other texts whose complexity

required great attention to typographic details.

2.1 Units of measurement  The Monotype system measures the verti-
cal dimensions of type (body and character sizes) in points. However,
it measures horizontal space in terms of the “set width” of any given
font. (See figure 2.) The set width is generally close to — but rarely
equal to — the nominal point size of any given font. For instance, the
set width of Times New Roman is 9%, at 10 point. This indicates that
the widest character in this particular 10-point typeface, such as the em
space, will measure 9.75 points wide. Other typefaces may use a differ-
ent ratio of set width to point size.

The set width of all fonts is divided into 18 units of space, and all
characters and spaces within the font are measured by these units and
designed with a minimum width of 4 units and a maximum width of 18
units.! (With additional attachments to the keyboard and caster, 3-unit
spaces can also be cast.) Since the unit width of a given character may
differ from one font to the next, the arrangement of matrices for casting

will differ as well. (See figure 3.)

1 Chaundy, T W, P R Barrett, and Charles Batey. The printing of mathematics.
London: Oxford University Press (1954) p. 6.
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Figure 4

A typical keyboard layout with two
banks of keybuttons. Duplicate
characters placed on differently
coloured keys indicate other styles
available for those characters, such as
italic or small capitals. The two rows
of red keys showing numbers from 1to
15 are used for justifying lines of type

with unit spaces.



2.2 The keyboard The first major component of a Monotype system
is the keyboard,? a stand-alone device used to produce a perforated
tape that specifies the sequence of characters made by the casting
machine.

On the keyboard two banks of keybuttons sit side-by-side on a stand
(see figure 4), each key connected to a lever below called a keybar. The
keybars transfer the pressure of the keys above to the internal mecha-
nisms of the keyboard. The stopbar case, a mechanism that must be
changed for each font used, counts the units that add up on each line
as keys are pressed. Another mechanism uses compressed air to push a
series of 31 pistons that perforate a paper tape with a pattern to indicate
which part of the matrix case should be held in position above the type
mould in the caster. Since the positions of keybuttons is fixed but the
layout of the matrix case will change from one font to another, the key-
bars must be rearranged for each font so that the static keybuttons can

always correlate to the varying matrix positions.?

2.3 Thecaster The composition caster is the unit that creates the lead
pieces of type in the sequence specified by the keyboard. The paper
tape produced by the keyboard is moved to the caster and loaded onto
a spool across which compressed air is blown. As air is forced through
the perforations in each row, it moves a series of pistons that drive a
complex mechanism to move the matrix case and position the matrix
for each specified character over a mould that forms the body of each
piece of type.

At the same time, another mechanism adjusts the width of the
empty chamber within the mould to the correct set width for the
matrix held above. Although the mould adjusts to many different
widths, it can only produce one body height. Therefore, a different
mould must be used to cast different body sizes.

Once the matrix position and the character width are set, the caster
lowers the matrix case onto the mould and pumps molten lead into the
mould chamber. The mould shapes the body of the type sort while the

matrix shapes the face. Once the lead cools, the caster lifts the matrix

2 The keyboard described is the Monotype D keyboard introduced in 1908. The
earlier C keyboard with its single bank of keybuttons was never adapted for 4-line

mathematics.

3 Stocks, Mick. Demonstration of a Monotype keyboard and caster at the
University of Reading (6 December 2006).






case and pushes the sort out the side of the mould and into a channel
that carries it to a galley along the side of the caster. This process

repeats for all the characters and spaces in each line. When the caster
encounters the end-of-line signal on the paper tape, it pushes the line

of text up and begins casting and arranging the next line.*

2.4 Make-Up After casting the galleys of type, a compositor moves
the galley to off the caster, makes any manual adjustments needed,
and splits the galleys into individual pages for printing. If passages of
text are cast in separate lots for any reason — recall that the caster can
only accommodate one body size or one limited set of matrices at a
time (see figure 3) — this is the stage where the lots are combined and

arranged into their final layout.

4 Bolton, David. Demonstration of a Monotype keyboard and caster at the
Alembic Press, Abingdon, Oxfordshire (2 December 2006).
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the time and skill of a highly trained

compositor.



3 A business opportunity

3.1 The difficulty of mathematics Despite the efliciency of the stan-
dard Monotype system, mechanical composition could only accom-
modate the most basic mathematical notation. Simple single-line
expressions might be set without manual intervention, but most maths
call for a mix of roman and italic characters, numerals, Greek symbols,
superior and inferior characters, and many other symbols. To ease the
process, printers and Monotype itself often urged authors to use alter-
nate forms of notation that could be set more easily, but the clarity of
the subject matter often depended on notation that was more difhicult
to set. Even if there were room in the matrix case for all the symbols
needed at one time, the frequent use of oversize characters, strip rules,
and stacked characters and symbols require type set on alternate body
sizes and fitted together like a puzzle. This wide variety of type styles
and sizes made if costly to set text with even moderately complex
mathematics, since so much time and effort went into composing the
material by hand at the make-up stage.

Although the Monotype system was still preferred by printers of
mathematics, the volume of distinct characters and their complex
arrangements forced most printers to assemble equations almost
entirely by hand, using casters to produce individual sorts for later
assembly and insertion into galleys of mechanically set prose.

Setting maths requires skilled compositors with enough training and
experience not only to interpret the instructions in a mathematical
manuscript, but also to quickly find and place any of the thousands

of different characters that may be needed. This kind of experience
restricted mathematics to the specialised printers who worked with the

“learned presses” at prestigious universities and professional societies.®

5 Type could be made in batches on the composition caster, which could use
attachments to produce some oversize characters and rules. Larger characters and
rules as well as any other sorts could also be made on Monotype’s Super Caster,
which could cast a wider variety of material, but only one character or object at

a time.

6 Chaundy et al. The printing of mathematics, pp. 11-16.
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3.2 The aftermath of World War Il After World War I, an explosion of
scientific and technical publishing placed a strain on traditional meth-
ods for composing mathematics. The printers who had specialised in
mathematics already wanted to increase the efficiency and reduce the
cost of their operations, and other printers with less experience in the
field wanted to try and meet some of this new demand.

The war itself brought a number of changes to Monotype that would
influence its direction in the following years. The works at Salford —
Monotype’s main production facility — were converted to a munitions
factory in 1939, severely limiting the company’s ability to continue its
own product line for the duration of the war. Then on 10 May 1941, the
building housing the company’s offices and printing school at 43 Fetter
Lane in London was destroyed by enemy bombs. Although new offices
were soon established nearby, the equipment and records lost in the fire
were another substantial blow to the company’s operations.”

As it resumed production in the wake of the war, Monotype found
itself struggling to meet its customers’ demands for parts and equip-
ment.? In this climate of an uncertain return to economic stability, it
makes sense that the company would choose to develop technology
such as the 4-line system that adapted to its existing equipment and
working methods, rather than solutions that would make unrealistic
demands on the company’s ability to devise and manufacture new

kinds of equipment altogether.

7 Wallis, Lawrence W. ‘Monotype time check’, The Monotype Recorder, new series
(10) (1997) p. s0.

8 The Monotype Corporation Limited. Book of information, 2nd edn. London:
The Monotype Corporation Limited (1970) p. 8.

n



Figure 7

This diagram shows how characters
of different sizes can be arranged
within a 4-line equation. Character
details that extend past the edge

of any rectangle indicate kerns that
must be supported by shoulder-high
spaces, strip rules, or the shoulders

of adjacent characters.

Poole, J E. Mathematical Formulae.
London: The Monotype Corporation
Limited (1971) p. 2
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Diagram showing how the

overhanging face of 10-point type cast

on a 6-point body rests on a 6-point

shoulder-high space, effectively

working as a sort with a 12-point body.

4 The 4-line system

The 4-line system is a combination of special matrices, attachments for
the keyboard and composition caster, and procedures for making up
galleys after casting. Equations are still set separate from the body text
and inserted later, but the system allows more complex equations to be
cast with minimal manual intervention, speeding up the overall process
of composing math considerably.

Rather than casting type on a body size that matched its point size,
4-line equations are planned as four rows of characters set on a half-
size body and then stacked together. (See figure 6.) Characters are set
at 10 points on 6-point bodies, with overhanging details supported by
shoulder-high spaces of the same width set in the line above. Full-size
characters therefore take up two rows of the equation, while inferiors
and superiors (which would have little or no overhanging detail) can
be placed on either of those rows as needed. (See figure 7.)

Breaking a line into two halves allows the same matrices to create
characters placed either as inferiors or a superiors of the first order.
This duplicity of function frees up many positions in the matrix case
for additional characters. Second-order characters — those set inferior
or superior to first-order inferiors or superiors — require separate
matrices, although these can still be cast on 6-point bodies like other
characters.

A compositor inserts strip rules or oversize characters after casting
and arranges any other details of the equation that do not fit within the

basic arrangement of four lines.’

9 The Monotype Corporation Limited. Information sheet no. 156: 4-line
mathematics. London: The Monotype Corporation Limited (1959) pp. 1-2.

13
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In these sample equations, the red
lines indicate the top and bottom
edges of each row of type in the

equation.

A An equation set with the Patton
method for 4-line maths. Monotype's
customers refused to accept the

broken and uneven horizontal rules.

B An equation set with Monotype's
method. Note the 2-point-high strip
rules inserted between the second

and third rows of the equation.

The William Byrd Press. Mathematics
in type. Richmond, VA: The William Bird
Press (1954) p. 16

The Monotype Corporation Limited.
Information sheet no. 156: 4-line
mathematics. London: The Monotype
Corporation Limited (1959) p. 4
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4.1 Development of the system In 1952, the Monotype Corporation
in the United Kingdom first heard of a 4-line technique called

the Patton method being used in North America by the Lanston
Monotype Machine Company." From this came the idea of casting
letters on a half-height body, as well as using a deletion mechanism

to cast shoulder-high blanks based on the width of characters them-
selves, rather than casting them from blank matrices. In the Patton
method, however, the horizontal fraction rule was built up from line
segments cast as part of the characters in the third row of the equation.
Monotype originally hoped to duplicate this technique of dealing with
the rule, but the specialist printers they consulted found the end result
inferior to the quality they were able to achieve with hand composition
of pre-cast type and strip rules. (See figure 8.)

Working with feedback from the learned presses and Arthur Phillips
of Her Majesty’s Stationery Office (HMSO), along with engineering
assistance from the firm of Sir Isaac Pitman & Son,” Monotype spent
the next six years perfecting its own implementation of a 4-line system
that could set a wider variety of equations with its keyboard and caster.
They circulated the first trial results in 1954, receiving feedback that
convinced them to recut of many of the characters used. They finally
announced the 4-line system at a special exhibition at Monotype
House in 1957, and Oliver and Boyd Limited of Edinburgh purchased
the first installation of the system in June 1958."

Somewhere between 700 and 8oo different matrices were prepared
for the initial release, but by 1971 this number had grown to over 8,000
different matrices, with up to five new matrices still being added each

week. Considering that many characters could be positioned as either

10 Poole,J E. Mathematical formulae. London: The Monotype Corporation
Limited (1971) p. 1.

1 The William Byrd Press. Mathematics in type. Richmond, VA: The William Bird
Press (1954) p- ix.

The Patton method was named for Wade H. Patton, who designed the method
for the Lanston Monotype Machine Company in the United States. Although the
Monotype Corporation in the UK was originally spawned from its US counterpart,

the two functioned as entirely separate entities.
12 Poole, ] E. ‘Mechanising mathematics, Monotype Newsletter. 81 (1967) pp. 19-22.
13 Anonymous. “Monotype’ 4-line composition solves mathematical setting

headaches), Printing News (25 September 1958) p. 3.

15
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Figure 9 opposite

Sample mathematics set by hand
and with the 4-line system, taken
from Monotype information sheet
no. 156 (March 1959). The hand-set

sample uses Modern Series 7, with

additional characters taken from Bold

face Series 53 and Greek Series 106.
In the 4-line sample set with Series
569, the symbols show proportions
and spacing that better match the

text characters throughout.

N2
sin? w o
272
4772 [ -
A
f a2
sin“ w >
2712
B
Figure 10

A Modern Series 7 composed by
hand.

B Times New Roman Series 569 set

with the 4-line system.

These details (magnified 2x) from the

sample above show the improvements

offered with Series 569. Overall the

text is slightly narrower, and features

less contrast. Numerals have a lighter

color and more open counters that
improve their clarity at small sizes.
Greek characters are drawn with a
compatible x-height to that of the
roman. Since the design of the series
anticipates combinations found in
maths, characters such as the italic
L have kerns for better positioning of

smaller characters.

superiors or inferiors, this actually reflected over 11,000 available char-

acters that were available for 4-line maths."

4.2 Times 4-line Mathematics Series 569  For the sake of expedi-
ency, Monotype chose to develop a single type series for the 4-line
system — a variation of its popular Times New Roman Series 327,"
which at the time had only a few matching maths symbols. During the
development of Times 4-line Mathematics Series 569, as the new series
became known, many characters were redrawn to minimize the need
for kerning and optimize, where appropriate, the reuse of matrices

for both superior and inferior characters. Greek characters, operators,
and other mathematical symbols previously cut for other series were
added to Series 569 and redrawn to harmonise with its overall design.
New matrices were also made for oversized fence characters (brackets,
braces, parentheses, etc.) in sizes up to 26 point. Although many sym-
bols already existed in other series, samples show that they did not mix
with one another as consistently as they would in Series 569. (See figures
9 and 10.)

Before the introduction of the 4-line system, guides to mathematical
composition consistently recommended Monotype’s Modern Series 7
for text featuring maths, even though they noted Times New Roman
as another acceptable choice. Greek characters were most often set
with Greek Series 106 (Porson), which included more characters cut

for use as math symbols than any other Greek face.’"” With so much

14 Poole, Mathematical formulae, p. 2.

15 Monotype identified the type families created for its metal and film equipment
with a series number. In the case of Times New Roman, the basic text face as
designed by Stanley Morison was designated Series 327, but other variations were
given other series numbers. Although the font introduced for 4-line maths was
still a Times New Roman design, it was officially designated Series 569 because it

contained a distinct set of characters from the original.

16 Phillips, Arthur. ‘Setting mathematics, The Monotype Recorder. 40 (4) (1956) p. 10.
Phillips refers to a 1950 report by The Royal Society Consultative Committee for
Co-operation with Printing Organizations that concluded that mathematical works

should be restricted to Modern Series 7, Imprint Series 101, or Baskerville.

17 Anonymous. ‘Mathematical setting: Letterpress printer must give high standard
to avoid the diverting of orders, says Arthur Phillips, Printing World (23 January
1957) p- 78.

In a presentation given at Monotype House Phillips also mentions Sir Cyril Burt’s
Psychological Study of Typography, which declared that Modern Series 7 was the type-

face that mathematicians and scientists expect to see in their publications.

17
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precedent for the use of other series, why then would Monotype put
so much effort into developing a new Times New Roman series for the
4-line system?

A growing number of requests for additional matrices convinced
Monotype that Times was becoming more popular for technical
publications, and would be a strategic choice to bring to market at that
time.”™ Although its customers might have preferred more typographic
choices, the lengthy process of creating new matrices for the vast num-
ber of characters needed for mathematics would have been too costly
to repeat for multiple series, or even for additional point sizes within
a single series.”

Recall that Monotype was urged by its customers to abandon some
of the principles of the Patton method and develop a better technique
of their own. Customer reactions to the 1954 trials of the 4-line sys-
tem also led to changes in many symbols used in Series 569. It is pre-
sumable that the specialist printers saw Monotype’s investment in this
new system — and its willingness to consult with some of its influential
customers — as an opportunity not just to match the quality of what
was capable with hand-set type, but to exceed it in terms of typo-
graphic consistency and clarity. If new characters were to be cut, there
would be an excellent opportunity to bring the full set in line with
the primary text face once and for all. This all involved a substantial
investment of labor on Monotype’s part that reflects its commitment
to establishing a new standard for typographic quality with the 4-line

system.

4.3 Changes to the keyboard  The use of any new series requires
new equipment for the keyboard: a new set of stopbars to mark the
correct set width for each character on the paper tape, a new arrange-
ment of keybars to coordinate keybutton positions with the rest of
the keyboard components, and even a new justification gauge to help

the operator calculate the available space at the end of the measure.

18 Poole, Mathematical formulae, p. 2.

19 The Monotype Corporation Limited. A pocket picture book of ‘Monotype’

machines. London: The Monotype Corporation Limited (n.d., ca. 1965) p. 23.
From the creation of working drawings to the final stage of quality control for

a matrix, Monotype went through 82 steps to create each new character in any of

its series.

19
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Figure 11
A comparison of a typical keyboard
layout (as shown in figure 4) with one

arranged for setting 4-line maths.




A keyboard used for a lot of mathematical work would also benefit
from custom keybutton banks showing the most commonly used
maths characters. (See figures 11 and 12.)

These alternate components might be needed by any new type
series. The 4-line system, though, also requires the use of a special
“continuous deletion” key. With this key depressed, the keyboard
records the widths of a sequence of characters while telling the caster
to form shoulder-high spaces of the same width rather than forming
the characters themselves. These blank spaces created with a 6-point
body either support the overhanging full-size characters on the follow-
ing row of an equation, or hold the space above or below an inferior or
superior character.?® (See figure 7.)

Planning the correct keying sequence is a critical part of the train-
ing for a keyboard operator setting maths. Rather reading through
manuscript text in a linear fashion, the operator needs to examine
each equation in a manuscript, determine how much of it can be set
mechanically, and then how the characters and symbols within that
equation should be positioned within the 4 available lines. (See figure
13.) For any characters that cannot be set in line with the others (char-
acters larger than 12 points, for example, or additional symbols that
could not be fit into the matrix case), spaces of equal width (removed
by the compositor later) are needed to hold their position for

justification.

4.4 Enhancement of the composition caster Maths composition is
easier with the later models of composition caster that can use larger
matrix cases to hold more matrices. Additionally, 4-line composition
requires additional attachments to accommodate the complex spacing
methods set by the keyboard. An attachment for creating a 3-unit space
(rather than the typical 4-unit minimum) was used, as well as a special
wedge that enabled smaller spacing increments.

The maths attachment itself is actually a series of components that
allow the caster to create the shoulder-high spaces based on char-
acter widths from the keyboard, rather than using predefined spaces
with their own matrices. As noted earlier, any characters than span
two rows of an equation must be keyed twice: in the top row they are
keyed along with the delete key, and then they are keyed again in the

following row. When the caster encounters the delete-key notation

20 Information sheet no. 156, p. 2.
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Figure 13

This diagram shows the proper way
to plan a keying sequence for an
equation with full-size characters

as well as inferiors and superiors.

For each line keyed, white boxes
indicate shoulder-high spaces created
by keying the character shown
immediately above or below while the
delete key is depressed. Grey boxes
indicate characters keyed normally

without using the delete key.

Information sheet no. 156: 4-line

mathematics, p. 2

A

LINE |

LINE 2

LINE 3

LINE 4 |
A

LINE 1. A, B, C, D, E, F: Shoulder-high spaces of the same
unit-widths as characters below. G: 6-pt. character positioned as
a first-order superior (compare 4G). H: Second-order superior.
J: As 1c. K: Second-order inferior.

LINE 2. A: 10-pt. character with overhang protruding upwards.
B: 6-pt. character positioned as a first-order inferior. C: Second-
order superior. D: As 28 (compare 31). E: Second-order inferior.
F: As 2a. G, H, J, K: Shoulder-high spaces of the same unit-
widths as characters above.

LINE 3. A, B, C, D, E, F: Asline 1 A, B, ¢, D, E, F. G: As 1G
(character cast from same matrix as used for 2m). H: As IH.
J: As 1o (character cast from same matrix as used for 2p).
K: As IE.

LINE 4, A, B, C, D, E, F: Asline 2 A, B, ¢, D, E, F. G: As 2B
(character cast from same matrix as used for 1a). Note first-order
superior above. H, J, K: As 2aG, H, J, K.
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on the paper tape, the maths attachment slides a small blade between
the matrix case and the mould so that the molten lead will fill the
mould chamber (set to the correct width for the character) but not the
matrix itself. This creates a sort that perfectly matches the width of the
intended character, but with nothing cast above the shoulder height.
The resulting blank sort can then support the overhanging detail of
the same character in the following row, or fill a gap between other
characters in the equation.

Monotype also recommended a slightly different mixture of lead
for 4-line maths, a formula containing 10% tin and 10% antimony (the
standard mixture was 10% tin and 16% antimony) that is slightly less
durable but flows more easily into the very fine details of the matrices

for small characters and delicate overhangs.?'

4.5 Final make-up of the galleys  The 4-line system still assumes that a
certain amount of hand composition will be required after the casting
process. Horizontal rules, oversize characters, and any additional sym-
bols must be inserted once the galley is removed from the caster. Some
forms of notation require more complex arrangement than the system
accommodates, so sorts must be rearranged by hand to compose them.
Also, since the 4-line system uses a different size of mould than any
surrounding text would use, lines of math are still cast separately from
the text and integrated later.

Certainly, printers would have preferred a solution that eliminated
slow, costly hand-setting altogether. The 4-line system was a significant
improvement, though: it increased the speed of maths composition
by an average of 26 percent.?? By transferring a significant portion
of the work to the keyboard operator — a set of skills that could be
more easily trained than those of the make-up compositor — printers
from outside the specialised world of the learned presses were able to
compete for the business of producing mathematical and technical pub-

lications with a minimal change in the of duties of their employees.

21 Information sheet no. 156, p. 1-2.

22 Phillips, ‘Setting mathematics’, p. 24.
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5 Conclusion

Although unable to automate the maths composition entirely,

the 4-line system nevertheless transformed the printing of math-
ematics. Once 4-line maths were introduced, sources described
Monotype’s method as the standard technique for such material. %
Series 569 and the principles of the 4-line layout were even adapted
for Monophoto — Monotype’s filmsetting technology? — and their
relevance carried on until the digital era demanded other solutions
for setting mathematics.

In one sense, 4-line mathematics was an elegant solution to a
difficult problem. With a few deft adaptations of its keyboard and
caster — and the decision to consolidate a hodge-podge of typeforms
into one well-designed family — Monotype was able to open the field
of mathematics publishing to more of its customers and also raise the
standard of typographic quality for those who had already dominated
that field. The elegance of their solution, though, was perhaps offset by
the challenges of its execution. The Monotype Corporation as we know
it today — a licensor and distributor of software products based on its
intellectual property — is not the manufacturer of precision industrial
equipment that it was in the 1950s. At that time, a change in technology
as relatively minor as the 4-line system still took half a decade to
perfect. Series 569 was based on the existing design of the Times New
Roman family, yet it took at least two decades for Monotype to design
and produce the matrices needed for its vast character set.

A change in working method, a change in typefaces — in the era of
mechanised metal typesetting, these called for a massive investment of
materials, time, and labor. Today, when an individual can be his own
digital foundry, compositor, and publisher — when complex math-
ematics can be set with freely available software tools — it can be chal-
lenging to appreciate the scope of Monotype’s achievement with the
4-line system. This change in method and typeface, however, brought
new value to hot-metal composition in era when even Monotype itself

was already looking for other ways to set type.

23 Wick, Karel. Rules for type-setting mathematics, Prague: Publishing House of the
Czeckoslovak Academy of Sciences (1965) p. 12.

24 Poole, ] E. ‘Filmsetter mathematics, Monotype Newsletter. 82 (1967) p. 2.
Monotype’s own literature continued to assert the usefulness of 4-line metal

composition over filmsetting for some kinds of notation.
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Appendix

Most literature about the 4-line system describes the typographic
developments and the concepts behind planning and keying an equa-
tion in a 4-line arrangement, with only a cursory mention of the special
attachments required for the system to function properly. Images of
the maths attachments are understandably rare, since the attachments
themselves are barely visible once they have been installed and do not
suggest much about their function when seen on their own. Catalogues
of Monotype spare parts, however, show images of the individual
pieces that make up the continuous deletion attachment for the key-
board and the special maths attachment for the composition caster. The
maths attachments may have each had a simple mechanical function,
but the complexity of these parts suggests the scope of the engineering

effort that went into their creation.

SIKCE 81KCT
91KCB

93KCI13 93 KC10 93KCT 93K CE

91KCS L 91KC2

93KCI12K

91 KCAK—m=
I 91KEC3
91KCe
91KC10 "-\
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aB2ZKC1
) a82KC10 92KCT
;,4 4-92KC2 n
92KC4 92KC12 92KCe 92KCS b93KCEK 203KC2  bOIKC! assd,

Figure 14
The individual parts that comprise
Monotype component 44KU,

Continuous Delete Attachment

The Monotype Corporation Limited.
Spare parts list for ‘Monotype’
standard and deluxe keyboards
comprising illustrations of sections
and component parts with their
names and symbols. Salford, Redhill,
Surry: Monotype Corporation Limited
(n.d., ca. 1970)
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Figure 15 this page and opposite
The individual parts that comprise
Monotype components 93CU,
Mathematical Attachmentt; SE,
Mathematical Attachment (Cam
Lever Shaft Stand); 294E,
Mathematical Attachment
(Bracket); 295E, Mathematical
Attachment (Switch Box); 296E,
Mathematical Attachment (Valve
Box “Mathematical”); and 297E,
Mathematical Attachment (Valve

Operating Arm)

The Monotype Corporation Limited.
Spare parts list for ‘Monotype’ type and
rule casters comprising illustrations

of sections and component parts with
their names and symbols. Salford,
Redhill, Surry: Monotype Corporation
Limited (n.d., ca. 1970)

" LEADING & MATHEMATIGAL 'i 1\

44F8 ha4FF

44F30

g44F 1

XaBF

30

b44F9F

203E2 — g

a)

296E2

R93E12
|
- A 293E3

b293E1

| ——— 203E8
293E5

203EB

‘\\“QQBEI



9ED 297E9

297ES8
207TET
29TEG

297ES

297E10
296E15

297E11
emtie- 297 E4
207E3
o=
207E2 V
- 206E14 — | |8
29TE15 Lem i

206E5~__ |

297E14 296E3 B
™~

297E18 29TE1T

TT-_T;
295E6 206ET7
206E4 _
995E11 205E10 205ETE 207E16
\ g 296E10 —»=
i —t— 205 EQ
r — '
Pad 4 297E19 —=
E
295E8 - 205E12 207ET 296E11—s—g

295E14
Fj——zgsms D0GE12 —
29TE13

297E12 —=

LI

296E13—

296E6 —-—6

ww.‘\ug?

295E3 295E5 295E4

31



32



Works cited

Anonymous
‘Mathematical setting: Letterpress printer must give high standard
to avoid the diverting of orders, says Arthur Phillips, Printing World

(23 January 1958) p-78
Anonymous

“Monotype’ 4-line composition solves mathematical setting

headaches’, Printing News (25 September 1958) p. 3

Bolton, David
Demonstration of Monotype keyboard and caster

(2 December 2006)

Chaundy, T W, P R Barrett, and Charles Batey
The printing of mathematics. London: Oxford University Press (1954)

The Monotype Corporation Limited
Book of information, 2nd edn. London: The Monotype Corporation
Limited (1970)

The Monotype Corporation Limited
Information sheet no. 156: 4-line mathematics. London: The Monotype

Corporation Limited (1959)

The Monotype Corporation Limited
A pocket picture book of ‘Monotype” machines. London: The Monotype
Corporation Limited (n.d., ca. 1965)

The Monotype Corporation Limited
Spare parts list for ‘Monotype’ standard and deluxe keyboards comprising
illustrations of sections and component parts with their names and
symbols. Salfords, Redhill, Surrey: The Monotype Corporation
Limited (n.d., ca. 1970)

The Monotype Corporation Limited
Spare parts list for ‘Monotype’ type and rule casters comprising
illustrations of sections and component parts with their names and
symbols. Salfords, Redhill, Surrey: The Monotype Corporation
Limited (n.d., ca. 1970)

Phillips, Arthur
‘Mathematical typography’, Print in Britain. 4 (12) (1957) 358—61.

33



Phillips, Arthur
‘Setting mathematics, The Monotype Recorder. 40 (4) (1957)

Poole, JE
‘Filmsetter mathematics, Monotype Newsletter. 82 (1967) 2—4.

Poole, JE
‘Mechanising mathematics, Monotype Newsletter. 81 (1967) 19—22

Poole, JE
Mathematical formulae. London: The Monotype Corporation
Limited (1971)

Saunders, David
“Two Decades of Change, 1965-1986’, The Monotype Recorder.
new series (10) (1997) 26-35

Stocks, Mick
Demonstration of a Monotype keyboard and caster at the University

of Reading (6 December 2006)

Wallis, Lawrence W
‘Monotype Time Check’, The Monotype Recorder. new series (10)
(1997) 46-ss.

Wick, Karel
Rules for type-setting mathematics. Prague: Publishing House of the
Czeckoslovak Academy of Sciences (1965)

The William Byrd Press
Mathematics in type. Richmond, VA: The William Bird Press (1954)

34




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


