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ABSTRACT. Mathematics books and journals do not look as beautiful as they
used to. It is not that their mathematical content is unsatisfactory, rather
that the old and well-developed traditions of typesetting have become too
expensive. Fortunately, it now appears that mathematics itself can be used
to solve this problem.

A first step in the solution is to devise a method for unambiguously
specifying mathematical manuscripts in such a way that they can easily be
manipulated by machines. Such languages, when properly designed, can be
learned quickly by authors and their typists, yet manuscripts in this form
will lead directly to high quality plates for the printer with little or no
human intervention.

A second step in the solution makes use of classical mathematics to
design the shapes of the letters and symbols themselves. It is possible to give
a rigorous definition of the exact shape of the letter“a”, for example, in such
a way that infinitely many styles (bold, extended, sans-serif, italic, etc.) are
obtained from a single definition by changing only a few parameters. When
the same is done for the other letters and symbols, we obtain a mathemati-
cal definition of type fonts, a definition that can be used on all machines
both now and in the future. The main significance of this approach is that
new symbols can readily be added in such a way that they are automatically
consistent with the old ones.

Of course it is necessary that the mathematically-defined letters be beauti-
ful according to traditional notions of aesthetics. Given a sequence of points
in the plane, what is the most pleasing curve that connects them? This
question leads to interesting mathematics, and one solution based on a novel
family of spline curves has produced excellent fonts of type in the author’s
preliminary experiments. We may conclude that a mathematical approach
to the design of alphabets does not eliminate the artists who have been
doing the job for so many years; on the contrary, it gives them an exciting
new medium to work with.

I will be speaking today about work in progress, instead of completed
research; this was not my original intention when I chose the subject of this
lecture, but the fact is I couldn’t get my computer programs working in time.
Fortunately it is just as well that I don’t have a finished product to describe to
you today, because research in mathematics is generally much more interest-
ing while you’re doing it than after it’s all done. I will try therefore to convey
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FIGURE 1. A sequence of typographical styles in the AMS Transactions:

(a) vol 1 (1900), p. 2;
(d) vol 25 (1923), p. 10;

(b) vol 13 (1912), p. 135;
(€) vol 28 (1926), p. 207;

(c) vol 23 (1922), p. 216;
(f) vol 105 (1962), p. 340;

8€¢

HINNY ‘9 °d



k-1
0=rx(CTra) — Cra)xry= 1

i=1

This element is of lower length. It follows there
i=1,.-.,k Hence, (a) yields that r;= \ri, \;
Now r; # 0, by the minimality of &, and 3 A«
which we deduce that 3_A\ia; = 0. But the o; a
which is impossible since in particular A, = 1.

THEOREM 7. Let R be a dense ring of linear t
F be a maximal commutative subfield D. If Ry
tion of finite rank over F, then R contains als

The set N, is nowhere dense in Z; and thus N=pi
For each £ € Y— N we must prove that f; satisfi
be the unique projection in {P, | d € D} such that
the algebra (E«/E)-P, is finite and homogeneot
onal abelian projections Ej, E,,..., E, such that
(1=, k<n) be partial isometric operators in (EsZ.
(1) Uy Uin=23y;Uy, where & is the Kronecker d¢
(2 Ux=U,;and
(3) Uy=E,
forall1<j,k,I,m<n. For each 4 in (E&/E)- Py, t
in &P, such that

The algebra P is nearly simple if and only if thc
(a) N is spanned by a,---, at=k-1 bl’ eee
ij=l,eee, b
(b) Either n— k =char F with k even or n

Proof. By Theorem 5.5, there are elements
@y---,atk=1, by, b,. Furthermore, ab, =
for all i, j where each a, )ti,. is in F. Fromt
n~k-1 p

’ l’

space of the space spanned by a ceey
Assume P is nearly simple. Then there is

show that each b, is in M. To do this, it is nec

:tions in GL(W) and h,g, a, B € I as coordinate
ined by the respective bases chosen above. If a,
anction of AP is the minor of |g;| determined by
columns (1), . .., B(p)- The coordinate ring of
4, together with 1/det|h,g], while that of GL(W)
gether with 1/det|g;|. The coordinate functions
, 5o to show A’ is a morphism it suffices to show
nial in g; and 1/det|g;|. For this, the following

haracter of GL(W) is an integral power of the

f Q, ie.
) =0 forevery x €A for which x(Q) =0}

‘or m, is equivalent to the one induced by the

ne
ve

x@l:x€4, IxI<1 and x(w) = 0}.

;present the open unit disk in the complex plane, C,
t polydisk in #-dimensional complex space C". T"
woundary of D", ie.

:onverges pathwise to X*, and uniformly for t €

“ for which X; is the (last) minimum of Y2, let };",
tlues of Y*, and T* the interjump times for Y
st an i such that };x = T;* = . Notice that Yé\ i
id thatase — 0, YQ)‘ converges to I* = inf,X,". Le
ts of (—c0, o). Then, for example, if i > 1

4 EBY),-Y) € CT), € DN>Q>i}

eATN e - ecTheDN>Q

(2) vol 114 (1965), p. 216;
(j) vol 179 (1973), p. 314;

FIGURE 1 [continued ]:
(h) vol 125 (1966), p. 38;
(k) vol 199 (1974), p. 370;

(i) vol 169 (1972), p. 232;
(1) vol 225 (1977), p. 372.
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in this lecture why I am so excited about the project on which I am currently
working.

My talk will be in two parts, based on two different meanings of its title.
First I will speak about mathematical typography in the sense of typography
as the servant of mathematics: the goal here is to communicate mathematics
effectively by making it possible to publish mathematical papers and books of
high quality, without excessive cost. Then I will speak about mathematical
typography in the sense of mathematics as the servant of typography: in this
case we will see that mathematical ideas can make advances in the art of
printing.

Preliminary examples. To set the stage for this discussion I would like to
show you some examples by which you can “educate your eyes” to see
mathematics as a printer might see it. These examples are taken from the
Transactions of the American Mathematical Society, which began publication
in 1900; by now over 230 volumes have been published. I took these volumes
from the library shelves and divided them into equivalence classes based on
what I could perceive to be different styles of printing: two volumes were
placed into the same class if and only if they appeared to be printed in the
same style. It turns out that twelve different styles can be distinguished, and it
will be helpful for us to look at them briefly.

The first example (Figure 1a) comes from p. 2 of Transactions volume 1; 1
have shown only a small part of the page in order to encourage you to look at
the individual letters and their positions rather than to read the mathematics.
This typeface has an old-fashioned appearance, primarily because the upper
case letters and the taller lower case ones like ‘4’ and ‘k’ are nearly twice as
tall as the other lower case letters, and this is rarely seen nowadays. Notice
the style of the italic letter ‘x’, the two strokes having a common segment in
the middle. The subscripts and superscripts are set in rather small type.

This style was used in volumes 1 to 12 of the Transactions, and also in the
first 21 pages of volume 13. Then page 22 of volume 13 introduced a more
modern typeface (Figure 1b). In this example the subscripts are still in a very
small font, and unfortunately the Greek a here is almost indistinguishable
from an italic ‘a’. Notice also that the printer has inserted more space before
and after parentheses than we are now accustomed to. During the next few
years the spacing within formulas evolved gradually but the typefaces re-
mained essentially the same up through volume 24: with one exception.

The exception was volume 23 in 1922 (Figure 1c), which in my opinion has
the most pleasing appearance of all the Transactions volumes. This modern
typeface is less condensed, making it more pleasant to read. The italic letters
have changed in style too, not quite so happily—note the ‘x’, for example,
which is not as nice as before—but by and large one has a favorable
impression when paging through this volume. Such quality was not without
its cost, however; according to a contemporary report in the AMS Bulletin
[45, p. 100], the Transactions came out 18 months late at the time! Perhaps
this is why the Society decided to seek yet another printer.

In order to appreciate the next change, let’s look quickly at two excerpts
from the Bulletin relating to the very first Gibbs lecture (Figure 2). The






