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Preface

It is often said that TgX was designed for mathematical or technical purposes.
This may be true when we remember the reasons why Donald Knuth created TgX.
But nowadays there are many examples in which TgX is used for publications with
no mathematical or technical background content. However, writing publications
with such material is one of the important advantages of TgX. Because it seems
impossible to know all existing macros and options of I£IgX and the several
additional packages, especially of ApSmath. This is the reason why I have
attempted to gather all the relevant facts in this paper. An advanced version
of this paper is available as a german book VoR [2012a and also as an english
translation VoR Members of any TgX users group may ask DANTE e.V.
for a special price of the german edition (http://www.dante.de)! Please report
typos or any other comments to this documentation to hvoss@tug.org.
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Thanks for the feedback to: Juan Mari Alberdi; Luciano Battaia; Heiko Bauke;
Barbara Beeton; Neal Becker; Andrea Blomenhofer; Denis Boigelot; Alexander
Boronka; Walter Brown; Alexander Buchner; Wilhelm Burger; Marco Daniel;
Christian Faulhammer; José Luis Gomez Dans; Zongbao Fang; Philipp Gesang;
Sabine Glaser; Sven Gleich; Azzam Hassam; Gernot Hassenpflug; Henning Heinze;
Martin Hensel; Mathias Hoffmann; Jon Kirwan; Manuel Kiihner; Morten Hogholm;
M. Kalidoss; Dan Lasley; Angus Leeming; Vladimir Lomov; Mico Loretan; Tim
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Standard IATgX math mode

\ ..\

$...%
\begin{math}

\end{mathg

\Tlimits
\int
\Tim

\prod
\sum

1.1 Introduction

The following sections describe all the math commands which are available
without any additional package. Most of them also work with special packages
and some of them are redefined. At first some important facts for typesetting
math expressions.

1.2 The Inlinemode

As the name says there are always math expressions which are in a standard
text line, like this one: f(x) = ff S";(x dx. There are no limitations for the

height of the math expressions, so that the layout may be very lousy if you insert

a b c
a big matrix in an inline mode like this: A = d e f |.Inthis caseitis
g h i
abc
better to use the smallmatrix environment A = | d e f | from the Ap(Smath

ghi
package (see section[2.2.6 on page 57) or the displaymath mode (section[I.3 on]
bage 7).

This inline mode is possible with three different commands:
\(\sum {i=1}"{n}i=\frac{1}{2}n\cdot(n+1)\)\\[16pt]

Yii=gn-(n+1) $\sun_{i=1}*{n}i=\frac{1}{2}n\cdot (n+1)$\\[10pt]
\begin{math}
. \sun_{i=1}*{n}i=\frac{1}{2}n\cdot (n+1)
Lii=1in-(n+1) \end{math}

= %n-(n+1)
1. \( ... \), the problem is that \ ( is not a robust macro (see section
pn the facing pagd).
2.8 ... %
3. \begin{math} ... \end{math}, also not robust
In general $...$ is the best choice, but this does not work in environments
like verbatim or alltt. In this case \(...\) works.

1.2.1 Limits

In the inline mode the limits are by default only in super or subscript mode
and the fractions are always in the \scriptsty]eEl font size. For example:

floo % dx = 1, which is not too big for the textline. You can change this
with the command \1imits, which must follow a math operatmﬁ like an integral
(o]

(\int), a sum (\sum), a product (\prod) or a limes (\1im). But this f % dx =1

1
($\int\limits_{1}A...) does not look very nice in a text line when it appears be-
tween two lines, especially when there are multiline limitsEl

!See section[1.12 on page 30

%To define a new operator see page

3For more information about limits see section|1.6.1 on page 16|or section|2.11 on page 63|




1.2 The Inlinemode

1.2.2 Fraction command

For inlined formulas the fractions are by default in the \scriptstyle (see Tab-
ular , which is good for typesetting v = haﬁ, because the
linespacing is nearly the same, but not optimal, when the formula shows some \frac
important facts. There are two solutions to get a better reading:

1. choose the display mode instead of the inline mode, which is the better

one;
a

+1
more readable but the linespacing increases which is always a bad solution

and should only be used when the first solution makes no sense

2. set the fontstyle to \displaystyle, which makes the fraction y =

$y=\frac{a}{b+1}={\displaystyle\frac{a}{b+1}}$

1.2.3 Math in \part, \chapter, \section, ... titles like
— n = 1
fo) =T (i - 3)
All commands which appear in positions like contents, index, header, ..., must

be robustEl which was in the past the case for §...$ but not for \(...\). The
latest IATEX version deﬁnesﬂ

\DeclareRobustCommand\ ({\relax\ifmmode\@admath\else$\fi}%

\DecTlareRobustCommand\) {\relax\ifmmode\ifinner$\else\@admath\fi\else \@admath\fi}%
\DeclareRobustCommand\[{ ... }%

\DeclareRobustCommand\]{ ... }

If you do not have any contents, index, a.s.o. you can write the math-
stuff in \chapter, \section, a.s.o without any restriction. Otherwise use
\protect\<macroname>, The whole math expression appears in the default font
shape and not in bold like the other text. Section|1.22.1 on page 40|describes
how the math expressions can be printed also in bold.

There are problems with the hyperref package when there is no text part in \texorpdfstring
a title. It is possible with the command \texorpdfstring to tell hyperref to use
different commands, one for the title and another one for the bookmarks:

[\texorpdfst ring{ <TeX part>}{<hyperref part>} ]

f f(x) dx \usepackage{hyperref}

\texorpdfstring{$\int f(x)\,\mathrm{d}x$}{Integral function}

1.2.4 Equation numbering
It is obvious that the numbering of inline mathstuff makes no sense!

“4For an abbreviation see section|2.5 on page 58] there is a special \dfrac macro.

>robust means that the macro is not expanded before it is moved into for example the table of
contents file (*.toc). No robustness is often a problem, when a macro is part of another macro.

For old versions you have to load package fix1tx2e
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1.2.5 Framed math

With the \fbox macro everything of inline math can be framed, like the following
one:

\fbox{$f(x)=\prod {i=1}"{nF\left(i-\frac{1}{2i}\right)$}
[ =TIL (- 3)
Parameters are the width of \fboxsep and \fboxrule, the predefined values
from the file Tatex.Ttx are:

\fboxsep = 3pt
\fboxrule = .4pt

The same is possible with the \colorbox from the color package.

. \usepackage{xcolor}
£ =TIL (i~ 3)

\colorbox{yellow}{$f(x)=\prod_{i=1}"{n}
\left(i-\frac{1}{2i}\right)$}

1.2.6 Linebreak

IATEX can break an inline formula only when a relation symbol (=, <, >, ...) or

a binary operation symbol (+, —, ...) exists and at least one of these symbols

appears at the outer level of a formula. Thus $a+b+c$ can be broken across lines,

but ${a+b+c}$ not.
> The default: F(X) = anx"+ anax" 1+ anox"?+ .+

aixt+axx®+a1x' +ao

> The same inside a group {..}: f(X) = AnX™ + an_1x" '+ an_ox™ 2 + ...+ ap
> Without any symbol: f(x)=an(an-1 (an-20(..)...).
If it is not possible to have any mathsymbol, then split the inline formula in

two or more pieces ($...$ $...9%). If you do not want a linebreak for the whole

document, you can set in the preamble:

\relpenalty=9999

\binoppenalty=9999

which is the extreme case of grudgingly allowing breaks in extreme cases, or

\relpenalty=10000

\binoppenalty=10000

for absolutely no breaks.

1.2.7 Whitespace

IATEX defines the length \mathsurround with the default value of 0 pt. This length
is added before and after an inlined math expression See Example [01-02-06|for
the default value of \mathsurround and a modified one.

foo \fbox{$ f(x)=\int 1*{\infty}\frac{1}{x*2}\,\mathrm{d}x=1 $} bar \\

foo \rule{20pt}{\ht\strutbox}\fbox{$ f(x)=\int 1*{\infty}\frac{1}{x"2}\,
\mathrm{d}x=1 $}\rule{20pt}{\ht\strutbox} bar \\

o
o

\setlength{\mathsurround}{20pt}%
foo \fbox{$ f(x)=\int 1*{\infty}\frac{1}{x*2}\,\mathrm{d}x=1 $} bar



1.3 Displaymath mode

foo‘f(x):flmﬁdx:l bar
foo -‘ flx) = flw % dx=1 _bar
foo‘ flx) = ffﬁdx: 1 ‘bar

1.2.8 Ap4Smath for the inline mode

None of the A\ Smath-functions are available in inline mode.

1.3 Displaymath mode

This means, that every formula gets its own paragraph (line). There are some
differences in the layout to the one from the title of

1.3.1 equation environment
For example:

" \begin{equation}
1 f(x)=\prod {i=1}"{n}\left(i-\frac{1}{2i}\right)
f(x) = H i— — (1) \end{equation}
i=1 21
The delimiters \begin{equation} ... \end{equation} are the only differ-
ence to the inline version. There are some equivalent commands for the display-
math mode:
1. \begin{displaymath}...\end{displaymath}, same as \[...\] \begin{displaymath}
2. \[..\]. (see above) the short form of a displayed formula, no number VD
\end{displaymath}
u 1
o= 16 2)
L i
i=1
displayed, no number. Same as 1.
3. \begin{equation}.\end{equation} \begin{equation}
n 1 .\.e;nd{equation}
f) =1T] (i — 2—1) (1.1)

displayed, a sequential equation number, which may be reset when starting
a new chapter or section.

(a) There is only one equation number for the whole environment.

(b) In standard IATEX there exists no star-version of the equation envi- \nonumber
ronment because \[ ...\] is the equivalent. However, with package
AprSmath it will be defined. With the tag \nonumber it is possible to
suppress the equation number, if amsmath is used (see Example
03-02 on the Tollowing pagd:
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=< e e <LT‘ —
S

e e

f(x) — [ ] \usepackage{amsmath}

\begin{equation}
f(x)= [...] \nonumber
\end{equation}

1.3.2 egnarray environment
\begin{egnarray} This is by default an array with three columns and as many rows as you like. It

.. is nearly the same as an array with a rc1 column definition.
\end{egnarray}

It is not possible to change the internal behaviour of the egnarray environ-
ment without rewriting the environment. It is always an implicit array with
three columns and the horizontal alignment right-center-Teft (rcl) and small
symbol sizes for the middle column. All this can not be changed by the user
without rewriting the whole environment in Tatex.1tx.

left middle right

j[i _ n

n n \/3{

\begin{eqgnarray*}

\mathrm{left} & \mathrm{middle} & \mathrm{right}\\

\frac{1}{\sqrt{n}}= & \frac{\sqrt{n}}{n}= & \frac{n}{n\sqrt{n}}
\end{egnarrayx}

The egnarray should not be used as an array. Madsen [2006] As seen in the
above example the typesetting is wrong for the middle column and the spacing
of the formula is not the best. The numbering of egnarray environments is
always for every row, means, that four lines get four different equation numbers
(for the labels see section|1.3.4 on page 11):

d (1)
= cx+d (2)
= bx*+cx+d (3)
= ax’ + bx* + cx 44

\

\

begin{egnarray}

& = & d\label{eq:2}\\

& = & ox+d\\
& = & bx™{2}+cx+d\\

& = & ax™{3}+bx~{2}+cx+d\label{eq:5}

end{egnarray}

Suppressing the numbering for all rows is possible with the starred version

of eqnarray.

= d

= c¢x+d

= bx’+cex+d

= ax®+bx*+cex+d

\
y
y
y
y
\

begin{eqgnarray*}

& = & d\label{eq:3}\\ -
6 - & cxsdwy

& = & bx™{2}+cx+d\\
& = & ax™{3}+bx~{2}+cx+d\label{eq:4}
end{eqnarrayx}

Toggling off/on for single rows is possible with the above mentioned
\nonumber tag at the end of a row (before the newline command). For example:

= d

= c¢x+d

= bx'+cex+d

= ax®+bx*+cex Y

\

\

begin{eqgnarray}

y & = & d\nonumber \\

y & = & cx+d\nonumber \\
y & = & bx*{2}+cx+d\nonumber \\

y & = & ax™{3}+bx {2} +cx+d

end{eqnarray}
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Short commands
It is possible to define short commands for the egnarray

\makeatletter

\newcommand\be{\begingroup

% \setlength{\arraycolsep}{2pt}
\egnarray\@ifstar{\nonumber}{}}

\newcommand\ee{\endegnarray\endgroup}

\makeatother

1.3.3 Equation numbering

For all equations which can have one or more equation numbers (for every
line/row) the numbering for the whole equation can be disabled with switching
from the unstarred to the star version. This is still for the whole formula and
doesn’t work for single rows. In this case use the \nonumber tag.
> This doc is written with the article-class, which counts the equations
continuously over all parts/sections. You can change this behaviour in
different ways (see the following subsections).
> In standard IATgX it is a problem with too long equations and the equation
number, which may be printed with the equation one upon the other. In
this case use the A\ Smath package, where the number is set above or
below of a too long equation (see equation|01-08-04 on page 20).

> For counting subequations see section|2.9.1 on page 61

Changing the style

With the beginning of Section [2.1.2 on page 47| the counting changes from
402-01-02f into the new style “02-01-05[". The command sequence is

\renewcommand\theequation{\thepart-\arabic{equation}}

See section[2.9 on page 61]for the .Ap(Smath command.

Resetting a counter style

Removing a given reset is possible with the remresetﬂ Write into the preamble
\makeatletter

\@removefromreset{equation}{section}

\makeatother

or anywhere in the text.

Now the equation counter is no longer reset when a new section starts. You
can see this after section [2.2.4 on page 54

Equation numbers on the left side

Choose package 1eqn(ﬂ or have a look at your document class, if such an option
exists.

7CTAN://macr'os/]atex/contrib/suppor‘ted/caﬂ'is]e/remr'eset.sty
8CTAN://macr'os/1atex/unpacked/'leqno.sty

\nonumber

\theequation

\@removefromreset


CTAN://macros/latex/contrib/supported/carlisle/remreset.sty
CTAN://macros/latex/unpacked/leqno.sty

1
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Changing the equation number style

The number style can be changed with a redefinition of

\def\@egnnum{{\normalfont \normalcolor (\theequation)}}

For example: if you want the numbers not in parentheses write

\makeatletter
\def\@egnnum{{\normalfont \normalcolor \theequation}}
\makeatother

For Az Smath there is another macro, see section[2.9)on page

More than one equation counter

You can have more than the default equation counter. With the following code
you can easily toggle between roman and arabic equation counting. The following
examples show how it works:

\usepackage{amsmath}

\makeatletter

%Roman counter

\newcounter{roem} \renewcommand\theroem{\roman{roem}}

% save the original counter

\newcommand\c@rg@eq{} \let\c@org@eq\c@equation
\newcommand\org@theeq{} \let\org@theeq\theequation

%\setroem sets roman counting
\newcommand\setroem{\let\c@equation\c@roem \let\theequation\theroem}
%\setarab the arabic counting
\newcommand\setarab{\let\c@equation\c@org@eq \let\theequation\org@theeq}
\makeatother

\begin{align}

f(x) & \int\sin x\,\mathrm{d}x\label{eq:arabl}\\ g(x) & \int\frac{1}{x}\,\mathrm{d}x
\end{align}

\setroem

\begin{align}

F(x) &=-\cos x \\  G(x) &\1ln x\label{eq:roml}
\end{align}

%
\setarab

\begin{align}

fA{\prime} (x) &= \sin x\\ g~{\prime} (x) &= \frac{1}{x}\label{eq:arab2}
\end{align}

There can be references to these equations in the usual way, like eq.\ref{eq:arabl},
\ref{eq:arab2} and for the roman one eq.\ref{eq:roml}.
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flx) = / sin x dx (1)
g = [ Lax 2
F(x) = —cosx (i)
G(x)=Inx (ii)
f/(x) = sinx (3)
g = i (4)

There can be references to these equations in the usual way, like eq.1, 4 and for
the roman one eq.ii.

1.3.4 Labels

Every numbered equation can have a label to which a reference is possible.
> There is one restriction for the label names, they cannot include one of
IATEX’s command charactersﬂ
> The label names are replaced by the equation number.
If you do not want a reference to the equation number but to a self defined
name then use the 45 Smath command \tag. . ., which is described in section

1.3.5 Frames

Similiar to the inline mode, displayed equations can also be framed with the
\fbox command, like equation [01-03-08] The only difference is the fact, that the
equation must be packed into a parbox or minipage. It is nearly the same for a col-
ored box, where the \fbox{...} has to be replaced with \colorbox{yellow}{...}.
The package color.sty must be loaded and -important - the calc package or
using the macro \dimexpr to get a correct boxwidth.

\usepackage{amsmath}

® 1
fx)= / 2 de=1 (1) \begin{equation}
X f(x)=\int_1*{\inftyI\dfrac{1}{x"2}\,\mathrm{d}x=1
\end{equation}%
3
If the equation number should not be part of the frame, then it is a bit

complicated. There is one tricky solution, which puts an unnumbered equation
just beside an empty numbered equation. The \hfi11 is only useful for placing
the equation number right aligned, which is not the default. The following
four equations in Example [01-03-09 on the following page|are the same, only
the second one written with the \myMathBox macro which has the border and

98 _AN&%{}

\tag

\fbox{\parbox{\dimexpr\linewidth-2\fboxsep-2\fboxrule}{%

11
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background color as optional arguments with the defaults white for background
and black for the frame. If there is only one optional argument, then it is still
the one for the frame color (Example [01-03-09).

\usepackage{xcolor}
\makeatletter
\def\myMathBox{\@ifnextchar[{\my@MBoxi}{\my@MBoxi[black]}}
\def\my@MBoxi[#1]{\@ifnextchar[{\my@MBoxii[#1]}{\my@MBoxii[#1][white]}}
\def\my@MBoxii[#1] [#2]#3#4{\par\noindent
\fcolorbox{#1}{#2}{%
\parbox{\dimexpr\linewidth-\labelwidth-2\fboxrule-2\fhoxsep}{#3}%
1%
\parbox{\labelwidth}{\begin{egnarray}\label{#4}\end{eqnarray}}\par
}

\makeatother

\begin{equation}\label{eq: frame2} f(x)=x"2 +x \end{equation}
\myMathBox[red]{\[f(x)=x"2 +x\]}{eq:frame3}
\myMathBox [red] [yellow] {\[f(x)=x"2 +x\]}{eq: frame4}

\myMathBox{\[f(x)=x"2 +x\]}{eq:frame5}

A reference to eq.~\ref{eq:frame2}, eq.~\ref{eq:frame3}, eq.~\ref{eq:framed},

and eq.~\ref{eq:frame5}.
ORERE: ®

fx)= X+ x @)
flx)=x*+x 3)
fx)=x*+x )

A reference to eq. 1, eq. 2, eq. 3, and eq. 4.
If you are using the A\ Smath package, then try the solutions from section
Dag 0

1.4 array environment

\begin{array} This is simply the same as the egnarray only with the possibility of variable rows
-._and columns and the fact, that the whole formula has only one equation number
\end{array} and that the array environment can only be part of another math environment,
like the equation or the dispTaymath. With @{} before the first and after the last
column the additional space \arraycolsep is not used, which maybe important

when using left aligned equations.

\begin{equation}
\left.
\begin{array}{@{}re{\quad}ccrr@{}}
\textrm{a}) & y & = & ¢ & (\textit{constant})\\
\textrm{b}) & y & = & cx+d & (\textit{linear})\\
\textrm{c}) & y & = & bx"{2}+cx+d & (\textit{square})\\
\textrm{d}) & y & = & ax™{3}+bx"{2}+cx+d & (\textit{cubic})
\end{array}
\mkern18mu\right\} \textrm{Polynomes}
\end{equation}

12



1.4 array environment

a) y = ¢ (constant)
b) y = cx +d (linear)
o) y bx*+cx+d (square) Polynomes ()

d y = alP+bx*+cx+d (cubic)
The horizontal alignment of the columns is the same as the one from the
tabular environment.
For arrays with delimiters see section

1.4.1 Cases structure

If you do not want to use the .4p4Smath package then write your own cases
structure with the array environment:

\begin{equation}

x=\left\{ \begin{array}{cl}

0 & \textrm{if }A=\ldots\\

1 & \textrm{if }B=\ldots\\

x & \textrm{this runs with as much text as you like, but without an
ragged right text.}\end{array}\right.

\end{equation}
0 ifA=..
x=4 1 ifB=..
x  this runs with as much text as you like, but without an ragged right text.

(1)
It is obvious, that we need a \parbox if the text is longer than the possible
line width.

\usepackage{array}

\begin{equation}
x = \left\{%
\begin{array}{1>{\raggedright}p{.5\textwidth}}%
0 & if $A=\ldots$\tabularnewline
1 & if $B=\1ldots$\tabularnewline
x & \parbox{0.5\columnwidth}{this runs with as much text as you like,
because an automatic linebreak is given with
a ragged right text. Without this
\raggedright command, you’'ll get a formatted
text like the following one \ldots\ but with a parbox \ldots\ it works}

\end{array}%
\right. %
\end{equation}
ifA=..
1 ifB=..
this runs with as much text as you
v like, because an automatic linebreak (1)

is given with a ragged right text.
Without this command, you’ll get a
formatted text like the following one
... but with a parbox ... it works

13
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\arraycolsep

1.4.2 arraycolsep

All the foregoing math environments use the array to typeset the math expres-
sion. The predefined separation between two columns is the length \arraycolsep,
which is set by nearly all document classes to 5 pt, which seems to be too big.
The following equation is typeset with the default value and the second one
with \arraycolsep=1.4pt.

\usepackage{array,mathtools}

\fboxsep=0pt
\def\xstrut{\vphantom{\int\frac{x}{x}}}

\[
\begin{array}{rcl}
\boxed{f(x)\xstrut} & \boxed{\xstrut=} & \boxed{\int\frac{\sin x}{x}\,\mathrm{d}x}
\end{array}
\]
\[
\arraycolsep=1.4pt
\begin{array}{rcl}
\boxed{f(x)\xstrut} & \boxed{\xstrut=} & \boxed{\int\frac{\sin x}{x}\,\mathrm{d}x}
\end{array}
\]
sin x
@) |4 |
X
sin x
) [ s
X

If this modification should be valid for all arrays/equations, then write it into
the preamble, otherwise put it into a group or define your own environment. The
contents of an environment is per definition local to the outside, the reason why
the modification of \arraycolsep doesn’t need an own \begingroup...\endgroup
setting.

f(x) = f % dx \newenvironment{Array}
{\[\setlength{\arraycolsep}{1.4pt}
\begin{array}{rcl}}
{\end{array}\1}

\begin{Array}
f(x) & = & \int\frac{\sin x}{x}\,\mathrm{d}x
\end{Array}

1.5 Matrix

IATEX knows three macros for typesetting a matrix \matrix, \pmatrix and

\matrix \bordermatrix:

\pmatrix
\bordermatrix

14

A4 B C $\matrix{
A&B&C\cr
d e f d&ed&f\cr IIIEHIII
1&2&3\cr
1 2 3 1
$\pmatrix{
A C A&B&C\cr
d e ‘f d&ed&f\cr IH!II!III
1&2&3\cr
1 2 3 }$



1.5 Matrix

$\bordermatrix{%

0 1 2 &0 &1&2\cr

0&A&B&C \cr

0 (A B C 1&d&e & f\cr

1|d e f 2816283 \cr
2 1 2 3 1$

The first two macros are listed here for some historical reason, because the
array or especially the A\ Smath package offers the same or better macros/en-
vironments. Nevertheless it is possible to redefine the \bordermatrix macro to
get other parentheses and a star version which takes the left top part as matrix.
There is now an optional argument for the parenthesis with () as the default
one. To get such a behaviour, write into the preamble:

\makeatletter
\newif\if@borderstar
\def\bordermatrix{\@ifnextchars{%
\@borderstartrue\@bordermatrix@i}{\@borderstarfalse\@ordermatrix@ix}}
\def\@bordermatrix@ix{\@ifnextchar[{\@bordermatrix@ii}{\@bordermatrix@ii[()]1}}
\def\@bordermatrix@ii[#11#2{%
\begingroup
\m@th\@tempdima8.75\p@\setbox\z@\vhox{%
\def\cr{\crcr\noalign{\kern 2\p@\global\let\cr\endline }}%
\ialign {$##$\hfil\kern 2\p@\kern\@tempdima & \thinspace
\hfil $##$\hfil && \quad\hfil $##$\hfil\crcr\omit\strut
\hfil\crcr\noalign{\kern -\baselineskip}#2\crcr\omit
\strut\cr}}%
\setbox\tw@\vbox{\unvcopy\z@\global\setbox\@ne\lastbhox}%
\setbox\tw@\hbox{\unhbox\@ne\unskip\global\setbox\@ne\lastbox}%
\setbox\tw@\hbox{%
$\kern\wd\@ne\kern -\@tempdima\left\@firstoftwo#1%
\if@borderstar\kern2pt\else\kern -\wd\@ne\fi
\global\setbox\@ne\vbox{\box\@ne\if@borderstar\else\kern 2\p@\fi}%
\vcenter{\if@borderstar\else\kern -\ht\@ne\fi
\unvbhox\z@\kern-\if@borderstar2\fi\baselineskip}%
\if@borderstar\kern-2\@tempdima\kern2\p@\else\,\fi\right\@secondoftwo#l $%
F\null \;\vbox{\kern\ht\@ne\box\tw@}%
\endgroup}
\makeatother

$\bordermatrix{%
& 1& 2 \cr
1 & x1 & x2 \cr
2 & x3 & x4 \cr
3&x%5&Xx6 }$
$\bordermatrix[{[1}]{ & 1 & 2 \cr 1 & x1 & x2 \cr 2 & x3 & x4 \cr 3 & x5 & x6}$
$\bordermatrix[\{\}J{ & 1 & 2 \cr 1 & x1 & x2 \cr 2 & x3 & x4 \cr 3 & x5 & x6}$

$\bordermatrix={%
x1 & x2 & 1 \cr
x3 & x4 & 2 \cr
x5 & x6 & 3 \cr
1& 2}
$\bordermatrix=[{[]}]1{x1 & x2

& 1 \cr
$\bordermatrixx[\{\}]1{x1 & x2 & 1 \cr

15
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4

\atop

\shortstack
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1 (x1 x2)1 |x1 x2|1 [x1 x2
2 [x3 x4(2 [x3 x4|21{x3 x4
x5 x6)3 |x5 x6|3 | x5 x6

x1 x2) 1 [x1 x2| 1 x1 x2) 1
x3 x4| 2 | x3 x4f 2 x3 x4¢ 2
x5 x6) 3 | x5 x6] 3 x5 x6J 3

1 2 1 2 1 2
The matrix macro cannot be used together with the .4p4Smath package, it

redefines this environment (see section[2.2.6 on page 57).

1.6 Super/Subscript and limits

Writing dmin and amax gives the same depth for the subscript, but writing
them in upright mode with \mbox gives a different depth: dpin and admax. The
problem is the different height, which can be modified in several ways

> $a_{\mbox{\vphantom{i}max}}$: dmin and Amax;

> $a_{\mathrm{max}}$: Amin and Amax;

> $a_{\max}$: Amin and dmax. Both are predefined operators (see sec-

tion|1.16 on page 35).

1.6.1 Multiple limits
For general information about limits read section|1.2.1 on page 4| With the TgX

command \atop multiple limits for a \sum or \prod are ]jaossible. The syntax is:
b \[ {above \atop below} \
aoove

which is neba‘f‘{g‘fhe same as a fraction without a rule. This can be enhanced to
a\atop b\atop c and so on. For Example|01-06-01|do the following steps:

\begin{equatzon

Z aijbjkcri (1) \sum_{{1\le j\le p\atop {%
e {1\le j\le g\atop 1\le k\le r}}}%
155 Ya_{1j}b_{jk}c_{ki}

ks . . . \end{equation} . .
which is not the best solution because the space between the lines is too
big. The A\ Smath package provides several commands for limits (section[2.11
pn page 63) and the \underset and \overset commands (see Section

bage 70).

1.6.2 Problems

Z m 1) \usepackage{mathtools}% for \boxed
1<isp \begin{equation}
e \fboxsep=0pt\fboxrule=0.1pt

\boxed{\sum {%
{{I\le j\le p\atop {%
{1\le j\le g\atop 1\le k\le r}}}%
%
Hboxed{a {ij}b {jk}c {ki}}
\end{equation}



1.7 Roots

The Example|01-06-03 on the facing page|shows that the horizontal alignment
is not optimal, because the math expression on the right follows at the end of
the limits which are a unit together with the sum symbol. There is an elegant
solution with A\(Smath, described in subsection[2.11.2 on page 64} If you do
not want to use Ap4Smath, then use \makebox. But there is a problem when the
general fontsize is increased, \makebox knows nothing about the actual math
font size. The first equation in Example shows the effect and the
second equation the view without the boxes.

\usepackage{mathtools}% for \boxed

\begin{subequations}
\begin{minipage}{0.45\textwidth}
\begin{equation}
\fboxsep=0pt\fboxrule=0.1pt
\boxed{\sum {%
\makebox[0pt]{$
{{\scriptscriptstyle I\le j\le p\atop {{I\le j\le g\atop 1\le k\le r}}}}%
$}1}%
Hboxed{a {ij}b {jk}c {ki}}
\end{equation}
\end{minipage}\hfill
\begin{minipage}{0.45\textwidth}
\begin{equation}\label{eq:disp-limits3}
\sum {%
\makebox [0pt]{${{\scriptscriptstyle 1\le j\le p\atop {%
{1\le j\le q\atop 1\le k\le r}}}} $}}a {ij}b {jk}c_{ki}
\end{equation}
\end{minipage}
\end{subequations}

ai;DjkCii (1a) Z ajjbjrcy (1b)

1<j<p
1<j<q
1<ksr

1.7 Roots

The square root \sqrt is the default for IAIgX and the n-th root can be inserted

with the optional parameter \sqrt[n]{.}. . \sqrt
$\sqrt{x} \sqrt[3]{x}

\/}\3/}\/;5/5 \sqrt{\frac12} \sqrt[5]{\frac{x}{y}}$
There is a different typesetting in roots. Example has different

heights for the roots, whereas Example has the same one. This is

possible with the \vphantom command, which reserves the vertical space (without \vphantom

a horizontal one) of the parameter height. In short: It is a box with no width

and the normal height.
\begin{equation}

Ja T 2aks T (1) \sqrt{ah\,%

\sqrt{TH,%
\sqrt{2\alpha k {B 1}T"i}
\end{equation}
\begin{equation}
i \sqrt{a\vphantom{k {B_1}T"i}}\,%
\/; \E m (l) \sqrt{T\vphantom{k {B 1}T"i}}\,%
\sqrt{2\alpha k {B 1}T"i}
\end{equation}
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The typesetting looks much better, especially when the formula has different
roots in a row, like Example [01-07-02 on the previous pagel Using .Ap4Smath
with the \smash commanﬂ gives some more possibilities for the typesetting of
roots (see section[2.6 on page 59).

1.8 Brackets, braces and parentheses

This is one of the major problems inside the math mode, because there is often

a need for different brackets, braces and parentheses in different size. At first

we had to admit, that there is a difference between the characters “O[1/\ {} |

\leftx || []1T1¢) tf ¥4 ${$” and their use as an argument of the \Teft and \right

\rightX command, where IATEX stretches the size in a way that everything between the

pair of left and right parentheses is smaller than the parentheses themselves.

In some Caseﬂ it may be useful to choose a fixed height, which is possible

with the \big-series. Instead of writing \TeftX or \rightX one of the following
commands can be chosen:

\big  default 0[1/\{}||| LITTO 10 Lueg
\ox \bigX /\}III (1O

S QUABITINO
wiogx () U IO
o ()| AU IS

Only a few commands can be written in a short form like \big(. The “X” has
to be replaced with one of the following characters or commands from table [L.1]
pn the Tacing pagd, which shows the parentheses character, its code for the use
with one of the “big” commands and an example with the code for that.
\biglX For all commands there exists a left/right version \big1, \bigr, \Bigl and
\bigrX so on, which only makes sense when writing things like:
\[

a \biggl)\times \frac{a}{b} \times\biggr(
i "

\[
\bigg)\times \frac{a}{b} \times\bigg(

10
W1
mum
Y11

X — X \]

IATEX takes the \bigg1) as a mathopen symbol, which has by default another
horizontal spacing.
In addition to the above commands there exist some more: \bigm, \Bigm,
\biggm and \Biggm, which work as the standard ones (without the addtional “m”)
\bigmx but add some more horizontal space between the delimiter and the formula
\bigmX before and after, The difference between the default \bigg and the \biggm
command:

0The \smash command exists also in IATgX but without an optional argument, which makes the
use for roots possible.

gee section|1.8.2 on page 20|for example.
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$\bigg(\displaystyle\frac{1}{3}\bigg|\frac{3}{4}\bigg)$

(

‘) $\bigg(\displaystyle\frac{1}{3}\biggm|\frac{3}{4}\bigg)$

Table 1.1: Use of the different parentheses for the “big” commands.

Char Code Example Code

O 0 3(a+b°")  3\Big( an2+bA{cA2}\Big)

[1 11 3[a% +b¢°|  3\Bigl an2ebA{cA2}\Big]

/\  /backslash 3 /a®+ bcz\ 3\Big/ aA2+bA{cA2}\Big\backsTash

SEEANIY 3{a? + b} 3\Big\{ an2+br{cA2}\Big\}

Il | \Vert 3|a® + b¢||  3\iglanz+batcaz}\Big\vert

| \1floor \rfloor 3[a2 + bCZJ 3\Big\1floor aA2+bA{cA2}
\Big\rfloor

[1  \lceil\rceil 3[a2 + bcz] 3\Big\Tceil aA2+bA{cA2} \Big\rceil

() \langle\rangle 3<a2 + bc2> 3\Big\langle ar2+bA{cA2}\Big\rangle

+f \uparrow BTCLZ + bczﬂ 3\Big\uparrow

\Uparrow

VU \downarrow 31612 + bczﬂ

\Downarrow

1 ¢ \updownarrow 31612 + bczﬁ
\Updownarrow

aA2+bA{cA2}\Big\Uparrow

3\Big\downarrow aA2+bA{cA2}
\Big\Downarrow

3\Big\updownarrow aA2+bA{cA2}
\Big\Updownarrow

1.8.1 \big versus \bigl

Using »l« immediately following \Bigg, \bigg, \Big, and \Big informs TgX that
the subsequent »fence symbol« - (, [, {, etc - is to be given math-class »Math
Open« rather than »Math Ordinary«. The consequences of this difference in the
math class status of the fence symbol (»Open« vs »Ordinary«) are particularly
striking if the first math atom that follows the fence symbol is an arithmetic
operator such as + (plus), - (minus), or \times:

If the fence was assigned class »Math Open, i.e., if \Bigg1, \biggT, etc was
used, TgX will - correctly - not insert a bit of extra space between the fence
symbol and the -/+/\times symbols, resulting in the symbol be typeset as a
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unary operator. Absent the 1 ("ell”) qualifier, the fence is assigned class »Math
Ordinary«, and TgX will incorrectly interpret the -/+/\times symbols as binary
operators (class »MathBin«) and thus also insert a bit more whitespace between
these symbols and the next math atom.

The following examples illustrate the resulting differences in spacing, both
between the opening fence and the arithmetic operators and between the arith-
metic operators and what follows.

\usepackage{amsmath}

\begin{align*}
\Biggl[-2x - 4y\Biggr]& \quad\text{\emph{with} ‘‘1'": }
\begin{array}{1}
\text{\textbullet\ tight spacing after opening fence;}\\
\text{\textbullet\ first ‘‘$-$’’ symbol treated as unary operator}
\end{array}\\
\Bigg[ -2x - 4y\Bigg]& \quad\text{without ‘‘1'’": }
\begin{array}{1}
\text{\textbullet\ loose spacing after opening fence;}\\
\text{\textbullet\ first ‘‘$-$’’ symbol treated as binary operator}
\end{array}\\
\biggl(+3u + 7v\biggr)&\\
\bigg( +3u + 7v\bigg) &\\
\Bigl\vert \div 2x \times 4y\Bigr\vert &\\
\Big\vert \div 2x \times 4y\Big\vert &\\
\bigl\{ \times 3u \div 7v\bigr\} &\
\big\{ \times 3u \div 7v\big\} &
\end{alignx}

Cox—4 with tight spacing after opening fence;
Y "« first “—” symbol treated as unary operator

« loose spacing after opening fence;

9y —4 ithout “1”: « » ;
x —4y| without « first “—” symbol treated as binary operator

<+3u+7v>
( +3u+ 7v>

‘+2x X 4y‘

‘ +2x X 4y‘

{><3u = 7v}

{ x3u + 7v}
See also https://tex.stackexchange.com/questions/19480/why-use-the-c

ontrol-sequences-bigl-biggl-bigr-or-biggr-as-1-can-always-us/144439#1
44439

1.8.2 Examples
Braces over several lines
The following equation in the single line mode looks like
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1.8 Brackets, braces ...

\begin{equation}

\frac{1}{2}\Delta(f {ij}f~{ij})=2\left(\sum_{i<j}\chi_{ij}
(\sigma {i}-\sigma {j})"~{2}+f~{ij}\nabla {j}\nabla {i}(\Delta f)
+\nabla {k}f {ij}\nabla”{k}f {ij}+f~{ij}f*{k}[2\nabla {i}R {jk}
-\nabla_{k}R {ij}]\right)

\end{equation}

%A(fijfij) =2 (Z Xii(0i = 0 + fIVV(AS) + Vi fyVE 7+ [ FH[2ViR — kaij])

i<j
1
and is too long for the text width and the equation number has to be placed
under the equationEl With the array environment the formula can be split in
two smaller pieces:

\arraycolsep=1.4pt

\begin{equation}

\begin{array}{rcl}
\frac{1}{2}\Delta(f {ij}f"{ij}) & = & 2\left({\displaystyle
\sum_{i<j}}\chi {ij}(\sigma {i}-\sigma {j})~{2}+f~{ij}%
\nabla_{j}\nabla_{i}(\Delta f)+\right.\\

& & \left.+\nabla_{k}f _{ij}\nabla~{k}f {ij}+f {ij}f {k}[2
\nabla {i}R {jk}-\nabla {k}R {ij}]\right)

\end{array}

\end{equation}

SAif7) =2 (Z)(ij(o'i — ;)" + fIV V(A f)+ (1)

Vi fi VR fIU + I FR[2V;Rj — ViR;;])

It is obvious that there is a problem with the right closing parentheses.

Because of the two pairs “\left( ... \right.” and “\Teft. ... \right)” they
have a different size because every pair does it in its own way. Using the \Bigg
command changes this into a better typesetting:

\arraycolsep=1.4pt

\begin{equation}

\begin{array}{rcl}
\frac{1}{2}\Delta(f {ij}f~{ij}) & = & 2\Bigg({\displaystyle
\sum {i<j}}\chi {ij}(\sigma {i}-\sigma {j})~{2}+f"{ij}%
\nabla {j}\nabla {i}(\Delta f)+\\

& & +\nabla_{k}f_{ij}\nabla*{k}f {ij}+f {ij}f {k}[2
\nabla {i}R {jk}-\nabla {k}R {ij}]\Bigg)

\end{array}

\end{equation}

A f9) = 2<Z)(ij(0i — ;)" + fIV V(A f)+
! (1)
FVi i VEfU 4+ fUFR[2VR i — ka,-j]>

Section|2.2.3 on page 52[shows another solution for getting the right size
for parentheses when breaking the equation in smaller pieces.

\usepackage{amsmath}

121n standard IATEX the equation and the number are printed one over the other for too long
formulas. Only AA(Smath puts it one line over (left numbers) or under (right numbers) the formula.
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\begin{align*}
B(r,\phi,\lambda) = & \,\dfrac{\mu}{r}
\Bigg[\sum_{n=2}"{\infty} \Bigg( \left( \dfrac{R e}{r} \right)”n J_nP_n(s\phi) \\
& +\sum_{m=1}"n \left( \dfrac{R e}{r} \right) "n
(C_{nm}\cos m\lambda+S {nm}\sin m\lambda)P_{nm}(s\phi) \Bigg)\Bigg]

\end{align«}
0 Re n . .
B(r,¢,A) = ‘ E ( <r ) JuPu(s¢) 01-08-07

r n=2

+ zn:l (fie) ' (Cpym cosmA + S, sin m/l)an(sqS))}

Middle bar
See section [4.1.6 on page 90| for examples and the use of package braket.

1.8.3 New delimiters

The default delimiters are defined in the file fontmath.1tx which is stored in
general in [TEXMF]/tex/latex/base/fontmath.1tx. If we need for example a
thicker vertical symbol than the existing \vert symbol we can define in the
preamble and the character number 3E1g (decimal 62) from the cmex10 font is
the small thick vertical rule. Now the new delimiter \Norm can be used in the
usual way:

\usepackage{amsmath}% for \dfrac
\DeclareMathDelimiter{\Norm}{\mathord}{largesymbols}{"3E}{largesymbols}{"3E}

$\left\Norm *BLAx \right\Norm$ \qquad $\left\Norm \dfrac{*BLAx}{*BLUB*} \right\Norm$

«BLAx S DLA*

* BLUB *

1.8.4 Problems with parentheses

It is obvious that the following equation has not the right size of the parenthesis

\delimitershortfallin the second integral, the inner one should be a bit smaller than the outer one.
\delimiterfactor \[

B \int \gamma F’(z) dz =\int_\alpha™\beta
F'(2)dz =/ F'(y(0))-y'()dt  F\left(\gamma (t)\right)\cdot\gamna ' (t)dt 01-08-09
o \1
The problem is that TgX controlls the height of the parenthesis with

\deTimitershortfall and \delimiterfactor, with the default values

\delimitershortfall=5pt
\delimiterfactor=901

14

\delimiterfactor/1000 is the relative size of the parenthesis for a given
formula environment. They could be of \delimitershortfall too short. These
values are valid at the end of the formula, the best way is to set them straight

before the math environment or globally for all in the preamble.
\delimitershortfall=-1pt

5 \[
/F/(Z>dz = / F (Y(t))’}’/(t)dt \int \gamma F’(z) dz =\int \alpha”\beta
y a

F'\left(\gamma (t)\right)\cdot\gamma ’(t)dt
\]
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1.9 Text in math mode

Standard text in math mode should be written in upright shape and not in the
italic one. This shape is reserved for the variable names: | I am text inside math.

(see also Table 1.3 on page 26). There are different ways to write text inside
math.

\lexhsmyle

> \mathrm. It is like math mode (no spaces), but in upright mode \mbox
> \textrm. Upright mode with printed spaces (real textmode)
> \mbox. The font size is still the one from \textstyle (see section [[.12 on]

lpage 30), so that you have to place additional commands when you use

\mbox in a super- or subscript for limits.
Inserting long text is possible with a \parbox, which can be aligned as usual

to the top, bottom or center, e. g.

\[\begin{array}{rcl}
atb+c+d+ef & = & g+h+i+j+k \qquad
\parbox[t]{.25\linewidth}{this is a very long description of a formula}

\end{array\]
at+b+c+d+ef = g+h+i+j+k this is a very long
description of a for-
mula

Additional commands for text inside math are provided by A\ Smath (see

section[2.13 on page 66).

1.10 Font commands

1.10.1 Old-style font commands

Should never be used, but are still present and supported by IATgX. The default
syntax for the old commands is

{\XX test}

Example[01-10-01] shows what has to be replaced for the XX. The major difference
to the new style is that these \XX are toggling the actual math mode into the
“XX” one, whereas the new commands start which, at its end, switches back to
the previous mode.

\def\cs#1{{\ttfamily\textbackslash#1}}

\cs{bf} ${\bf {\bf test}}$ | \cs{cal} ${\cal TEST}$ | \cs{it} ${\it test}$
\cs{rm} ${\rm test}$ | \cs{tt} ${\tt test}$

\bf test | \cal TEST | \it test \rmtest|\tt test

1.10.2 New-style font commands

The default syntax is \mathrm
\mathfrak
\mathcal
\mathsf
\mathbb
\mathtt
prpthit
\mathbf

\mathXX{test}
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Example shows what has to be replaced for the XX. See section
for additional packages. \mathcal and \mathbb are for standard
IATEX not available for lower letters. For mathcal exists a non free font for lower
letters (http://www.pctex.com). Macro \mathds needs package dsfont and macro
\mathfrac needs package amsfonts.

\usepackage{tabularx, ragged2e}
\usepackage{amsfonts,dsfont}% for \mathds
\def\cs#1{{\ttfamily\textbackslash#1}}

\begin{tabularx}{\linewidth}{@{} 1 >{\RaggedRight}X @{}}
default & $ABCDEFGHIJKLMNOPQRSTUVWXYZ$ $abcdefghijklmnopgrstuvwxyz$\\
\cs{mathfrak} & $\mathfrak{ABCDEFGHIJKLMNOPQRSTUVWXYZ}$ $\mathfrak{{abcdefghijklmnopgrstuvwxyz}}$\\
\cs{mathcal} & $\mathcal{ABCDEFGHIJKLMNOPQRSTUVWXYZ}$\\
\cs{mathsf} & $\mathsf{ABCDEFGHIJKLMNOPQRSTUVWXYZ}$ $\mathsf{abcdefghijklmnopgrstuvwxyz}$\\
\cs{mathbb} & $\mathbb{ABCDEFGHIIKLMNOPQRSTUVHXYZ}$\\
\cs{mathtt} & $\mathtt{ABCDEFGHIJKLMNOPQRSTUVWXYZ}$\newline
$\mathtt{abcdefghijklmnopgrstuvwxyz}$\\
\cs{mathit} & $\mathit{ABCDEFGHIJKLMNOPQRSTUVWXYZ}$ $\mathit{abcdefghijklmnopgrstuvwxyz}$\\
\cs{mathrm} & $\mathrm{ABCDEFGHIJKLMNOPQRSTUVWXYZ}$ $\mathrm{abcdefghijklmnopgrstuvwxyz}$\\
\cs{mathbf} & $\mathbf{ABCDEFGHIJKLMNOPQRSTUVWXYZ}$ $\mathbf{abcdefghijklmnopqrstuvwxyz}$\\
\cs{mathds} & $\mathds{ABCDEFGHIJKLMNOPQRSTUVWXYZ}$
\end{tabularx}
default ABCDEFGHIJKLMNOPQRSTUVWXYZ
01-10-02
abcdef ghijklmnopqrstuvwxyz
\mathfrak ABEDEFENTIRALMNOPOARSTUVWXY 3
abedefghijelmnopqrstuvtory;
\mathcal ABCDEFCHIJKLMN OPQRSTUVYWXYZ
\mathsf ABCDEFGHIJKLMNOPQRSTUVWXYZ
abcdefghijklmnopqgrstuvwxyz
\mathbb ABCDEFGHIJKLMINOPQRSTUVWXYZ
\mathtt ABCDEFGHI JKLMNOPQRSTUVWXYZ
abcdefghi jklmnopgrstuvwxyz
\mathit ABCDEFGHIJKLMNOPQRSTUVWXYZ
abcdef ghijklmnopqrstuvwxyz
\mathrm ABCDEFGHIJKLMNOPQRSTUVWXYZ
abcdefghijklmnopqrstuvwxyz
\mathbf ABCDEFGHIJKLMNOPQRSTUVWXYZ
abcdefghijklmnopqrstuvwxyz

\mathds ABCDEFGHIJKLMINOPQRSTUVWXYZ

1.11 Space

1.11.1 Math typesetting

\thinmuskip IATEX defines the three math lengthﬂ with the following Valueﬂ
\medmuskip

\thickmuskip \thinmuskip=3mu

\medmuskip=4mu plus 2mu minus 4mu
\thickmuskip=5mu plus 5mu

BFor more information see: http://www.tug.org/utilities/plain/cseq.html
Hgee file fontmath.1tx
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1.11 Space

where mu is the abbreviation for math unit.

Imu = Lem
18

default f(x) = x%+3x0 - sinx

\thinmuski p=0mu f(x) = x2 + 3x( - sinx

\medmuskip=0mu f(x) = x2+3x0-sin x

\thickmuskip=0mu f(x):x2 + 3x¢ - sinx

all set to zero f(x) =x243x(-sinx

These lengths can have all glue and are used for the horizontal spacing in
math expressions where TgX puts spaces between symbols and operators. The
meaning of these different horizontal skips is shown in table For a better
typesetting IATgX inserts different spaces between the symbols.

\thinmuskip space between ordinary and operator atoms

\medmuskip space between ordinary and binary atoms in display and text styles

\thickmuskip space between ordinary and relation atoms in display and text
styles

1.11.2 Additional horizontal spacing

IATEX defines the following short commands:

\def\>{\mskip\medmuskip}
\def\; {\mskip\thickmuskip}
\def\!{\mskip-\thinmuskip}

In math mode there is often a need for additional tiny spaces between variables,

di di di
e.g. LE written with a tiny space between L and ar looks nicer: L a Table

shows a list of all commands for horizontal space which can be used in mat

mode. The “space” is seen “between” the boxed a and b. For all examples a
is \boxed{a} and b is \boxed{b}. The short forms for some spaces may cause
problems with other packages. In this case use the long form of the commands.

1.11.3 Problems

Using \hphantom in mathmode depends to on object. \hphantom reserves only
the space of the exact width without any additional space. In the following
example the second line is wrong: & \hphantom{\rightarrow} b\\. It does not
reserve any additional space.

Table 1.2: The meaning of the math spaces.

\thinspace
\medspace
\thickspace
\negthinspace
\negmedspace
\negthickspace

\hspace
\hphantom
\kern
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Positive space ‘Negative space

Table 1.3: Spaces in math mode

$ab$ al|b
$a b$ al|b
$a\ b$ [a][b]
$a\mbox{\textv1sib]espace}b${::]u[:]
§a\,b$ (Sa\thinspace b$)  [a]b] [sa\! bs [a|b]
$a\: b$ ($a\medspace b$) $a\negmedspace b$ mim
$a\; b$ ($a\thickspace b$ $a\negthickspace b$
$a\quad b$
$a\gquad b$
$a\hspace{0.5cm}b$
$a\kern0.5cm b$
$a\hphantom{xx}b$
$axxb$

B
=]

$a\hspace{-0.5cm}b$
$a\kern-0.5cm b$

@@@@@

®
bat

=[]

=[5l [=][=][=][=][s]

a—b \usepackage{amsmath} -
-01-11-01

b \begin{alignx}
a & \rightarrow b\\
& \hphantom{\rightarrow} b\\
& \mkern\thickmuskip\hphantom{\rightarrow}\mkern\thickmuskip b\\
& \mathrel{\hphantom{\rightarrow}} b
\end{alignx}

This only works when the math symbol is of type mathrel, otherwise you
have to change the horizontal space to \medmuskip or \thinmuskip or to use
an empty group after the \hphantom command. For more informations about
the math objects look into the I£TEX base math file fontmath.1tx or package
amssymb or use the \show macro, which prints out the type of the mathsymbol,
e.g. \show\rightarrow with the output in the log file:

> \rightarrow=\mathchar”3221.
1.20 \show\rightarrow

The first digit represents the type:
0 : ordinary

: large operator

: binary operation

: relation

: opening

: closing

: punctuation

: variable family

NO Ul e W N =
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Grouping a math symbol can change the behaviour in horizontal spac-
ing. Compare 50 X 10'? and 50X10'2, the first one is typeset with
$50\times10A{12}$ and the second one with $50{\times}10A{12}$. Another
possibilty is to use the numprint package

1.11.4 Dot versus comma

In difference to a decimal point and a comma as a marker of thousands a lot \mathpunct
of countries prefer it vice versa. To get the same behaviour the meaning of dot \mathord
and comma has to be changed:

1,234,567.89 default (1) \usepackage{amsmath}% for align
1.234.567,89 vice versa, wrong spacing  \begin{align}
(2) 1,234,567.89 & \text{ default}\\
1.234.567,89 & \text{ vice versa, wrong spacing}\\
1.234.567,89 correct spacing (3) 1\mathpunct{.}234\mathpunct{.}567{,}89

& \text{ correct spacing}
\end{align}

The original definitions from file fontmath.1 tﬂ are

\DeclareMathSymbol1{,}{\mathpunct}{letters}{”3B}
\DeclareMathSymboT1{.}{\mathord}{letters}{”3A}

\mathord and \mathpunct can be changed for a documentwide other behaviour.
In the above equation of Example the comma is only set in a pair of
braces {,}, which is the same as writing \mathord{,} because I£IgX handles
everything inside of parenthises as a formula, which gets the same spacing.

It is also possible to use the package 1'comma‘2] for a documentwide correct
spacing.

1.11.5 Vertical whitespace

Before/after math expressions

There are four predefined lengths, which control the vertical whitespace of
displayed formulas:

\abovedisplayskip=12pt plus 3pt minus 9pt

\abovedisplayshortskip=0pt plus 3pt

\belowdispTlayskip=12pt plus 3pt minus 9pt

\belowdisplayshortskip=7pt plus 3pt minus 4pt

The short skips are used if the formula starts behind the end of the foregoing
last line. Only for demonstration the shortskips are set to 0 pt in the following
examples and the normal skips to 20 pt without any glue:

\usepackage{amsmath}% for align

15CTAN: //macros/Tatex/contrib/numprint/
1f_SLocalted in texmf/tex/latex/base/
CTAN: //macros/latex/contrib/was/
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flegn class option

\jot

28

\noindent\fbox{\begin{minipage}{\dimexpr\linewidth-2\fboxsep-2\fhoxrule}

\abovedisplayshortskip=0pt \belowdisplayshortskip=0pt

\abovedisplayskip=20pt \belowdisplayskip=20pt
\noindent The line ends before.

\begin{equation}

f(x) = \int\frac{\sin x}{x}\,\mathrm{d}x
\end{equation}

\noindent The line doesn’t end before the formula.
\begin{equation}

f(x) = \int\frac{\sin x}{x}\,\mathrm{d}x
\end{equation}

\noindent And the next line starts as usual with some text ...

\end{minipage}}

The line ends before.

fx/=—"—"

sinx

sinx

X

fx/=""—dx
The line doesn’t end before the formula.

dx

And the next line starts as usual with some text ...

When using the fleqgn class option for left aligned equations the math en-
vironments equation and \[...\] are typeset as a list. This is the reason why
the vertical space is defined by the length registers for a list, especially \topsep,
instead of \abovedisplayskip and \belowdisplayskip. This doesn’t effect the

environment egnarray.

Inside math expressions

\\[<length>] This works inside the math mode in the same way as in the text

mode.

\jot The vertical space between the lines for all math expressions which allow

multiple lines can be changed with the length \jot, which is predefined as

\newdimen\jot \jot=3pt

The following three formulas show this for the default value, \setTength\jot{Opt}

and for a modified one \setlength\jot{10pt}. The horinzontal is only for some
demonstartion and makes it easier to see the differences.

\usepackage{amsmath}% for align

\begin{minipage}[t]{0.3\linewidth}
\begin{alignx*}

y &= d\\

y & c\frac{1}{x}+d\\

y & b\frac{1}{x"{2}%

\rlap{\hspace{-1cm}\rule{10cm}{0.4pt}}}+cx+d\\% \rlap only demo

\end{alignx}

\end{minipage}\hfill
\begin{minipage}[t]{0.3\1linewidth}
\setlength\jot{Opt}

\begin{align*}
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y & d\\ y & c\frac{1}{x}+d\\ y & b\frac{1}{x"{2}}+cx+d\\
\end{alignx}
\end{minipage}\hfill
\begin{minipage}[t]{0.3\linewidth}
\setlength\jot{10pt}
\begin{align*}
y & d\\ y & c\frac{1Hx}+d\\ y & b\frac{1}{x"{2}}+cx+d\\
\end{alignx}
\end{minipage}

y=d y=4 y=d
1

. y=c—+d

y Cx+d X y:c%+d

1
1 =bh—
y:bp+cx+d % bx2+cx+d

1
=b— +cx+d
v 2
Defining a new environment with a parameter makes things easier, because
changes to the length are locally.

\newenvironment{mathspace}[1]
{\setlength{\jot}{#1}%
\1ignorespaces}
{\ignorespacesafterend}

\arraystretch The vertical space between the lines for all math expressions \arraystretch
which contain an array environment can be changed with the command
\arraystretch, which is predefined as

\renewcommand\arraystretch{1}

Renewing this definition is global to all following math expressions, so it
should be used in the same way as \jot.

\vskip Another spacing for single lines is possible with the \vskip macro,
but only together with the \noalign command. It does work only with the
environment pmatrix from Ap4Smath and not the standard \pmatrix macro
from IATRX base.

\usepackage{amsmath}

\begin{minipage}[t]{0.45\1inewidth}
\[ \begin{pmatrix}
0&16&16&0&0&1\\
1&§0&0&1&1&0\\
\relax\rlap{\rule{10cm}{0.2pt}}% only for demonstration
0&1&1&0 & \dfrac{1}{\sqrt{2}} & 1\\
18&§0&1&0&16&0\\
0&1&06&16&06&1
\end{pmatrix} \]
\end{minipage}
\begin{minipage}[t]{0.45\1inewidth}
\[ \begin{pmatrix}
0&1&16&0&0&1\\
18&0&0&1&16&0\\
\noalign{\vskip3pt}
0&1&1&0 &\dfrac{1}{\sqrt{2}} & 1\\
\noalign{\vskip3pt}
1 1&0\\
0
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\end{pmatrix} \]

\end{minipage}
0110 0 1 11 0 1
1 0 0 1 1 1 0 0 1 1 0
1
01 .10 E 1 01T 10 i 1
10 1 0 1 O V2
0101 0 1 Lo 1o
01 0 1 0 1

Package setspace To have all formulas with another vertical spacing, one can
choose the package setspace and redefining some of the math macros, e. g.

a= b \usepackage{setspace}
\newcommand+\Array[2][1]{\setstretch{#1}\array{#2}}
- \let\endArray\endarray
4= \[ \begin{Array}[2]{cc}
a=&b\\a=&b\\a=&b
a= b \end{Array} \]
%
_ text
a= b $\begin{Array}{cc}
text a= b text a=6 b\ a=kb\azkb
a= b \end{Array}$ text
1.12 Styles
Table 1.4: Math styles
Mode ‘ Inline Displayed
_ T 1
default ft)=5-1] Sm%dt T )
t) = 7[ dt
S 27T sin%
T 1
\displaystyle t)Z—J
playsty f 21T sin% £ T J 1 dt
C2m sin%
\scriptstyle f)=g0 [ Lo dt
' FO=g f Gt
\scriptscriptstyle | (=55 | toat
! Fo=g | Gt
_ T 1
\textstyle ft) =571 Sm%dt o X
f(t) - Efsin%dt
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1.13 Dots

This depends on the environment in which they are used. An inline formula \textstyle
has a default math fontsize called \textstyle, which is smaller than the one \displaystyle
for a display formula (see section [I.3), which is called \displaystyle. Beside \scriptstyle
this predefinition there are two other special fontstyles for math, \scriptstyle \scripscriptstyle
and \scriptscriptstyle. They are called “style” in difference to “size”, because
they have a dynamic character, their real fontsize belongs to the environment
in which they are used. A fraction for example is by default in scriptstyle when

a
it is in an inline formula like this %, which can be changed to E This may be

in some cases useful but it looks in general ugly because the line spacing is too
big. These four styles are predefined and together in a logical relationship.
It is no problem to use the other size macros like \large, \Large,... out-

side the math environment. For example a fraction written with \Huge: b

(\Huge$\frac{a}{b}$). This may cause some problems when you want to write
a displayed formula in another fontsize, because it also affects the interline
spacing of the preceding part of the paragraph. If you end the paragraph, you
get problems with spacing and page breaking above the equations. So it is better
to declare the font size and then restore the baselines:

\makeatletter

\newenvironment{smallequation}[1]
{\skip@=\baselineskip#1\baselineskip=\skip@\equation}
{\endequation \ignorespacesafterend}

\makeatother

Normal size
\begin{smallequation}{\tiny} \int 17°2\,\frac{1}{x"2}\,\mathrm{d}x=0.5 \end{smallequation}

mal si
01-12-01 Normal size )
/lzdz:u.s It
1 X

If you use this the other way round for huge fontsizes, don’t forget to load
package exscale (see sectionf4.1.14 on page 94). Also see this section for diffent
symbol sizes.

1.13 Dots

In addition to the above decorations there are some more different dots which \cdots
are single commands and not by default over/under a letter. It is not easy to \dots
see the differences between some of them. Dots from lower left to upper right \dotsb

are possible with \reflectbox{$\ddots$} .-’ \dotsc
\dotsi

Table 1.5: Dots in math mode \dotsm

\dotso

\cdots - \ddots . \dotsb - \dotsc ... \dotsi \lgots
\dotsm -+ \dotso ... \ldots ... \vdots : \vdots
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1.14 Accents

The letter “a” is only for demonstration. The table shows all in standard
IATEX available accents and also the ones placed under a character. With package
amssymb it is easy to define new accents. For more information see section
or other possibilities at section[4.1.1 on page 88

Table 1.6: Accents in math mode

\acute a4 \bar a \breve a

\bar a \breve a
\check a \dddot d \ddot d
\dot A \grave d \hat a
\mathring a \overbrace a | \overleftarrow &
\overleftrightarrow & \overline @ | \overrightarrow
\tilde a \underbar a \underbrace cl
\underleftarrow @ | \underleftrightarrow a \underline a
\underrightarrow @ \vec d \widehat a

\widetilde d

32

The letters j and j can be substituted with the macros \imath and \jmath
when an accents is placed over these letters and the dot should disappear: 7 j
($\vec{\imath}\ \dddot{\jmath}S$).

Accents can be used in different ways, e. g. strike a single character with a
horizontal line like $\mathaccent‘-A$: A or $\mathaccent\mathcode‘-A$: A. In
section[.1.7 on page 91]is a better solution for more than one character.

1.14.1 Over- and underbrackets

There are no \underbracket and \overbracket commands in the list of accents.
They can be defined in the preamble with the following codeEl

\makeatletter
\def\underbracket{%
\@ifnextchar[{\@underbracket}{\@underbracket [\@bracketheight]}}
\def\@underbracket [#1]{%
\@ifnextchar[{\@under@bracket [#1]}{\@under@bracket[#1][0.4em]}}
\def\@under@bracket [#1] [#2]#3{%\message {Underbracket: #1,#2,#3}
\mathop{\vtop{\m@th \ialign {##\crcr $\hfil \displaystyle {#3}\hfil $%
\crcr \noalign {\kern 3\p@ \nointerlineskip }\upbracketfill {#1}{#2}
\crcr \noalign {\kern 3\p@ }}}}\limits}
\def\upbracketfill#1#2{$\m@th \setbox \z@ \hbox {$\braceld$}
\edef\@bracketheight{\the\ht\z@}\bracketend{#1}{#2}
\leaders \vrule \@height #1 \@depth \z@ \hfill
\leaders \vrule \@height #1 \@depth \z@ \hfill \bracketend{#1}{#2}$}
\def\bracketend#1#2{\vrule height #2 width #1\relax}
\makeatother

\begin{enumerate}
\item \verb/\underbrace{...}/ is an often used command:
\[ \begin{array}{rcl}

8The package mathtools has this code included.
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\underbrace{{x"{2}+2x+1}} & = & f(x)\\
\left (x+1\right)~{2}\,\,\,\nonumber
\end{array} \]
\item Sometimes an under\emph{bracket} is needed, which can be used in
more ways than \verb/\underbrace{...}/. An example for \verb/\underbracket{...}/:
\[ \begin{array}{rcl}

\textrm{Hate Science }& \underbracket[0.5pt]{1\rightarrow2\rightarrow3\rightarrow4}
\underbracket[0.75pt][0.75em]{\rightarrow5\rightarrow6\rightarrow7}
\underbracket[1pt][lem]{\rightarrow8\rightarrow9\rightarrowl@} & \textrm{Love Science}\\

& \textrm{low}\hspace{1l.5cm}\textrm{medium}\hspace{1.5cm}\textrm{high}
\end{array} \]
\end{enumerate}

1. \underbrace{. ..} is an often used command:

X’ +2x+1 = fux/
(x+1/2

2. Sometimes an underbracket is needed, which can be used in more
ways than \underbrace{...}. Anexample for \underbracket{...}:

Hate Science [0.5pt]1 £2E 3£ 4[0.75pt][0.75em]|E5E 6 E7[1pt][lem]EB8EIE 10

low medium high

Use of \underbracket{...}

The \underbracket{...} command has two optional parameters:

> the line thickness in any valid latex unit, e.g. 1pt

> the height of the edge brackets, e.g. lem
using without any parameters gives the same values for thickness and height as
predefined for the \underbrace command.

1. foo bar % has the underbracket stuff in hidden part
2. [2pt]foo bar \begin{tabular}{cl}
1.& $\underbracket{foo~bar}$ \\
3. [2pt][lem]foo bar 2.& $\underbracket[2pt]{foo~bar}$ \\
3.& $\underbracket[2pt][lem] {foo~bar}$
\end{tabular}
Overbracket

In addition to the underbracket an overbracket is also useful, which can be used
in more ways than \overbrace{ }H For example:

\makeatletter
\def\@bracketheight{2pt}
\def\bracketend#1#2{\vrule height #2 width #1l\relax}
\def\overbracket{\@ifnextchar[{\@overbracket}{\@overbracket[\@bracketheight]}}
\def\@overbracket [#1]{\@ifnextchar[{\@over@bracket[#1]}{\@over@bracket[#1][0.3em]}}
\def\@over@bracket [#1] [#2]#3{%\message {Overbracket: #1,#2,#3}
\mathop {\vbox {\m@th \ialign {##\crcr \noalign {\kern 3\p@
\nointerlineskip }\downbracketfill {#1}{#2}
\crcr \noalign {\kern 3\p@ }
\crcr $\hfil \displaystyle {#3}\hfil $%
\crer} H\limits}
\def\downbracketfill#1#2{$\m@th \setbox \z@ \hbox {$\braceld$}

9The package mathtools has this code included.
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\edef\@bracketheight{\the\ht\z@}\downbracketend{#1}{#2}

\leaders \vrule \@height #1 \@depth \z@ \hfill

\leaders \vrule \@height #1 \@depth \z@ \hfill
\downbracketend{#1}{#2}$}
\def\downbracketend#1#2{\vrule depth #2 width #1\relax}
\makeatother

$\begin{array}{rcl}

\textrm{Hate Science }& \overbracket[0.5pt]{1\rightarrow2\rightarrow3\rightarrow4}
\overbracket[0.75pt][0.75em]{\rightarrowS\rightarrow6\rightarrow7}
\overbracket[1pt][lem]{\rightarrow8\rightarrow9\rightarrowl0} & \textrm{Love Science}\\

& \textrm{low}\hspace{1.5cm}\textrm{medium}\hspace{1.5cm}\textrm{high}\nonumber

\end{array}$
Hate Science [0.5pt]1 £2E 3 E 4[0.75pt][0.75em]E5E 6 E7[1pt][lem]E8EIE lcier

low medium high
The \overbracket{ ...} command has two optional parameters:
> the line thickness in any valid latex unit, e.g. 1pt
> the height of the edge brackets, e.g. lem
using without any parameters gives the same values for thickness and height as
predefined for the \overbrace command.

% has the underbracket stuff in hidden part
1. fOO bar p

2. [2pt]f00 bar \begin{tabular}{cl}
1.& $\overbracket {foo\ bar}$ \\

3. [2pt][lem]foo bar 2.& $\overbracket[2pt]{foo\ bar}$\\
3.& $\overbracket[2pt][1lem]{foo\ bar}$
\end{tabular}

1.14.2 Vectors

Especially for vectors there is the package esvecﬂ package, which looks better
than the \overrightarrow, e.g.

Table 1.7: Vectors with package esvect (in the  \vv... ‘ \overrightarrow{...}
right column the default one from IATEX) a a
abc abc
— -
1 15
— —
Ay Ax

Look into the documentation for more details about the package esvect.

1.15 Exponents and indices

The two active characters _ and A can only be used in math mode. The following
character will be printed as an index ($y=a_1x+a_0%: v = a1X + ag) or as an
exponent ($xA2+yA2=rA2$: x2 + y2 = rz). For more than the next character
put it inside of {}, like $a_{i-1}+a_{i+1}<a_i$: a;j—1 + ai+1 < a;.

Especially for multiple exponents there are several possibilities. For example:

20CTAN :macros/latex/contrib/esvect/
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1.16 Operators

. \begin{equation}

3 4 3 ((x*2)"3)"4 = {({(x"2)}"3)}"4 =

X234 = X2 :((xz) ) (1) {\left ({\left (x"2\right) }*3\right) }*4
\end{equation}

For variables with both exponent and 1nd1ce 1ndex the order is not important,
$a_1A2$ is exactly the same than $aA2_1: ‘11 = al By default all exponents
and indices are set as italic characters. It is possible to change this behaviour to

get upright characters. The following example shows this for the indices.
$A_{abc_{xyz}123def}~{abcl23def}aa$

AubchSdef
abcxyzl23def \makeatletter

abcl23def \catcode’\ \active
abcxyzlz3def \def #1{\sb{\operator@font#1}}
\makeatother

$A {abc_{xyz}123def}*{abc123def}aas

1.16 Operators

They are written in upright font shape and are placed with some additional
space before and after for a better typesetting. With the .4\ Smath package it
is possible to define one’s own operators (see section|2.12 on page 66). Table
and (1.9 on the following page|show a list of the predefined ones for standard

IATEX.
\coprod [I \bigvee \/ \bigwedge ,\ rable 1.8: The predefined operators of
\bigupTus ) \bigcap N \bigcup U fontmath. Ttx.

\intop [ \int [ \prod 1
\sum > \bigotimes & \bigoplus P
\bigodot (9 \ointop $  \oint $
\bigsqcup || \smallint [

The difference between \intop and \int is that the first one has by default
over/under limits and the second subscript/superscript limits. Both can be
changed with the \Timits or \nolimits command. The same behaviour happens
to the \ointop and \oint Symbols.

For more predefined operator names see table[4.1.3 on page 89 It is easy
to define a new operator with the macro \mathop. Then you can use any macro
(e.g. \foo) in the usual way:

011601 | foo? = x2 \makeatletter
01-16-01 1 \newcommand\ foo{\mathop{\operator@font foo}\nolimits}
\makeatother
foo 172 = x"2 \]

In this example \foo is deﬁned with \nolimits, means that limits are placed
in superscript/subscript mode and not over under. This is still possible with
\Timits in the definition or the equation:

2 2 \makeatletter
foo=x \newcommand\ foo{\mathop{\operator@font foo}\nolimits}
1 \makeatother

\[ \foo\limits 172 = x"2 \]
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Table 1.9: The predefined op-
erators of Tatex.1tx

36

AprSmath has an own macro for a definition, have a look at section

-~

\Tog
\1im
\sin
\cos
\tan
\cot
\csc
\sup
\ker
\det
\gcd
\pmod{a}

log
lim
sin
cos
tan
cot
csc
sup
ker
det
ged

(mod a)

\1g
\Timsup
\arcsin
\arccos
\arctan
\coth
\max
\inf
\dim
\exp
\deg

Ig

lim sup
arcsin
arccos
arctan
coth
max
inf
dim
exp
deg

\Tn
\Timinf
\sinh
\cosh
\tanh
\sec
\min
\arg
\hom
\Pr
\bmod

In
lim inf
sinh
cosh
tanh
sec
min
arg
hom
Pr
mod

1.17 Greek letters

The ApSmath package simulates a bold font for the greek letters, it writes a
greek character twice with a small kerning. The \mathbf{<character>} doesn’t
work with lower greek character. See Section[2.16 on page 70]for the \pmb macro,
which makes it possible to print bold lower greek letters. Not all upper case
letters have own macro names. If there is no difference to the roman font, then
the default letter is used, e.g. A for the upper case of . Table[0I-17-03] shows
only those upper case letters which have own macro names. Some of the lower
case letters have an additional var option for an alternative.

Bold greek letters are possible with the package bm (see section [4.1.5 on]
page 90) and if they should also be upright with the package upgreek:

...

With a useful definition we can type \bfgreek{mu} to obtain an upright
boldface for the greek letter 4 => MY

Buddo

\usepackage{bm, upgreek}
$ \bm{\upalpha}, \bm{\upbeta} \ldots $

\usepackage{bm, upgreek}

\makeatletter

\newcommand\bfgreek[1]{\bm{\@nameuse{up#1}}}

\makeatother

$\bfgreek{beta}\bfgreek{mu}\bfgreek{delta}

\bfgreek{theta}\bfgreek{sigma}$



1.18 Pagebreaks

Table 1: The greek letters of Latin Modern

lower

default upper

default \mathbf \mathit

\alpha
\beta
\gamma
\delta
\epsilon
\varepsilon
\zeta
\eta
\theta
\vartheta
\iota
\kappa
\lambda
\mu

\nu

\xi

\pi
\varpi
\rho
\varrho
\sigma
\varsigma
\tau
\upsilon
\phi
\varphi
\chi

\psi
\omega

S EXRTES T AN AN DWMIYIUNTE F = PTTIVCH D < ™K

\Gamma
\Delta

\Theta

\Lambda

\Xi
\Pi

\Sigma

\Upsilon
\Phi

\Psi
\Omega

=03

¥
Q

> =

>

= m

v
Q

>

I

Y
Q

With an OpenType font we can use macros for every type of greek letter. Unicode

The only prerequisites are a proper OpenType font, like XITS Math, and one of

the newer TpX-engines XgIpX or LuaTgX.

00000660

1.18 Pagebreaks

By default a displayed formula cannot have a pagebreak. This makes some sense,
but sometimes it gives a better typesetting when a pagebreak is possible.

\allowdisplaybreaks

\allowdisplaybreaks enables TgX to insert pagebreaks into displayed formu-
las whenever a newline command appears. With the command \displaybreak it

\usepackage{unicode-math}
\setmathfont{XITS Math}

$ \theta \Theta \mbftheta \mbfTheta
\mittheta \mitTheta \mbfsanstheta

\mbfsansTheta $

\alTowdisplaybreaks
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is also possible to insert a pagebreak at any place. But this is for standard IATEX
not a real option; the only possible environment is eqnarray which shouldn’t be
used. It makes only sense with the environments from .45 Smath (see Chapter
bn page 43).

1.19 \stackrel

\stackrel puts a character on top of another one which may be important if a

A
\stackrel used symbol is not predefined. For example “=" (\stackrel{\wedge}{=}). The
syntax is

\stackrel{<top>}{<base>}

Such symbols may be often needed so that a macro definition in the preamble
makes some sense:

\newcommand{eqdef{%
\ensuremath{\mathrel{\stackrel{\mathrm{def}}{=3}3}}}

With the \ensuremath command we can use the new \eqdef command in text and
in math mode, IATEX switches automatically in math mode, which saves some
keystrokes like the following command, which is written without the delimiters
($...9) for the math mode o, only \eqdef with a space at the end. In math
mode together with another material it may look like X & (x1, ..., X5 ) and as
command sequence

$\vec{x}\eqdef\Teft(x_{1},\1dots,x_{n}\right)$

The fontsize of the top is one size smaller than the one from the base, but it
is no problem to get both the same size, just increase the top or decrease the
base.

1.20 \choose

\choose \choose is like \atop with delimiters or like \frac without the fraction line and
also with delimiters. It is often used for binomial coefficients and has the
following syntax:

{above \choose below}

The two braces are not really important but it is safe to use them.

\begin{equation}
m+1 m m {m+1 \choose n}={m \choose n}+{m \choose k-1}
< n > = <n>+<k— 1> \end{equation}
(1
See section [2.5.2 on page 59 for the A\ Smath equivalents and enhance-
ments.
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1.21 Color in math expressions

There is no difference in using colored text and colored math expressions. With \textcolor
\usepackage{xcolor}

in the preamble the macro \textcolor{<color>}{<text or math>} exists.

\begin{equation}

\textcolor{blue}{f(x)} = \int\limits_ 1~{\infty}
\textcolor{red}{\frac{1}{x*2}}\,\mathrm{d}x=1

\end{equation}

If all math expressions should be printed in the same color, then it is better
to use the \everydisplay macro (Section|1.24 on page 41).

x 1 \usepackage{xcolor}
= [ La=1 @
1

1.22 Boldmath

Writing a whole formula in bold is possible with the command sequence \mathversion
\boldmath ... \unboldmath, which itself must be written in textmode (outside the \boldmath
formula) or with the command \mathversion{bold}. \unboTldmath

\begin{minipage}[t]{0.45\1inewidth}
\[
\sum_{\makebox[Opt]{$
\scriptscriptstyle 1\le j\le p\atop {I1\le j\le g\atop 1\le k\le r}$}%
: Ya_{1j}b_{jk}c_{ki}
\
\end{minipage}\hfill
\begin{minipage}[t]{0.45\1inewidth}
\boldmath
\[
\sum_{\makebox[Opt]{$
\scriptscriptstyle 1\le j\le p\atop {1\le j\le g\atop 1\le k\le r}$}%
Ya {ij}b_{jkc {ki}

\1
$ y=f(x) $ \unboldmath $ y=f(x) $
\end{minipage}
Zaijbjkcki Zaijbjkcki
1<j<p 1<j<p
1<j<q 1<j<q
1<ksr 1<k<r

y=fx)y=fx)

The \mathversion macro defines a math style which is valid for all following
math expressions. If you want to have all math in bold then use this macro
instead of \boldmath. But it is no problem to put \mathversion inside a group
to hold the changes locally.

{\mathversion{bold}% inside a group

y(x)=ax® +bx* +cx+d (1) \begin{equation}
y(x) = ax"3+bx"2+cx+d

= = \end{equation}
y=f) y= 1) Sy=F(0$ } $y=F(0)$

Single characters inside a formula can be written in bold with \mathbf, but
only in upright mode, which is in general not useful as shown in Example [01-22
D3. It is better to use package bm (see section |4.1.5 on page 90).
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\begin{equation}
\sum_{\makebox[0Opt]{$

Z ajjbjkcyi (1)

1<j<p \scriptscriptstyle I\le j\le p\atop {I1\le j\le g\atop I\le k\

1)<
1Sker 1)

Ya_{ij}\mathbf{b_{jk}}c_{ki}

\end{equation}

1.22.1 Bold math expressions as part of titles and items

By default the titles in sections, subsections, a.s.o. are printed in bold. Same for
the description environment. The problem is that a math expression in one of
these environments is printed in default font shape, like the following example

for a \section and description:

1 The math function f(x) =

JCZ

This is y = f(x) Only a demonstration.

And z = f(x,y) Another demonstration.

\section{The math function $f(x)=x"2$}

\begin{description}
\item[This is $y=f(x)$] Only a demonstration.

\item[And $z=f(x,y)$] Another demonstration.
\end{description}

With a redefinition of the \section and \item macros it is possible to get

everything in bold font.

1 The math function f(x) =

JCZ

This is y = f(x) Only a demonstration.

And z = f(x,y) Another demonstration.

1.23 Multiplying numbers

\makeatletter
\let\iten0ld\iten
\renewcommand\item[1][]{%

\def\@tempa{#1}

\ifx\@tempa\@empty\item0ld
\else\boldmath\item0ld[#1]\unboldmath
\fi}

\makeatother

\let\section0ld\section

\renewcommand\section[2][\empty]{%
\boldmath\sectionOld[#1]{#2}\unboldmath}

\section{The math function $f(x)=x"2$}
\begin{description}

\item[This is $y=f(x)$] Only a demonstration.
\item[And $z=f(x,y)$] Another demonstration.
\end{description}

When the dot is used as the decimal marker as in the United States, the preferred
sign for the multiplication of numbers or values of quantities is a cross (\times
X), not a half-high and centered dot (\cdot - ).

When the comma is used as the decimal marker as in Europe, the preferred
sign for the multiplication of numbers is the half-high dot. The multiplication
of quantity symbols (or numbers in parentheses or values of quantities in
parentheses) may be indicated in one of the following ways: ab, a - b, a X b.

For more information see “Nist Guide to SI Units -More on Printing and Using

Symbols and Numbers in Scientific and Technical Documents’

DIN 1304, Teil 1.

or the German

21 http://physics.nist.gov/Pubs/SP811/sec10.html
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1.24 Other macros

1.24 Other macros

There are some other macros which are not mentioned in the foregoing text. \everymath
Here comes a not really complete list of these macros. \everydisplay
\everymath puts the argument before any inlined math expression, e. g. \everymath{\éispTaysize}.
Using this macro doesn’t really make sense, when one is using footnotes
because the footnote number is printed as superscript in inline mathmode
and an \everymath will be valid, too.
\everydisplay puts the argument before any displayed math expression, e.g.
\everydisplay{\color{blue}}.
\underTine underlines a math expression and has to be used inside the math
mode.

F(x) = Jf(x)dx
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AaSmath package
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2.17 |Miscellaneous commands| ........................... 70
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In general the A\(S packages are at least a collection of three different ones:
1. amsmath
2. amssymb
3. amsfonts
amsmath itself loads by default:
\RequirePackage{amstext}[1995/01/25]

\RequirePackage{amsbsy}[1995/01/20]
\RequirePackage{amsopn}[1995/01/20]

The package amssymb loads:
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a4

\RequirePackage{amsfonts}[1995/01/01]

For a simple IATgX source which has only \usepackage{amsmath} you'll get:

amsmath.sty
amstext.sty
amsgen. sty
amsbsy.sty
amsopn. sty

2016/06/28 v2.15d AMS math features
2000/06/29 v2.01 AMS text
1999/11/30 v2.0 generic functions
1999/11/29 v1.2d Bold Symbols
2016/03/08 v2.02 operator names

All macros from these packages are available by default if only amsmath is loaded.
In the following only the the package amsmath is described in detail.

The Ap(Smath has the following options:

centertags (default) For a split equation, place equation numbers vertically
centered on the total height of the equation.

tbtags ‘Top-or-bottom tags’ For a split equation, place equation num-
bers level with the last (resp. first) line, if numbers are on the
right (resp. left).

sumlimits (default) Place the subscripts and superscripts of summation
symbols above and below, in displayed equations. This option
also affects other symbols of the same type - [ [, [, &, €D,
and so forth - but excluding integrals (see below).

nosumlimits Always place the subscripts and superscripts of summation-
type symbols to the side, even in displayed equations.

intTlimits Like sumlimits, but for integral symbols.

nointlimits (default) Opposite of intlimits.

namelimits (default) Like sumlimits, but for certain ‘operator names’ such as
det, inf, 1im, max, min, that traditionally have subscripts placed
underneath when they occur in a displayed equation.

nonamelimits Opposite of namelimits.

To use one of these package options, put the option name in the optional
argument, e.g. \usepackage[intTimits]{amsmath}. The A\ Smath also recog-
nises the following options which are normally selected (implicitly or explicitly)
through the documentclass command, and thus need not be repeated in the
option list of the \usepackage{amsmath} statement.

Tegqno  Place equation numbers on the left.

regno (default) Place equation numbers on the right.

fleqn Position equations at a fixed indent from the left margin rather than
centered in the text column. Ap4Smath defines the length \mathindent
and uses it when the equations have only one tabbing character (&).

All math environments are displayed ones, so there is no special inline math.



2.1 align environments

2.1 align environments

There are four different align environments, described in the following subsec-
tions. Their behaviour is shown in Table The symbolic code for all align
environments is:

\begin{<name>}
<name> &= x & x &= x\
<name> &= x & x &= x
\end{<name>}

-

Table 2.1: Comparison between the different align environments with the same code,
where the first three can have an equation number

o || e
= || =
@ | |99
!!
([
I I
e

Il

e

alignat |[=[ x [ x |=[ x |

alignat |=[ x | [ x [=] x ]

[ ] - i -
[ain ] - =[]

xalignat | =

II
*
Il
*

xalignat

alignat| =

II
]
I
»

%

Ii

alignat

In difference to the environment egnarray from standard I£TgX (section|1.3.2),
the “three” parts of one equation expr.-symbol-expr. are divided by only one
ampersand in two parts. In general the ampersand should be placed before
the symbol to get the right spacing, e.g. y & x. Compare the following three
equations, the second one has a wrong spacing.
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\usepackage{amsmath}
peces

\begin{align}

y &= x\makebox(0,0){\rule[-2.2cm]{0.2pt}{1.5cm}}
\end{align}

\begin{align}

y \makebox(0,0){\rule[-1.5cm]{0.2pt}{1.5cm}}=& x
\end{align}

\begin{align}

y ={}& x

\end{align}

—
~

= e <
I

SR

—~—
o

2.1.1 The default align environment

The eqgnarray environment has a not so good spacing between the cells. Writing
the equations from Example [01-03-04 on page 8 with the align environment

gives Example

y=d (1) \usepackage{amsmath} -

02-01-02
y=cx+d (2) \begin{align} -
y &= d\label{eq:align}\\

YViz = bx’+cex+d 3) v &= cxrd\\
y(x)=ax® + bx* +ex+d  (4) y_{12} &= bx"{2}+ex+d\\
y(x) & ax™{3}+bx"{2}+cx+d
\end{align}
Seeeq. 1... See eq.~-\ref{eq:align} \ldots

> The align environment has an implicit {rlrl...} horizontal alignment with
a vertical column-alignment, e. g.

12 3 \usepackage{amsmath}
02-01-03

\begin{alignx}
16&26&3
\end{align*}

> nonumber-version \begin{align*}...\end{align*} exists.

> Unnumbered single rows are possible with \nonumber before the end-of-line
command \\.

> The align environment takes the whole horizontal space if you have more
than two columns:

\usepackage{amsmath}

\begin{align}

y &= d z &1 \\
&= cx+d 7 &= x+1 \\

z &= x*{2}+x+1\nonumber \\
z &= xM3}x {2} +x+1

g~ -2l 2]

y
y {12} &= bx"{2}+cx+d
y(x) & ax*{3}+bx"{2}+cx+d

\end{align}
y=d #=1 (1) -02»01»04
y=cx+d z=x+1 (2)
yu:bx2+cx+d z=x*+x+1
y(x) = ax® + bx* + cx +d =+ +x+1 3)
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2.1.2 alignat environment

This means “align at several places” and is something like more than two align \begin{align}
environments side by side. Parameter is the number of the \align environments, ...
which is not important for the user. The above last align example looks like: \end{align}

\usepackage{amsmath}
\begin{alignat}{2}
y &= d & z6&1 \\
y &= cx+d & z & =x+1 \\
y {12} &= bx™{2}+cx+d & z & x*{2}+x+1\nonumber \\
y(x) & ax {3 +bx*{2}+cx+d & z &= xM{3}+x {2}+x+1
\end{alignat}
y=d . M
y=cx+d z=x4+1 )
ylzsz2+cx+d z=x>+x+1
yx) =ax* +bx*+ex+dz=x+x* +x+1 3)

The parameter was 2 and it is 3 for the following example:

\usepackage{amsmath}
\begin{alignat}{3}
i {11} & 0.25 & 1 {12} & i {21} & 1 {13} & i_{23}\nonumber \\
i {21} &= \frac{1}{3}i {11} & i {22} &= 0.5i {12} & i {23} &= i {31}\\
i {31} &= 0.331 {22} &1 {32} &= 0.151 {32} & i {33} &= i {11}
\end{alignat}
ill =0.25 ilg = igl i13 = i23
. 1. o )
I1 = 5111 ipz = 0.5013 Ip3 = I3 (1)
i31 = 0.33i22i32 = 0.15i32i33 = i11 (2)

With the alignat environment one can easily align equations vertically at
more than one marker:

\usepackage{amsmath}
\begin{alignat}{3}
abc &= xxx &&= XXXXXXXXXXXX &&= aaaaaaaaa \\
ab &= yyyyyyyyyyyyyyy &= yyyy &&= ab
\end{alignat}
abc = xxx = XXXXXXXXXXXX = Aaaaaaaaa (1)
ab = yyyyyyyyyyyyyyy = yyyy =ab (2)

> The alignat environment has an implicit {rlrl...rlrl} horizontal alignment
with a vertical column alignment.

> A nonumber-version \begin{alignat*} ... \end{alignat*} exists.

> Unnumbered single rows are possible with \nonumber.

2.1.3 flalign environment

This is the new replacement for the xalignat and xxalignat environments. It is \begin{flalign}
nearly the same as the xalignat environment, only more “out spaced” and “left ...
aligned”. \end{flalign}
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i;p = 0.25 \usepackage{amsmath}
02-01-08
. _ L . \begin{flalign}
a1 =3 @ i {11} &= 0.25\nonumber \\
i {21} & \frac{1}{3}i {11
iy = 0.33iy, ®) 1 {21} &= \frac{I{3H_{I1}\\

i {31} &= 0.33i {22}
\end{flalign}

As seen, the equations are not really left aligned, when they have only
one ampersand. In this case flalign has the same behaviour as the align
environment.

When there are more than one tabbing characters (&), then the equations are
really left aligned. This is also an easy way to get an equation with only one

ampersand left aligned, see Example [02-01-09|below.

\usepackage{amsmath}

\begin{flalign}
i {11} &= 0.25
i {31} &= 0.331_{22}
\end{flalign}
ill =0.25
. 1
Ipp = <1
21 = gl
i31 = 033122

& i {12} &=
i {21} &= \frac{1}{3} {11} & i {22} &=
& i {32} &=

i{21} &1 {13} &= i {23}\nonumber \\
0.5i {12} &i {23} &= i {311\
0.151 {32} & i {33} &= i {11}

i1 =iy i13 =iz
02-01-09

Ipp = 0.5012 i3 = i3 (1)

i3 = 0.15i3, is3 = i1y (2)

This environment can be used to mix centered and left aligned equations
without using the document wide valid option flegn.

=[G

s = [ s @

Equation 2 is left aligned in fact of the
second tabbing character &.

\usepackage{amsmath}
02-01-10
\begin{align}
f(x) & \int\frac{1}{x"2}\,\mathrm{d}x
\end{align}

\begin{flalign}\label{eq:leftaligned}

f(x) & \int\frac{1}{x*2}\,\mathrm{d}x &
\end{flalign}
Equation~\ref{eq:leftaligned} is left
aligned in fact of the second tabbing
character \&.

Another case is placing text left aligned, whereas the formulas should be

right aligned.

12(x—1)+20(y—3)+14(z—-2) =0
6x +10y+7z=0

same as

2.1.4 xalignat environment

\usepackage{amsmath}

\begin{flalignx}

&& 12(x-1)+20(y-3)+14(z-2) & 0\\
\text{same as } & 6x+10y+7z &= 0
\end{flalign*}

\begin{xalignat} This is an obsolete macro but still supported by the .Ap/Smath package. Same
. as alignat environment, only a little more “out spaced”.

\end{xalignat}
\usepackage{amsmath}
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\begin{xalignat}{3}

i {11} & =0.25 & i {12} & =i {21} & i {13} & =i _{23}\nonumber \\

i {21} & =\frac{1}{3}i {11} & i {22} & =0.5i {12} & i {23} & =i {31}\\
i {31} & =0.331 {22} & i {32} & =0.15i {32} & i {33} & =i {11}

\end{xalignat}
i = 0.25 ip = iy i3 = iz
. 1. ) . . )
iy = g111 izp = 0.5i1; I3 = I31 (1)
i1 = 0.33iy isy = 0.15i3, is3 = i (2)

2.1.5 xxalignat environment

Likexalignat an obsolete macro but still supported by the Ap4Smath package. \begin{xxalignat}
Same as align environment, only extremely “out spaced”, therefore no equation ...
number! \end{xxalignat}

\usepackage{amsmath}

\begin{xxalignat}{3}

i {11} & =0.25 & i {12} & =1 {21} & i {13} & =1 {23}\\

i {21} & =\frac{1}{3}i {11} & i {22} & =0.51 {12} & i {23} & =1 {31}\\
i {31} & =0.331 {22} & i {32} & =0.151 {32} & i {33} & =1 {11}

\end{xxalignat}
i1 =0.25 i1p =iy i13 = iz3
. 1. . . . .
Iy = 5111 iz = 0.5ip2 I3 = i3
i31 = 033122 i32 = 015132 i33 = i11

2.1.6 aligned environment

In difference to the split environment (Section |2.2.4 on page 54), the aligned \begin{aligned}
environment allows more than one horizontal alignment but has also only one ...

equation number: \end{aligned}
2x+3=7 2x+3-3=7-3 \usepackage{amsmath}
_ 2x _ 4 \begin{equation}
2x =4 P \begin{aligned}

243 &= 7 & 243-3 &=7-3  \\
2x & 4 & \frac{2x}2 & \fracd2\\
(1) X &2
\end{aligned}
\end{equation}
The aligned environment is similar to the array environment, there exists
no starred version and it has only one equation number and has to be part
of another math environment, which should be equation environment. The

advantage of aligned is the much better horizontal and vertical spacing.

x=2

2.1.7 Problems

When using one of the align environments, there should be no \\ at the end of
the last line, otherwise you’ll get another equation number for this “empty” line:
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2x+3=7 (1)

2x+3=7 3)

\usepackage{amsmath}

\begin{align}
2x+3 &= T\\
\end{align}
\begin{align}
2x+3 &= 7
\end{align}

2.2 Other environments

2.2.1 gather environment

\begin{gather} This is like a multi line environment with no special horizontal alignment. All

. rows are centered and can have an own equation number:

\end{gather}
in = 0.25 (1) \usepackage{amsmath}
Iiili!li!l
A \begin{gather}
In = glll i {11}=0.25\\
. X 1 {21}=\frac{1}{3}i_{11}\nonumber \\
i3 = 0.33i; (2) i {31}=0.331 {22}

\end{gather}

> The gather environment has an implicit {c} horizontal alignment with no
vertical column alignment. It is just like an one column array/table.
> A nonumber-version \begin{gather*}...\end{gather*} exists. Look at sec-

tion |2.2.4 on page 54| for an example.

2.2.2 gathered environment

\begin{gath- The gathered environment is like the aligned or alignat environment. They use
ered}[c] only so much horizontal space as the widest line needs. In difference to the
. gather environment it must be itself inside the math mode.

\end{gathered}
i =023 \usepackage{amsmath}
02-02-02
i = i \begin{align}
I = 3111 \rilelzenriIpt}
i3 = 0.33ip, \begin{gathered}

(1)

\quad i {11}=0.25\\

\quad i {21}=\frac{1}{3}i {11}\\
\quad i {31}=0.33i {22}
\end{gathered}

\rule{2cm}{1pt}

\end{align}

The optional argument can be used for setting the vertical alignment which
is by default ¢ (centered). It can also be t for top or b for bottom.
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\usepackage{amsmath}

\begin{align}
\rule{lcm}{1pt}
(1) \begin{gathered}[t]
\quad A=a\\ \quad B=b\\ \quad C=c
\end{gathered}

%

\begin{gathered}[c]
\quad A=a\\ \quad B=b\\ \quad C=c
\end{gathered}

%
5

\begin{gathered}[b]
\quad A=a\\ \quad B=b\\ \quad C=c
\end{gathered}
\ \rule{lcm}{1lpt}
\end{align}
When using a square bracket as first character inside the environment,
then everything is ignored by .4p4Suntil a following closing bracket, because

ApStakes this as an optional argument:

o W
Il
S 9

C

o % >
Ll
o =
DL

I
()

o [A] A=a \usepackage{amsmath}
[B] B=1b (1) \begin{align}
\begin{gathered}
[C] C=c¢ [Al\quad A=a\\

[B]\quad B=b\\
[C]\quad C=c
\end{gathered}
\end{align}
The [A] is completely ignored, which can be avoided by using the optional
argument [c] or at least an empty one directly after the \begin{gather}. Another

possibility is using the package empheq, which fixes this behaviour by default.

= k th
[A] A=a \usepackage{amsmath}
[B] B=b (1) \begin{align}
\begin{gathered}[]
€] C=c [Al\quad A=a\\

[B]\quad B=b\\
[C]\quad C=c
\end{gathered}
\end{align}

2.2.3 multline environment

This is also like a multi line[l environment with a special vertical alignment. The \begin{multline}
first row is left aligned, the second and all following ones except the last one are ...

centered and the last line is right aligned. 1t is often used to write extremely \end{multline}
long formulas:

\usepackage{amsmath}

\begin{multline}

A=\lim {n\rightarrow\infty}\Delta x\left(a"{2}+\left(a"{2}+2a\Delta x+\left(\Delta x\right)”~{2}\right)\
—right.\label{eq: reset}\\

+\left(a”{2}+2\cdot2a\Delta x+2"{2}\left(\Delta x\right)”{2}\right)\\

+\left(a”{2}+2\cdot3a\Delta x+3~{2}\left(\Delta x\right)”{2}\right)\\

"t is no typo, the name of the environment is mult1ine, no missing i here!
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+\ldots\\

\left.+\left(a”{2}+2\cdot(n-1)a\Delta x+(n-1)"{2}\left(\Delta x\right)~{2}\right)\right)\\
=\frac{1}{3}\left(b"{3}-a~{3}\right)

\end{multline}

A= rlli_I)IDloAx (a2 + (a2 + 2alAx + (Ax)z)
+ (a2 +2-2alx + 2° (Ax)z)
+ (az +2-3alx + 3 (Ax)z)
+ ...
+ (az +2-(n—1aAx + (n—1) (Ax)z))

(0°-a*) (1)

W=

[ X | (1)

Figure 2.1: multline Alignment demo (the fourth row is shifted to the right with
\shoveright)

| \multlinegap= | \multlinegap= |

\ 10.0pt \ (2.2) \ 0.0pt (2.3)

Figure 2.2: Demonstration of \multTinegap (default is Opt)

> A nonumber-version \begin{multline*}...\end{multline*} exists.

> By default only the last line (for right equation numbers) or the first line
(for left equation numbers) gets a number, the others can’t.

> The alignment of a single line can be changed with the command
\shoveright (figure [2:1)

> The first line and the last line have a small gap to the text borderEl See
figure 2.2} where the length of \multTinegap is set to Opt for the right one.

Examples for multline
With the multline environment the equation[01-08-04 on page 20|looks like:

2When the first (numbers left) or last line (numbers right) has an equation number then
\multTinegap is not used for these ones, only for the line without a number.
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\usepackage{amsmath}

\begin{multline}

\frac{1}{2}\Delta(f {ij}f*{ij})=2\left(\sum {i<j}\chi {ij}(\sigma {i}-\sigma {j})~{2}
+f~{ij}\nabla_{j}\nabla {i}(\Delta f)+\right.\\

+\left.\nabla {k}f {ij}\nabla~{k}f {ij}+f~{ij}f*{k}\left[2\nabla {i}R {jk}-\nabla {k}R {ij}

\right]\right)
\end{multline}
02-02-07 1 i .
LA =2 <Z Ko — 0 + FIT AN+
i<j

+ VefifV 7+ f7 15 [2ViR = ViRy]) (1)

which is again a bad typesetting because of the two unequal parentheses.
Each one has a size which is correct for the line but not for the whole formula.
IATEX accepts only pairs of parentheses for one line and has an “empty” paren-
theses, the dot “\Teft.” or “\right.” to get only one of the “pair”. There are
different solutions to get the right size of the parentheses. One of them is
to use the \vphantom command, which reserves the vertical space without any
horizontal one, like a vertical rule without any thickness. The sum symbol from
the first line is the biggest one and responsible for the height, so this one is the
argument of \vphantom which has to be placed anywhere.

\usepackage{amsmath}

\begin{multline}

\frac{1}{2}\Delta(f {ij}f*{ij})=
2\left(\sum {i<j}\chi {ij}(\sigma {i}-\sigma {j})~{2}+f~{ij}\nabla {j}\nabla {i}(\Delta f)+\right.\\
\left.+\nabla {k}f {ijF\nabla~{k}f {ij}+f {ij}f*{k}\left[2\nabla {i}R {jk}-
\nabla {k}R {ij}\right]\vphantom{\sum {i<j}}\right)

\end{multline}

LA =2 <Z 10~ ) + TN

i<j
Vi fiVE 9+ fTFR [2ViRj — VieRyj 1)

Instead of using the \vphantom command it is also possible to use fixed-width
parentheses, which is described in section

A math expression with a very long fraction like the following one, which
runs out of the margin could be written as a multiplication to avoid the fraction
line.

\usepackage{amsmath}

\begin{equation}

\frac{\mathrm{d}G \infty}{\mathrm{d}n}=\frac{\left[1-e"{-pn}\right]
\left[Q\left(n\right)-pR\left(n\right)+R’\left(n\right)\right]e~{-pn}
-\left[-\frac{Q \left(n\right)e~{-pn}}{p}+\frac{Q\left(0\right)}{p}+R
\left(n\right)e”{-pn} - A\right] pe~{-pn}}{\left({1-e"{-pn}}\right)~2} =0

\end{equation}
4G, [1=e1[Q(m) ~ pR(w)+ R ()] #" — [~ 20 + €0 1 R(n) " — A per”
= =0
dn (1—ePn)

1

With the multTine environment it can then be split into two or more parts:
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\usepackage{amsmath}

\begin{multline}
\frac{\mathrm{d}G \infty}{\mathrm{d}n} =
\frac{1}{\left( {1-e~{-pn}} \right)"2 }\cdot
\left\{\vphantom{\frac{Q}{p}}% >>>> to get the correct height <<<<<
\left[ 1-e”{-pn} \right] \left[ Q \left( n \right) - pR
\left( n \right) + R’\left( n \right) \rightle™{-pn}\right.\\
- \left.\left[-\frac{Q \left( n \right) e~{-pn}}{p} +
\frac{Q \left( 0 \right)}{p} + R \left( n \right) e~{-pn}
- A\right] pe~{-pn}\right\} = 0
\end{multline}

dG., 1 o RO B ()] e -
Wzm'{[l—ep][Q(") PR()+R()] »

- [—% + ? +R(n)e " —A] pe_"”} =0 (1)

2.2.4 split environment

\begin{split} The sp1it environment is like the multTine or array environment for equations
... longer than the column width. Just like the array environment and in contrast
\end{split} to multline, split can only be used as part of another environment. split
itself has no own numbering, this is given by the other environment. Without
an ampersand all lines in the split environment are right-aligned and can be
aligned at a special point by using an ampersand. In difference to the aligned
environment (section [2.1.6 on page 49), the sp1it environment don’t permit

more than one horizontal alignment.
It is important that the split environment has another behaviour when
used inside one of the “old” IATgX environments \[...\] or \begin{equation}
... \end{equation}, in this case more than one horizontal alignment tabs are

possible.

\usepackage{amsmath}
X \[
‘ ‘ \begin{split}
\ X | \framebox[0.35\columnwidth] {x}\\
‘ X ‘ \framebox[0.75\columnwidth]{x}\\
\framebox[0.65\columnwidth] {x}\\
\framebox[0.95\columnwidth]{x}
\end{split}
\]

a= \usepackage{amsmath} 020012
‘ i ‘ ;
\begin{split}
‘ X ‘ \vec{a} = {}&\framebox[0.35\columnwidth]{x}\\
‘ X ‘ &\ framebox[0.75\columnwidth]{x}\\
&\ framebox[0.65\columnwidth]{x}\\
&\ framebox[0.95\columnwidth]{x}
\end{split}
\1
The following example shows the sp1it environment as part of the equation

environment:
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\usepackage{amsmath}

\begin{equation}
\begin{split}
A {1} & = \left| \int {0}"{1}(f(x)-g(x))\,\mathrm{d}x\right| +\left|
\int _{1}"{2}(g(x)-h(x))\,\mathrm{d}x\right| \\
& = \left| \int {0} {1}(x*{2}-3x)\,\mathrm{d}x\right| +\left|
\int {1}7{2} (x*{2}-5x+6)\,\mathrm{d}x\right| \\
& = \left| \frac{x*{3}}{3}-\frac{3}{2}x"{2}\right| {0}"{1}+
\left| \frac{x*{3}}{3}-
\frac{5}{2}x*{2}+6x\right| {1}*{2}\\
& = \left| \frac{1}{3}-\frac{3}{2}\right| +\left|
\frac{8}{3}-\frac{20}{2}+12-
\left( \frac{1}{3}-\frac{5}{2}+6\right) \right| \\
& = \left| -\frac{7}{6}\right| +\left| \frac{14}{3}-\frac{23}{6}
\right| =\frac{7}{6}+\frac{5}{6}=2\, \textrm{FE}

\end{split}
\end{equation}
1 2
A= | [ 60 - gtnar|+| [ (00— heoyax
0 1
1 2
= (x* = 3x)dx +‘/ (x* = 5x +6)dx
0 1
3 3 1 3 2
T LS o)
3 27, |3 2 )
1 3 8 20 1 5
=242 - +12-(--2+56
3 2 3 2 3 2
7 14 23 7 5
=i+ -2 =242 =2
6 3 6 6 6

The same using the array environment with {r1}-alignment instead of sp1it
gives same horizontal alignment, but another vertical spacindﬂ and the symbols
are only in \scriptstyle and not \textsty]eEl

\usepackage{amsmath}

\begin{equation}

\begin{array}{ri}

A {1} & =\left|\int {0} {1} (f(x)-g(x))\,\mathrm{d}x\right|+\left|\int {1}*{2}(g(x)-h(x))\,
\mathrm{d}x\right|\\

=\left|\int_{0}"{1}(x"{2}-3x)\, \mathrm{d}x\right |+\left|\int {1}"{2}(x"{2}-5x+6)\,
\mathrm{d}x\right|\\

=\left|\frac{x {3} }{3}-\frac{3}{2}x*{2}\right|_{0}*{1}+\left|\frac{x"{3}}{3}-
\frac{5}{2}x*{2}+6x\right| {1}"{2}\\

=\left|\frac{1}{3}-\frac{3}{2}\right|+\left|\frac{8}{3}-\frac{20}{2}+12-\left (\frac{1}{3}-
\frac{5}{2}+6\right)\right|\\

=\left|-\frac{7}{6}\right|+\left|\frac{14}{3}-\frac{23}{6}\right|=\frac{7}{6}+
\frac{5}{6}=2\,\textrm{FE}

\end{array}

\end{equation}

{~]

=g}

[~}

=g}

3Can be changed with \renewcommand\arraystretch{1.5}

4See section|1.12 on page 30
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A = e - g(x))dx‘+‘ ff(g(x)—h(x))dx(
= fol(x2 —3x) dx‘ + ’flz(x2 —5x+6) dx’
_|2 sl ’ (1)

zxz‘ +
0 1
3 8 20 5
— 3|+ 5—7“2—(%—5%)‘
_ 7 14 23| _ 7 5 _
=[5+ |5 - R[=5+F=2FE
Compare the following two examples for typesetting the minus sign. In the
first case it is typeset similiar to the plus character, and in the second example

it is typeset without the additional space for a binary math atom.

x} 5,2
3 3 X + 6x

(SIS w‘k

\usepackage{amsmath}

\begin{align}\begin{split} a = {}& -b + c \\ & -d + e \end{split}\end{align}

\begin{align}\begin{split} a = {}&{-}b + c \\ &{-}d + e \end{split}\end{align}

A 0

—d+e

a=-b+c

)
—d+e
> There exists no starred version (\begin{split*}) of the sp1it environment.

2.2.5 cases environment

This gives support for an often used mathematical construct. You can also
choose the more than once described way to convert some text into math, like

$x=\begin{cases}
0 & \text{if A=...}\\
1 & \text{if B=...}\\
x & \textrm{this runs with as much text as you Tike, but without an
automatic linebreak, it runs out of the page~\Tldots}
\end{cases}$

which gives equation |02-02-16| It is obvious what the problem is.

\usepackage{amsmath}

\[

x=\begin{cases}
0 & \text{if A=...}\\
1 & \text{if B=...}\\
x & \textrm{this runs with as much text as you like, but without a linebreak,

it runs out of page....}
\end{cases}
\]

0 ifA=..

x=41 ifB=..
x  this runs with as much text as you like, but without a linebreak, it runs out of page....

In this case it is better to use a parbox for the text part with a flushleft
command for a better view.



2.3 Vertical whitespace

\usepackage{amsmath}

\begin{equation}
x=\begin{cases}
0 & \text{if A=...}\\
1 & \text{if B=...}\\
x & \parbox{7cm}{\flushleft
this runs with as much text as you like, but without an automatic
linebreak, it runs out of page~\ldots}%

\end{cases}
\end{equation}
0 ifA=.
1 if B=..
x = (1)

this runs with as much text as you like, but
without an automatic linebreak, it runs out of

page ...

2.2.6 Matrix environments

: a b ) a b ) a b Table 2.2: Ma-
Vmatrix HC dH Bmatrix {C d} matrix c d trix environments
(\begin{namej} ...
. a b i a b ) a b \end{name})
vmatrix ‘C d‘ bmatrix [C d] pmatrix <C d)
smallmatrix ’Clg

All matrix environments can be nested and an element may also contain any matrix
other math environment, so that very complex structures are possible. By default vmatrix
all cells have a centered alignment, which is often not the best when having Vmatrix
different decimal numbers or plus/minus values. Changing the alignment to Pmatrix

right (not for the smallmatrix environment) is possible with Bmatm,x
pmatrix
\makeatletter smallmatrix

\def\env@matrix{\hskip -\arraycolsep
\Tet\@ifnextchar\new@ifnextchar
\array{*\c@axMatrixCols r}}

\makeatother

The special matrix environment smalImatrix, which decreases horizontal
and vertical space is typeset in \scriptstyle. The smallmatrix environment
makes some sense in the inline mode to decrease the line height. For dots over
several columns look for \hdotsfor in the following section.

2.3 Vertical whitespace

See section|1.11.5 on page 27| for the lengths which control the vertical whites-
pace. There is no difference to .Ap4Smath.
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2.4 Dots

In addition to section[I.13 on page 31].4p(Smath has two more commands for
dots: \dddot{...J’| and \ddddot{...}

$\dddot{y}$: ¥/

$\ddddot{y}$:

Another interesting dot command is \hdotsfor with the syntax:

\hdotsfor[<spacing factor>]{<number of columns>}

With the spacing factor the width of the dots can be stretched or shrinked.
The number of columns allows a continuing dotted line over more columns.
Example [02-04-01| shows the definition of a tridiagonal matrix.

\usepackage{amsmath}

\begin{equation}

\underline{A}=\left[\begin{array}{ccccccc}

a {11} & a {12} & 0 & \ldots & \ldots & \ldots & O\\

a {21} & a {22} & a {23} & 0 & \ldots & \ldots & O\\

0 &a {32} &a {33} &a {34} & 0 & \ldots & O\\

\vdots & \vdots & \vdots & \vdots & \vdots & \vdots & \vdots\\
\hdotsfor{7}\cr\vdots & \vdots & \vdots & \vdots & \vdots & \vdots & \vdots\\
0 & \ldots & 0 & a {n-2,n-3} & a {n-2,n-2} & a {n-2,n-1} & O\\

0 & \ldots & \ldots & 0 & q {n-1,n-2} & a {n-1,n-1} & a {n-1,n}\\

0 & \ldots & \ldots & \ldots & 0 & a_{n,n-1} & a_{nn}

\end{array}\right]
\end{equation}
ap;;  apa 0 0
a1 Ay ds 0 0
0 as as [Zn 0 0
A= | o 1)
0 0 Ap-2,n-3 Ap—2,n-2 Ap-2,n-1 0
0 0 qn-1,n-2  QGn-1n-1 An-1,n
0 0 An.n—1 QAnn

2.5 fraction commands

2.5.1 Standard

Additional to the font size problem described in subsection
AprSmath supports some more commands for fractions. The \frac command
described in Downes does no more exist in A\ Smath.

> The global fraction definition has five parameters

\genfrac{<left delim>}{<right delim>}{<thickness>}
{<mathstyle>}{<nominator>}{<denominator>}

where thickness can have any length with a valid unit like

genfrac{}{}{1pt}{} {xA2+x+1}{3x-2} — %

>already mentioned in section



2.6 Roots

> \cfrac (continued fraction) which is by default set in the display mathstyle
and useful for fractions like

1
1 (2.4)
V2 + :
B ——
Vi+—
which looks with the default \frac command like
1 (2.5)
V2 + ﬁ .
va+L

where the mathstyle decreases for every new level in the fraction. The
\cfrac command can be called with an optional parameter which defines
the placing of the nominator, which can be [1]eft, [r]ight or [c]enter (the
default - see equation [2.4):

Vit — Vit —

> \dfrac which takes by default the displaystyle, so that fractions in ‘inline

1 1
1 1
L e Ve
VB V3t

1
mode > have the same size than in display mode.

> \tfrac (vice versa to \dfrac) which takes by default the scriptstyle, so that
fractions in display mode have the same size than in inline mode.

wWIr

\tfrac{2}{3}

wil o

\frac{2}{3}

2.5.2 Binoms
They are like fractions without a rule and its syntax is different to the \choose \binom

command from standard IATgX (see section[1.2.2 on page 5). AA(Smath provides \dbinon

three different commands for binoms just like the ones for fractions. \tbinom

2.6 Roots

The typesetting for roots is sometimes not the best. Some solutions for better \leftroot

typesetting are described in section[I.7 on page 17]for standard IATgX. Apz(Smath \uproot
has some more commands for the n-th root:
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Table 2.3: The different binom

Command Inlinemath  Displaymath
commands
m
\binom{m}{n} ) ( )
n
. m m
\dbinom{m}{n} ( ) ( )
n n
\tbinom{m}{n} (7:11) (ZL)
\sqgrt[\leftroot{<number>}\uproot{<number>}<root>]{< ... >}

<number> indicates a value for the pointsﬂ of which the root can be adjusted to
the left and/or to the top, e. g. k’{/a ($\sqrt[k_n]{a}$) has a too deep exponent,
whereas kT{/ﬁ $\sqrt[\uproot{2}k_n]{a}$ looks nicer.

2.6.1 Roots with \smash command

\smash The default for a root with Ag; as root argument looks like /Ag;, which may be

not the best typesetting. It is possible to reduce the lowest point of the root to
with \smash
the baseline with the \smash command: /A, ————— /Ag;

The syntax of the \smash comman(ﬂ renewed by the 4\ Smath package is

\smash[<position>]{<argument>}

The optional argument for the position can be:
t keeps the bottom and annihilates the top
b keeps the top and annihilates the bottom
tb annihilates top and bottom (the default)

2.7 Accents

With the macro \mathaccent and the package amssymb it is easy to define new
accent types, for example

\def\dotcup{$\mathaccent\cdot\cup$}

uu \usepackage{amsmath,amssymb}
\def\dotcup{\ensuremath{%
\mathaccent\cdot\cup}}

$\mathaccent\cdot\cup$
\dotcup

Overwriting of two symbols is also possible. In this case the second symbol
has to be shifted to the left for a length of 5 u (mu: math unit).

I PostScript units (bp - Big Points).
“In Tatex.1tx \smash is defined without an optional argument.
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2.8 \mod command

VYR YN \usepackage{amsmath,amssymb}
\def\curvearrowleftright{%
\ensuremath{%

\mathaccent\curvearrowright{%
\mkern-5mu\curvearrowleft}}}

\huge
$\curvearrowleft\curvearrowright
\curvearrowleftright$

For other possibilities to define new accents see Section|4.1.1 on page 88

2.8 \mod command

In standard IATgX the modulo command is not an operator, though it is often
used in formulas. Ap4Smath provides two (three) different commands for
modulo, which are listed in tabular

> They all insert some useful space before and behind the mod-operator.

a\mod{n"2}=b — a mod né=~np Table 2.4: The modulo commands
a\pmod{n"2}=b — a (mod 1’L2) — p  andtheir meaning
a\pod{nA2} =b — a n?)=h

2.9 Equation numbering

See section for equation numbering. It is mostly the same, only \numberwithin
one command is new to 4p4Smath. If you want a numbering like “3.44” for an

article class or “1.3.44” for a book class then write either in the preamble or like

this example anywhere in your doc:

\numberwithin{equation}{section}

\makeatletter
\def\tagform@#1{\maketag@@@{\ignorespaces#1\unskip\@@italiccorr}}
\makeatother

Now the following four subequation numbers have no parentheses.

2.9.1 Subequations
Amsmath supports this with the environment subequations.

\usepackage{amsmath}

\begin{subequations}

\begin{align}

y & d\\ y & cx+d\\ y & bx"2+cx+d\\ y &= ax"3+bx~{2}+cx+d
\end{align}

\end{subequations}
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y=d (12

y=cx+d (1b)
y=bx*+cx+d (1¢)
y=ax’+bx*+cx+d (1d)

If you want to get rid of the parentheses then write in the preamble:

\usepackage{amsmath}

\makeatletter
\def\tagform@#1{\maketag@@@{\ignorespaces#l\unskip\@@italiccorr}}
\makeatother

\begin{subequations}

\begin{align}

y & d\\ y & cx+d\\ y & bx*2+cx+d\\ y &= ax"3+bx"{2}+cx+d
\end{align}

\end{subequations}

y=d ‘e

y=cx+d 1b
y=bx*+cx+d 1c
y=ax*+bx*+cx+d 1d

Inside of subequations only complete other environments (\begin{...} ...\end{...})
are possible. CHanging the numberung can be done with redefining the macro
\theequation:

\usepackage{amsmath}

\begin{subequations}

\renewcommand\theequation{\theparentequation -\arabic{equation}}%

\begin{align}

y & d \\

y &= cx+d \\

y & bx~{2}+cx+d \\\label{eq: subequation-neu}

y & ax™{3}+bx {2}+cx+d

\end{align}

\end{subequations}

A reference to eq.~\ref{eq:subequation-neu}
- -
y=cx+d (1-2)
y=bx*+cx+d (1-3)
y=ax’+bx*+cx+d (1-4)

A reference to eq. 1-4

A ref to a subequation is possible like the one in Examle |[02-09-03] The
environment chooses the same counter “equation” but saves the old value into
“parentequation”. It is also possible to place two equations side by side with
counting as subfigures: In this case, the Ap4Smath internal subfigure counter
cannot be used and an own counter has to be defined:

\usepackage{amsmath}

\newcounter{mySubCounter}

\newcommand\twocoleqn[2]{%
\setcounter{mySubCounter}{0}%
\let\0ldTheEquation\theequation
\renewcommand{\theequation}{\0ldTheEquation\alph{mySubCounter}}%



2.10 Labels and tags

\noindent%
\begin{minipage}{.49\textwidth}
\begin{equation}\refstepcounter{mySubCounter} #1 \end{equation} \end{minipage}\hfill
\addtocounter{equation}{-1}%
\begin{minipage}{.49\textwidth}
\begin{equation}\refstepcounter{mySubCounter} #2 \end{equation}
\end{minipage}%
\let\theequation\0ldTheEquation}

\twocolegn{y=f(x) }{y=Ff(z)}

y=f&) (1a) y = f(2) (1b)
2.10 Labels and tags

For the \1abel command see section|1.3.4 on page lll it is just the same be- \tag
haviour. A\ Smath allows to define own single “equation numbers” with the
\tag command.

\usepackage{amsmath}

\begin{align}

f(x) & =a\tag{linear}\label{eq:linear}\\

g(x) & =\,\mathrm{d}x~{2}+cx+b\tag{quadratic}\label{eq:quadratic}\\

h(x) & =\sin x\tag#{trigonometric}

\end{align}

Eq.~\ref{eq:linear} is a linear and eq.~\ref{eq:quadratic} is a quadratic function.

fx/=a (linear)
gx/=dx’+cx+b (quadratic)

h.x/ =sinx trigonometric

Eq. linear is a linear and eq. quadratic is a quadratic function.
> The \tag command is also possible for unnumbered equations, IATEX

changes the behaviour when a tag is detected.

> There exists a starred version \tag*{ ...}|, which supresses any annotations
like parentheses for equation numbers.

> There exist two package options for tags, ctagsplit and righttag (look at
the beginning of this part on page .

2.11 Limits

By default the sum/prod has the limits above/below and the integral at the
side. To get the same behaviour for all symbols which can have limits load the
package Ap\4Smath in the preamble as

\usepackage[sumlimits,intlimits]{amsmath}

There exist also options for the vice versa (see page . See also Section
for the additional commands \underset and \overset.

2.11.1 Multiple limits \begin{Sh}

For general information about limits read Section [1.2.1 on page 4] Standard --

IATEX provides the \atop command for multiple limits (Section|1.6.1 on page 16). tznd{si’} .
egin{Sp

.\.E-!nd{SP}
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\substack
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AprSmath has an additional command for that, which can have several lines
with the following syntax:

\substack{...\\...\\...}

The environments described in Downes
\begin{Sb} ... \end{Sh}
\begin{Sp} ... \end{Sp}
are obsolete and no more part of A\ (Smath.
The example Equation [01-06-01 on page 16|with the \substack command
looks like:

\usepackage{amsmath
Z aijbjicyi (1) paciagel '

1Jidp \begin{equation}
13j3q \sum_{%
13k3r \substack{l\le i\le p\\

1\le j\le q\\
I\le k\le r}
ta {ij}b_{jk}c {ki}
\end{equation}

2.11.2 Problems

There are still some problems with limits and the following math expression.
For example:

X = Z Xz’j \usepackage{amsmath}

13i3j3an A
X = \sum_{1\le i\le j\le n}X {ij}
does not look nice because of thg ]1ong limit. Using a \makebox also does not
really solve the problem, because \makebox is in TgX horizontal mode and knows
nothing about the appropriate math font size, because limits have a smaller font
size. It is better to define a \mathclap macro, similiar to the two macros \11ap

and \rlap and uses the also new defined \mathclap macro:

\def\math1lap{\mathpalette\mathllapinternal}
\def\math1lapinternal#1#2{%
\11ap{$\mathsurround=0pt#1{#23}$}% $

\def\mathrlap{\mathpalette\mathrlapinternal}
\def\mathrlapinternal#1#2{%

\rlap{$\mathsurround=0pt#1{#23}$}% $
}

Now we can write limits which have a boxwidth of Opt and the right font
size and the following math expression appears just behind the symbol:

X = X \usepackage{amsmath}
1<;<n Y \def\clap#1{\hbox to Opt{\hss#1\hss}}
SIS \def\mathclap{\mathpalette\mathclapinternal}

\def\mathclapinternal#1#2{%
\clap{$\mathsurround=0pt#1{#2}$}}

\[
X = \sum_{\mathclap{l\le i\le j\le n}}X {ij}
\



2.11 Limits

These macros are also part of the package mathtools from Morten Hagholm
and Lars Madsen. mathtools itself loads package amsmath by default.

_ . \usepackage{mathtools
X= 2% peetssetietieets

1<i<j<n \[
X = \sum_{\mathclap{l\le i\le j\le n}}X {ij}

\]
Another problem occurs when having operators with stacked limits in braces:

> (2.6)
ij.
i>j
This case is not easy to handle when some other math expressions are
around the braces which should be on the same baseline. However, the following
may help in some cases to get better looking braces.

11 Z \usepackage{mathtools}
roo |2 ber 00

ij \begin{align}
>J foo \left[
\begin{array}{@{}ce{}}
\displaystyle\sum {\substack{i,j\\i>j}} \dots
\end{array}\right] bar
\end{align}

2.11.3 \sideset

This is a command for a very special purpose, to combine over/under limits with
superscript/subscripts for the sum-symbol. For example: it is not possible to \sideset
place the prime for the equation[2.7]near to the sum symbol, because it becomes

an upper limit when writing without an preceeding {}.

> 'nEy 2.7)

n<k
7 odd

The command \sideset has the syntax
\sideset{<before>}{<behind>}

It can place characters on all four corners of the sum-symbol:

T
02-11-06 UpperLeft ZUpperRight

LowerLeft &< LowerRight \ .
B \sideset{ {\text{LowerLeft}}%

~{\text{UpperLeft}}}%
{ {\text{LowerRight}}%
~{\text{UpperRight}}\sum {B}*{T}

\usepackage{amsmath}

\]
Now it is possible to write the equationin a proper way with the command
\sideset{}{’} before the sum symbol:

’
Z nE, (1) \usepackage{amsmath}
n<k \begin{equation}
" odd \sideset{}{' F\sum_{n<k\atop n\ \text{odd}}nE_{n}
\end{equation}
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\operatorname

2.12 Operator names

By default variables are written in italic and operator names in upright mode, like
y = sin(x)El This happens only for the known operator names, but creating a
new one is very easy with:

Now \mysin is also written in upright \usepackage{amsmath}

mode: y = mysin(x)

\newcommand\mysin{\operatorname{mysin}}

Now \verb|\mysin| is also
written in upright mode:
$y=\mysin(x)$
The new operator also has the default additional space before and behind. It

is obvious, that only those names can be defined as new operator names which
are not commands in another way. Instead of using the new definition as an
operator, it is also possible to use the text mode. But it is better to have all
operators of the same type, so that changing the style will have an effect for all
operators.

The new defined operator names cannot have limits, only superscript/sub-

\operatornamewithligdtipt is possible. amsopn. sty has an additional command \operatornamewithTimits,

\mathop

\text

\mbox
\textnormal
\mathrm
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which supports over/under limits like the one from \int or \sum.
It is also possible to use the macro \mathop to declare anything as operator,
like

1B \usepackage{amsmath}
\newcommand\mysin{\operatorname{mysin}}

\[
\sideset{ 1}{}{\mathop{\mathrm{B}}}
\
With this definition it is possible to use \sideset for a forgoing index, which

is only possible for an operator. For a real IAIgX definition have a look at

Secction TG on page 35

2.13 Text in math mode

If you need complex structures between formulas, look also at section[7.7]

2.13.1 \text command

This is the equivalent command to \mathrm or \mbox from the standard IATEX
(Section|[1.9 on page 23) with the exception, that \mathrm always uses the roman
font and \text the actual one and that the font size is different when used in
super- and subscript.

\usepackage{amsmath}

$\boxed{f (x)=x\quad\text{this is text in math}}$

\par\medskip\sffamily\huge

$A~{\mbox{text}} {\mbox{text}}$\quad $A~{\text{text}} {\text{text}}$\quad
$A*{\textnormal{text}} {\textnormal{text}}$\quad $A~{\mathrm{text}} {\mathrm{text}}$

8See section[1.16 on page 35| where all the standard IATgX known operator names are listed.

Package AASmath has some more (see documentation).




2.13 Text in math mode

’f(x) = x thisis textin math‘

Atext Atext Atext Atext

text text text text

The \text macro can be used at any place and can be in some cases a better
solution as \intertext (see section [2.13.2).

\usepackage{amsmath}
\begin{flalignx}
&& 12(x-1) + 20(y-3) + 14(z-2) & = 0 &&\\
\text{and} & 6x + 10y + 72 & = 0 &&
\end{flalign*}
\begin{align}
& 12(x-1) + 20(y-3) + 14(z-2) & = 0\\
\text{and} && 6x + 10y + 72 & = 0
\end{align}
12(x—1)+20(y —3)+14(z—-2) =0
and 6x+ 10y +7z=0
12(x—1)+20(y—3)+14(z—-2)=0 (1)
and 6x+ 10y +7z=0 (2)

2.13.2 \intertext command

This is useful when you want to place some text between two parts of math stuff
without leaving the math mode, like the name \intertext says. For example we
write the Equation |02-13-03|with an additional command after the second line.

\usepackage{amsmath}

\[
\begin{split}
A {1} & = \left] \int {0}"{1}(f(x)-g(x))\,\mathrm{d}x\right|
+\left]| \int {1}"{2}(g(x)-h(x))\,\mathrm{d}x\right| \\
& = \left| \int _{0}"{1}(x*{2}-3x)\,\mathrm{d}x\right|
+\left| \int {1}7{2} (x*{2}-5x+6)\,\mathrm{d}x\right| \\
\intertext{Now the limits of the integrals are used}
& = \left| \frac{x*{3}}{3}-\frac{3}{2}x"{2}\right| {0}~{1}
\left]| \frac{x*{3}}{3}-\frac{5}{2}x {2}+6x\right| {1}"{2}\\
& = \left| \frac{1}{3}-\frac{3}{2}\right| +\left| \frac{8}{3}-\frac{20}{2}+12-
\left( \frac{1}{3}-\frac{5}{2}+6\right) \right| \\
& = \left| -\frac{7}{6}\right| +\left| \frac{14}{3}-\frac{23}{6}\right| =\frac{7}{6}+
\frac{5}{6}=2\, \textrm{FE}
\end{split}
\]
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A = ‘ [ (60 - g ds

1 2
/ (x* —3x)dx / (x* =5x +6)dx
0 1

Now the limits of the integrals are used

+

[ (g(x) — h(x)) dx

+

1 2

® 5,
+|— — —x"+6x
3 2 1

1 3 8 20 1 5
=--Zl+c-Z+12—-(-->+6
sa+f-Fee-(-3+9)
14 23 7 5
— - Z|=Z+>=2FE
3 6 6 6
Writing very long text is possible by using a \parbox, see section

for an example with \textrm, which behaves in the same way as \text.

2.14 Extensible arrows

above the arrow

\xrightarrow To write something like
\xleftarrow
\xmapsto

you can use the following macro
below

[\xrightarrow [below] {above the arrow} }

and the same with \xleftarrow. You can define your own extensible arrow
macros if you need other than these two predefined ones. To get a doublelined
extensible arrow like \Longleftrightarrow (<) but with the same behaviour
as an extensible one, create the commands derived from the existing:
\xLongLeftRightArrow [below] {above the arrow}

\xlongleftrightarrow [below] {above the arrow} ‘

\usepackage{amsmath}

\makeatletter

\newcommand\xLongLeftRightArrow[2][]{\ext@arrow 0055{\LongLeftRightArrowfill@}{#1}{#2}}
\def\LongLeftRightArrowfill@{\arrowfill@\Leftarrow\Relbar\Rightarrow}
\newcommand\xlongleftrightarrow[2][]{\ext@arrow 0055{\longleftrightarrowfill@}{#1}{#2}}
\def\longleftrightarrowfill@{\arrowfill@\leftarrow\relbar\rightarrow}

\makeatother

$\xlongleftrightarrow[\text{below}]{\text{above the arrow}}$
$\xLongLeftRightArrow[\text{below}]{\text{above the arrow}}$

above the arrow above the arrow
02-14-01

below below

The three parts \Leftarrow\Relbar\Rightarrow define leftimiddle|right of
the arrow, where the middle part would be stretched in a way that the arrow is at
least as long as the text above and/or below it. This macro has one optional and
one standard parameter. The optional one is written below and the standard
one above this arrow. The “number” 0055 after \ext@arrow defines the position
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relative to the extended arrow and is not a number but four parameters for
additional space in the math unit mu.

\usepackage{amsmath}
\makeatletter
\def\mapstofill@{%
\arrowfill@{\mapstochar\relbar}\relbar\rightarrow}
\newcommand+\xmapsto[6] []{%
\ext@arrow #3#4#5#6\mapstofill@{#1}{#2}}
\makeatother

\verb+$\ext@arrow 0000$+\quad{\huge $\xmapsto[\fbox{under}]1{\fbox{over}}0000$}\par
\verb+$\ext@arrow 9000$+\quad{\huge $\xmapsto[\fbox{under}]{\fbox{over}}9000$}\par
\verb+$\ext@arrow 0900$+\quad{\huge $\xmapsto[\fbox{under}]{\fbox{over}}0900$}\par
\verb+$\ext@arrow 0009$+\quad{\huge $\xmapsto[\fbox{under}]{\fbox{over}}0009$}\par
\verb+$\ext@arrow 0090$+\quad{\huge $\xmapsto[\fbox{under}]{\fbox{over}}0090$}\par
\verb+$\ext@arrow 0099$+\quad{\huge $\xmapsto[\fbox{under}]1{\fbox{over}}0099$}\par
\verb+$\ext@arrow 9999$+\quad{\huge $\xmapsto[\fbox{under}]{\fbox{over}}9999$}

over
$\ext@arrow 0000$ ,—>

over
$\ext@arrow 9000% ., ———>

$\ext@arrow 0900% >

$\ext@arrow 0009% >

$\ext@arrow 0090% >

|

$\ext@arrow 0099%

I. E «
N 1)
i

$\ext@arrow 9999%

> 1st digit: space left

2nd digit: space right

3rd digit: space left and right

4th digit: space relativ to the tip of the “arrow”

The two macros \xrightarrow and \xleftarrow are defined as:

\newcommand\xrightarrow[2] []{\ext@arrow 0359\rightarrowfill@{#1}{#2}}
\newcommand\xTeftarrow[2] []1{\ext@arrow 3095\T1eftarrowfill@{#1}{#2}}

v v Vv
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2.15 Frames

\boxed Ap Smath knows the macro \boxed which can be used for inline a and
displayed math expressions:

x2 \begin{align}
\boxed{f(x)=\int_1*{\infty}\frac{1}{x"2}\,\mathrm{d}x=1}
\end{align}

For coloured boxes use package empheq from Morten Hogholm and Lars
Madsen. For an example see section4.1.11 on page 93| Important is the fact
that the \boxed command cannot include a column specifier & In such a case
you need some tricky code.

) \usepackage{amsmath}
1 15
f(x):/ —dx=1| (1) 021501
1

2.16 Greek letters

\pnb The Ap4Smath package simulates a bold font for the greek letters by writing
\boldsymbol a greek character twice with a small kerning. This is done with the macro
\pmb{ <letter>}. The \mathbf{ <character>} doesn’t work with lower greek
character. However, using the \boldsymbol macro from Ap4Smath is the better
way when the font has a bold symbol.
Uppercase greek letters are by default in upright mode. .4p4Smath supports
also such letters in italic mode with a preceeding var e.g., \varGamma

letter \pmb{letter} \boldsymbol{letter} ‘ letter italic

D~

~ PTINNM M I ™R
~ PSS\ M M IR H™KR
~ LI M M IR ™R
O <M-dII > @ >

LDERRSRMOn~

2.17 Miscellaneous commands

\overset There are several commands which can be used in math mode: Some examples
\underset are shown in Table[2.17 on the next pagel

\underset is a useful macro for having limits under non-operators (see

page . \boldsymbo1 can be used for a math symbol that remains unaffected

by \mathbf if the current math font set includes a bold version of that symbol.
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2.18 Problems with amsmath

$\underset{under}{baseline}$ | baseline

under
over

$\overset{over}{baseline}$ | baseline

$\boldsymbo1{\Omega}$ |

2.18 Problems with amsmath

Table 2.5: Different mathcommands

AprSmath is an excellent package with some “funny features”. When using an
align environment inside a gather environment, it should be centered just like
the other lines. This is only true, when there is a number/tag or an additional

ampersand:

\usepackage{amsmath}

\begin{gatherx}
\begin{alignx}
m2& m2" +m2""\\
& \frac{V 2'}{v 2"} + \frac{V 2""}{v 2""}
\end{align*}\\
\Rightarrow m 2 v 2" =V -V 2"" + V_2""\frac{v_2"}{v_2""}\\
\end{gatherx}
\begin{gatherx}
\begin{alignx}
m2& m2" +m2""\\
&= \frac{V 2'}{v 2'} + \frac{V 2''}{v 2''} & %<<<====
\end{align*}\\
\Rightarrow m 2 v 2’ =V -V 2"" + V 2""\frac{v 2" }{v 2""}N\\
\end{gatherx}

/
my =m, +m

v
7
v/
4 '/ 7 72
=>m202=V—V2' +V2,y
2

my = my + my)
A

/ 77
Uy Uy

7/
b

=Smu, =V -V + V=

a
2

4
VZ

’/
)

This effect depends to the horizontal w;dth, which is wrong in the first
example, in fact of a missing tag or number the right whitespace is cut, but the
left one is still there. The additional ampersand prevents .Ap4Smath to change
the right margin. Another kind of curiousity is the following example, which
depends to the same problem of cutting whitespace only on one side.

\usepackage{amsmath}
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\fbox{%
\begin{minipage}{10cm}
\begin{align*}

a&=b \\ c&=d
\end{alignx}
\end{minipage}}

\noindent\fbox{%
\begin{minipage}{10cm}
\noindent\begin{align*}

a&=b \\ c&=d

\end{align#}

\end{minipage}}
a=b
CcC =
a=b
CcC =
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TegX and math

3.1 |Length registersl ................................... 73

3.2 [Math font macros|. . . ......... ... oL 77

3.3 Math macros|. . . .o oo e 82
3.4 [Math penalties|. . . . . ... e 85

There is in general no need to use the TgX macros, because the ones defined
with IATEX or with Ap4Smath are much more useful. Nevertheless there may be
situations, where someone has to use one of the TgX macros or special TgX math
length. One can not expect, that all macros work in the usual way, a lot of them
are redefined by IATgX or 4p(Smath. On the other hand some of these basic
macros or length definitions are used in the TgX way, so it might be interesting
to have all declared in a short way for some information.

3.1 Length registers

3.1.1 \abovedisplayshortskip
A length with glue, see section[I.11.5]for an example.

3.1.2 \abovedisplayskip
A length with glue, see section[I.11.5]for an example.

3.1.3 \belowdisplayshortskip
A length with glue, see section|[1.11.5|for an example.

3.1.4 \belowdisplayskip
A length with glue, see section[I.11.5]for an example.
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3.1.5 \delimiterfactor

The height of a delimiter is often not optimally calculated by TgX. In some
cases it is too short. With \delimiterfactor one can correct this height. The
delimiterheight is < calculated height >
parameter of \delimiterfactor. The default value is 901.

\[
y = \left\{\begin{array}{11}
x"2+2x & \textrm{if }x<0,\\ x"3 & \textrm{if }0\le x<I1,\\
x*2+x & \textrm{if }I\le x<2,\\ x"3-x"2 & \textrm{if }2\le x.
\end{array}\right.
\]
\[

\delimiterfactor=1500
y = \left\{\begin{array}{11}

x"2+2x & \textrm{if }x<0,\\ x"3 & \textrm{if }0\le x<I1,\\
x*2+x & \textrm{if }I\le x<2,\\ x"3-x"2 & \textrm{if }2\le x.

\end{array}%
\right.
\]

x% + 2x
X2+ x

x3 —x?

x% 4+ 2x

X2+ x
x3 —x?

3.1.6 \delimitershortfall

Additionally to the forgoing \delimiterfactor one can modify the height of the
delimiter with another value. TgX makes the delimiter larger than the values of
< calculated height > - < delimiterfactor > /1000 and < calculated height >
— < delimitershortfall >. This makes it possible to always get different heights

of a sequence of delimiters.

$ x\cdot\left (\left(x"2-y*2\right)-3\right)$

x-((x=y") -3)

x-((xz—yz)—?))

(4
((c)
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\bigskip

3.1.7 \displayindent

This is the left shift amount of a line holding displayed equation. By default it is
Opt but gets the value of an indented paragraph when there is an environment

if x <0,
ifo<x<1,
if1<x<2,
if 2 < x.

if x <0,
ifo<x<1,
if1<x<2,
if 2 < x.

$ \delimitershortfall-1pt
x\cdot\left(\left(x*2-y~2\right)-3\right)$
$\left(\left(\left(A\right)\right)\right)$

$ \delimitershortfall-Ipt
\left(\left(\left(A\right)\right)\right)$

- < #1 > /1000 where #1 is the



3.1 Length registers

like the quotation one. The following formula is typeset in the usual way without
modifying anything.

sin X

f(x) :J dx

Now we start a quotation environment which sets \Tabelwidth to new values
for a greater left margin.
> The following formula is typeset in the usual way without modifying
anything.

sin X

f(x) =J dx

> Now we write the same equation, but now with modifying \dispTlayindent,
it is set to the negative \Teftskip:

. \[
f(x)—/ sinx \displayindent=—\labelwidth

f(x) = \int \frac{\sin x}{x}\,\mathrm{d}x
\]

3.1.8 \displaywidth
The width of the line holding a displayed equation, which is by default
\Tinewidth. In the second example the formula is centered for a display
width of 0.5\Tinewidth.

\[
sin x f(x) = \int \frac{\sin x}{x}\,\mathrm{d}x
fw= [ e |
\[
sin x \displaywidth=0.5\1inewidth
f(x) =/ dx f(x) = \int \frac{\sin x}{x}\,\mathrn{d}x

Y

3.1.9 \mathsurround

Extra space added when switching in and out of the inline math mode (see
section|1.2.7).

3.1.10 \medmuskip
See section[I.11.1] for an example.

3.1.11 \mkern

Similiar to \kern, but adds a math kern item to the current math list. Length
must be a math unit.

3.1.12 \mskip

Similiar to \skip, but adds math glue to the current math list. Length must be a
math unit.
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3.1.13 \muskip

Assigns a length with a math unit to one of the 256 \muskip register.

3.1.14 \muskipdef

Defines a symbolic name for a \muskip register.

3.1.15 \nonscript

Ignores immediately following glue or kern in script and scriptscript styles,
which makes a redefinition of \mathchoice superfluous.

3.1.16 \nulldelimiterspace

This is the width of a null or missing delimiter, e.g. \right. or for the left one.

3.1.17 \predisplaysize

Is the effective width of the line preceeding a displayed equation, whether
\abovedisplayskip or \abovedisplayshortskip is used for the vertical skip.

3.1.18 \scriptspace
The space inserted after an exponent or index, predefined as \scriptspace=0.5pt

3.1.19 \thickmuskip
See section [[LI1.1]

3.1.20 \thinmuskip

The short version for positive skip is defined as \def\, {\mskip\thinmuskip}
and the one for a negative skip as \def\! {\mskip-\thinmuskip} (see also Sec-

tion|(L.11.1).
\/7 \[ﬁ $\sqrt 2 x$ —— $\sqrt 2\,x$\\

2x — \J2x $\sqrt{\log x}$ —- $\sqrt{\,\log x}$\\

/logx _ 'logx $P\left({1/\sqrt n}\right)$ —

$P\left({1/ \sqrt n}\,\right)$\\[8pt]
P(1/ym) - P(1/n) $10,1)$ — $0\,8,1)$\\
"2/2$ — $x"2\!/2

[0,1)-[0,1) $x°2/2% $x 2\1/2$\\
x2/2 - x?/2
\[\int\int D \mathrm{d}x\mathrm{d}y \quad \int\!\int D \mathrm{d}x\,\mathrm{d}y\]

\[\int\'\"\int D \mathrm{d}x\,\,\mathrm{d}y \quad\int\!\!\!\int D \mathrm{d}x\,\,\,\mathrm{d}y\]
A\Int\'\NININN\int D \mathrm{d}x\,\,\,\,\mathrm{d}y \quad

\Int\I\NINVININI\Int D \mathrm{d}x\,\,\,\,\,\mathrm{d}y\]
\[\int\'\"\'\int D \mathrm{d}x\,\mathrm{d}y\]
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[ fmo ] fo

//dxdy / dx dy

//dx dy /dx dy
/Ddxdy

3.1.21 \medmuskip
See section[I.11.1]

3.2 Math font macros
3.2.1 \delcode

Each character has not only a \catcode and \mathcode but also a \delcode which

defines for a single chracter how it should look when used as a math delimiter.

3.2.2 \delimiter

\delimiterEvery character can be declared as a delimiter, but TgX must know
which characters should be used for the default and the big size. For IATgX the
macro \DeclareMathDelimiter should be used (see section[I.8:3 on page 22).

In the following example \tdelais the character 0x22 (1) from font number

2 (csmy) and character 0x78 from font number 3 (cmex) for the big version.

\tdelb is the same vice versa ().

\def\tdela{\delimiter”4222378\relax}
\def\tdelb{\delimiter”5223379\relax}

$\tdela x-y\tdelb(x+y)=x"2-y"2$
\[\tdela\sum {n=0}"\infty {I\over2*n}\tdelb™2 = 4\]

%

\[\left\tdela\sum {n=0}"\infty {1\over2”n}\right\tdelb”2 = 4\]
2x—yS(x+y)=x2—y*?

N
M

3
]
=}

Al
M

=
Ii
=]

82—
“:::——73
Il
S

3.2.3 \displaystyle

See section for an example.
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3.2.4 \fam

When TgX switches into the math mode, it typesets everything using one of the
16 possible families of fonts. \fam is an internal register where other macros
can check which font is the actual one. At the beginning TgX starts with \fam=-1.

\usepackage[T1]{fontenc}
\usepackage{kpfonts}

\begin{tabular}{11}
\verb+\fam=-1+ & $\fam=-1 123abcABC\alpha\beta\gamma$\\

\verb+\fam=0+
\verb+\fam=1+
\verb+\fam=2+
\verb+\fam=3+
\verb+\fam=4+
\verb+\fam=5+
\verb+\fam=6+
\verb+\fam=7+
\verb+\fam=8+
\end{tabular}

& $\fam=0
& $\fam=1
& $\fam=2
& $\fam=3
& $\fam=4
& $\fam=5
& $\fam=6
& $\fam=7
& $\fam=8

123abcABC\alpha\beta\gamma$\\
123abcABC\alpha\beta\gamma$\\
123abcABC\alpha\beta\gamma$\\
123abcABC\alpha\beta\gamma$\\
123abcABC\alpha\beta\gamma$\\
123abcABC\alpha\beta\gamma$\\
123abcABC\alpha\beta\gamma$\\
123abcABC\alpha\beta\gamma$\\
123abcABC\alpha\beta\gamma$

\fam=-1 123abcABCapy
\fam=0  123abcABCapy
\fam=1  123abcABCapfy
\fam=2  ocoea|JABCaBy

\fam=3 \M , aBy

\fam=4  abcABCapy
\fam=5  123abcABCapy
\fam=6  123abcABCapfy
\fam=7  abcABCapy
\fam=8  ><>-~e3T><afy

$\mathrm{123abcABC\alpha\beta\gamma (\the\fam)}$\\[5pt]
$\mathbf{123abcABC\alpha\beta\gamma (\the\fam)}$\\[5pt]
$\mathit{123abcABC\alpha\beta\gamma (\the\fam)}$\\[5pt]
$\mathtt{123abcABC\alpha\beta\gamma (\the\fam)}$\\[5pt]
$\mathsf{123abcABC\alpha\beta\gamma (\the\fam)}$\\[5pt]
$\mathnormal{123abcABC\alpha\beta\gamma (\the\fam)}$

123abcABCafy(0)
123abcABCapfy(5)
123abcABCafy(1)
123abcABCafy(7)
123abcABCafy(8)
123abcABCafy(1)

3.2.5 \mathaccent

Requires three parameter as one number, the class, the font family and the

character.

A

\def\dA{\mathaccent”7015\relax}
\Large $\dA{A}$



3.2 Math font macros

3.2.6 \mathbin

Declares a following character as a binary symbol with another spacing before
and behind such a symbol.

(1|l7 a | l; \def\dA{\mathaccent”7015\relax}

\Large
$alb \quad a\mathbin| b$

3.2.7 \mathchar

Declares a math character by three integer numbers as Parameters, giving its
class, font family, and font position. In the following example \mathchar defines
a character of class 1 (big operators), font family 3 (math extension font) and
number 58 (big sum character).

© \def\dA{\mathaccent”7015\relax}
o \Large
a Z b a b $ a\sum\limits {i=1}*{\infty} b \quad

a\mathchar”1358\limits {i=1}"{\infty} b $

3.2.8 \mathchardef

This is in principle the same as \mathchar, it only allows to make such definitions
permanent.

\bgroup
® \mathchardef\sum="1358
. sa\sum\limits {i=1}"{\infty}\sqrt{i+1}$\\[5pt]
a<\/l+l \egroup
i=1

$a\sum\limits {i=1}"{\infty}\sqrt{i+1}$

ay Ji+1
i=1

3.2.9 \mathchoice

Specifies specific subformula sizes for the 4 main styles:
\displaystyle - \textstyle - \scriptstyle - \scriptscriptstyle.

\usepackage{xcolor}
\def\myRule{{\color{red}%
\mathchoice{\rule{2pt}{20pt}}{\rule{1lpt}{10pt}}%
{\rule{0.5pt}{5pt}}{\rule{0.25pt}{2.5pt} }\mkern2mu}}

\Large

$\myRule\sum\limits {\myRule i=1}~{\myRule\infty}%
\myRule\frac{\myRule\sqrt{\myRule i+1}}{\myRule i"2}$

=)
IyIi+1
|y, 1

li=1
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3.2.10 \mathclose
Assigns class 5 (closing character) to the following parameter, which can hold a
single character or a subformula.
B \large
A:2:D $A:\frac{B}{C}:D$\\[5pt] —
¢ $A\mathopen:\frac{B}{C}\mathclose: D $

.B.
A:2:D

3.2.11 \mathcode

A math font is far different from a text font. A lot of the characters has to be
defined with \mathcode, which defines the character with its class, font family
and character number, e.g. \mathcode ‘\<="313C. It defines the character “<” as
a realtion symbol (class 3) from the font family 1 and the character number
0x3C, which is 60 decimal.

3.2.12 \mathop
Assigns class 1 (large operator) to the parameter, which can be a single character

or a subformula.
\[ A_{i=1}"{\infty} \]

Ay \[ \mathop{A}_{i=1}"{\infty} \]

8

Il
—_

3.2.13 \mathopen
Vice versa to \mathclose (see section|[3.2.10).

3.2.14 \mathord
Assigns class 0 (ordinary character) to the following parameter, which can be a
single character or a subformula.
\large
y= f(X) : § zm;i:;rd: f(x) :\\[SP'E]
y=fx)

3.2.15 \mathpunct

Assigns class 6 (punctuation) to the following parameter, which can be a single
character or a subformula (see section|1.11.4]{for an example).

3.2.16 \mathrel

Assigns class 3 (relation) to the following parameter, which can be a single

character or a subformula.
\large

X10X,0X3 $x 10 x 2 0 x 3$\\[5pt] -
$x_1\mathrel o x 2\mathrel o x 3% 03:02:12
X1 0 X2 0 X3



3.2 Math font macros

3.2.17 \scriptfont

Specifies the scriptstyle font (used for super/subscript) for a family.

Aq Al % run with tex

3.2.18 \scriptscriptfont
Specifies the scriptscriptstyle font for a family.

3.2.19 \scriptscriptstyle
Selects scriptscript style for the following characters.

3.2.20 \scriptstyle

Selects script style for the following characters.

3.2.21 \skew

Especially for italic characters double accents are often misplaced. \skew has

three arguments

horizontal shift: A value in math units for the additional shift of the accent.

the accent: The symbol which is placed above the character.

the character: This is in general a single character, but can also include itself
an accent.

ApnSmath redefines the setting of double accents. This is the reason why
there are only a few cases where someone has to use \skew when the package
amsmath is loaded, like in this document.

N . \large
i A $\tilde i$ \qquad $\tilde{A}$\\[5pt]

N $\skew{3}{\tilde}{i}$ \qquad
i A $\skew{7}{\tilde}{A}$

3.2.22 \skewchar

Is -1 or the character (reference symbol) used to fine-tune the positioning of
math accents.

3.2.23 \textfont

Specifies the text font for a family.

3.2.24 \textstyle

Selects the text style for the following characters.
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3.3 Math macros
3.3.1 \alzove $a\aboveOpt b$\\[8pt]

b ${a\abovelpt b}$\\[8pt] rey
${a\above2.5pt b}$\\[8pt]

$\displaystyle{a\aboveOpt b}$

S B

S Ti=

3.3.2 \abovewithdeli ms\def\fdelimA{\abovewithdelims\{)1.0pt}

a \def\fdelimB{\abovewithdelims[]2.0pt}
(b) \def\fdelimC{\abovewithdelims\{.0pt}
{1) $a\abovewithdelims()Opt b$\\[8pt]
b ${a\fdelimA b}$ \\[8pt]
a ${a\fdelimB b}$ \\[8pt]
[Z] $\displaystyle{a\fdelinC b}$

K

3.3.3 \atop

$a\atop bs \\[8pt]
b $({n \atop k}) = -03-
{n"\abovelpt k!(n-k)!}$\\[8pt]
(= #lk)l $\displaystyle{a\atop b}$
a
b

3.3.4 \atopwithdelims _ ,
$a\atopwithdelims() b$ \\[8pt]

a . .
${n \atopwithdelims() k}
(b) = {n"\abovelpt k!(n-k)!}$\\[8pt]
(n) _ _n $\displaystyle{a\atopwithdelims\{. b}$
k) 7 kl(n—k)!

K

3.3.5 \displaylimits

Resets the conventions for using limits with operators to the standard for the
used environment.

3.3.6 \egno

Puts an equation number at the right margin, the parameter can hold anything.
\eqno places only the parameter, but doesn’t increase any equation counter.

y = f(a:) % run with (‘@12)
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3.3.7 \everydisplay

Inserts the parameter at the start of every switch to display math mode.

sin x \usepackage{xcolor}
flx) = X dx \everydisplay{\color{red}}
\[ f(x) = \int \frac{\sin x}{x}\,\mathrm{d}x \]
sin? x \[ g(x) = \int \frac{\sin*2 x}{x"2}\,\mathrm{d}x \]
§(x) = / ol

3.3.8 \everymath

Same as , but now for the inline mode. In the following example the displaystyle
is used (besides using color red) for every inline math expression.

sin x \usepackage{xcolor}
flo) = X dx \everymath{\color{red}\displaystyle}
) \[
sin x =\i i
Instead of now with \1]‘(><) \int\frac{\sin x}{x}\,\mathrm{d}x
COS X * Instead of $\frac{\sin x}{x}$
P now with $\frac{\cos x}{x}$:
\[
Cos X g(x)=\int\frac{\cos x}{x}\,\mathrm{d}x
gx) = / dx \]

Pay attention for side effects on footnotes and other macros which use the
math mode for superscript and other math related modes. In this case you'll
get the footnotes also in red.

3.3.9 \left

TgX calculates the size of the following delimiter needed at the left side of a
formula. Requires an additional \right.

3.3.10 \legno

Vice versa to \egno (see section[3.3.6 on the preceding page).

3.3.11 \Timits
Typesets limits above and/or below operators (see section [I.6 on page 16).

3.3.12 \mathinner

Defines the following parameter as subformula.

3.3.13 \nolimits

The opposite of \Timits, instead of above/below limits are placed to the right
of large operators (class 1).
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3.3.14 \over

Is equivalent to the fraction macro of IAIgX and equivalent to the \overwithdelims,

see section|3.3.10]

$ {a\over b} \qquad
{{m\over n}\over{a+h}} $
\[ {m\over n}\over{a+b} \]

=12

[SHE
i~

5
ol

S [3

a+b

3.3.15 \overline

Puts a line over the following character or subformula and has the same problems

with different heights as underlines (see section(3.3.19).

$\overline{x}+\overline{y}=\overline{z}$\\

X+ry=z \let\ol\overline
X+A=7Z $ \ol{x}+\ol{A}=\ol{z} $\\[5pt]
_ _ _ \def\yPh{\vphantom{A}}
x+A=z $ \ol{x\yPh}+\ol{A}=\ol{z\yPh} $

3.3.16 \overwithdelims

Is a generalized fraction command with preset fraction bar thickness.

$ {a\overwithdelims() b} \qquad

(ﬂ) [ I ] {{m\over n}\overwithdelims[]{a+b}} $
b a+b \[
m {{m\over n}\overwithdelims\{.{a+b}}
n \]
{a +b

3.3.17 \radical

Makes a radical atom from the delimiter (27-bit number) and the math field.

\def\mySqrt{\radical”0270371\relax}
$ \mySqrt{\frac{1}{7}} $\\[5pt]
\def\mySqrt{\radical”0270372\relax}
$ \mySqrt{\frac{1}{7}} $\\[5pt]
\def\mySqrt{\radical”0270373\relax}
$ \mySqrt{\frac{1}{7}} $\\[5pt]
\def\mySqrt{\radical”0270374\relax}
$ \mySqrt{\frac{1}{7}} $\\[5pt]

-
-

<-m

<-Il
=

3.3.18 \right

Opposite to \Teft, makes TgX calculate the size of the delimiter needed at the

right of a formula.



3.4 Math penalties

3.3.19 \underline

When there is a combination of variables with and without an index, the under-
lines are typeset with a different depth. Using \vphantom in this case is a good
choice.

$\underline{x}+\underline{y}=\underline{z}$\\

x+y=z \let\ul\underline
Xty=z \def\yPh{\vphantom{y}}
X+ V=2 $ \ul{x\yPh} + \ul{y} = \ul{z\yPh} $\\

- = - $\ul{x 1} + \ul{y 2} =\ul{z 3} $

3.3.20 \vcenter

Centers vertical material with respect to the axis.

3.4 Math penalties
3.4.1 \binoppenalty

A penalty for breaking math expressions between lines in a paragraph. TeX
breaks lines only when the binary symbol is not the last one and when the
penalty is below 10,000.

3.4.2 \displaywidowpenalty
The penalty which is added after the penultimate line immediately preceeding a
display math formula.

3.4.3 \postdisplaypenalty
Is added immediately after a math display ends.

3.4.4 \predisplaypenalty

Is added immediately before a math display starts.

3.4.5 \relpenalty

The penalty for a line break after a relation symbol (if a break is possible).
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Chapter 4

Other math related
packages

4.1 |List of available math packages|

The following sections are not a replacement for the package documentation!

4.1 List of available math packages

accents
amsbsy
amslatex
amspptl
amstex (Plain TeX)
bitfield

cases
doublestroke
eqgnarray
icomma
mathematica
numprint

alphalph
amscd
amsltx11
amsproc
amstext
brclc
comma
easyeqn
esvect
leftidx
mil3
random

amsart
amscls
amsmath
amssym (plain TeX)
amsthm
bregn
datenumber
easybmat
fixmath
mathdots
mtbhe
romannum

amsbook
amsfonts
amsppt
amssymb (LaTeX)
bez123
cancel
diagxy
easymat
ftlpoint
mathtools
Nath:
TeXaide

The following examples depend on the listed versions of the packages:


http://mirror.ctan.org/help/Catalogue/entries/accents.html
http://mirror.ctan.org/help/Catalogue/entries/alphalph.html
http://mirror.ctan.org/help/Catalogue/entries/amsart.html
http://mirror.ctan.org/help/Catalogue/entries/amsbook.html
http://mirror.ctan.org//help/Catalogue/entries/amsbsy.html
http://mirror.ctan.org//help/Catalogue/entries/amscd.html
http://mirror.ctan.org//help/Catalogue/entries/amscls.html
http://mirror.ctan.org//help/Catalogue/entries/amsfonts.html
http://mirror.ctan.org//help/Catalogue/entries/amslatex.html
http://mirror.ctan.org//help/Catalogue/entries/amsltx11.html
http://mirror.ctan.org//help/Catalogue/entries/amsmath.html
http://mirror.ctan.org//help/Catalogue/entries/amsppt.html
http://mirror.ctan.org//help/Catalogue/entries/amsppt1.html
http://mirror.ctan.org//help/Catalogue/entries/amsproc.html
http://mirror.ctan.org//help/Catalogue/entries/amssym.html
http://mirror.ctan.org//help/Catalogue/entries/amssymb.html
http://mirror.ctan.org//help/Catalogue/entries/amstex.html
http://mirror.ctan.org//help/Catalogue/entries/amstext.html
http://mirror.ctan.org//help/Catalogue/entries/amsthm.html
http://mirror.ctan.org//help/Catalogue/entries/bez123.html
http://mirror.ctan.org//help/Catalogue/entries/bitfield.html
http://mirror.ctan.org//help/Catalogue/entries/brclc.html
http://mirror.ctan.org//help/Catalogue/entries/breqn.html
http://mirror.ctan.org//help/Catalogue/entries/cancel.html
http://mirror.ctan.org//help/Catalogue/entries/cases.html
http://mirror.ctan.org//help/Catalogue/entries/comma.html
http://mirror.ctan.org//help/Catalogue/entries/datenumber.html
http://mirror.ctan.org//help/Catalogue/entries/diagxy.html
http://mirror.ctan.org//help/Catalogue/entries/doublestroke.html
http://mirror.ctan.org//help/Catalogue/entries/easyeqn.html
http://mirror.ctan.org//help/Catalogue/entries/easybmat.html
http://mirror.ctan.org//help/Catalogue/entries/easymat.html
http://mirror.ctan.org//help/Catalogue/entries/eqnarray.html
http://mirror.ctan.org//help/Catalogue/entries/esvect.html
http://mirror.ctan.org//help/Catalogue/entries/fixmath.html
http://mirror.ctan.org//help/Catalogue/entries/fltpoint.html
http://mirror.ctan.org//help/Catalogue/entries/icomma.html
http://mirror.ctan.org//help/Catalogue/entries/leftidx.html
http://mirror.ctan.org//help/Catalogue/entries/mathdots.html
http://mirror.ctan.org//help/Catalogue/entries/mathtools.html
http://mirror.ctan.org//help/Catalogue/entries/mathematica.html
http://mirror.ctan.org//help/Catalogue/entries/mil3.html
http://mirror.ctan.org//help/Catalogue/entries/mtbe.html
http://mirror.ctan.org//help/Catalogue/entries/nath.html
http://mirror.ctan.org//help/Catalogue/entries/numprint.html
http://mirror.ctan.org//help/Catalogue/entries/random.html
http://mirror.ctan.org//help/Catalogue/entries/romannum.html
http://mirror.ctan.org//help/Catalogue/entries/texaide.html
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accents.sty 2006/05/12 v1.3 Math Accent Tools
amscd.sty  1999/11/29 v2.0
amsopn.sty  2016/03/08 v2.02 operator names
bibdelim.sty 2016/10/11 v2.1 big delimiters
bm.sty 2016/07/07 v1.2b Bold Symbol Support (DPC/FMi)
braket.sty 2006/09/12 Macros for notation and sets
cancel.sty 2013/04/12 v2.2 Cancel math terms
cool.sty 2006/12/29 v1.35 COntent Oriented LaTeX
delarray.sty 2014/10/28 v1.01 array delimiter package (DPC)
dotseqn.sty 1995/03/22 v1.1 Dots leading to equation numbers
empheq.sty  2007/12/03 v2.12 Emphasizing equations (MH)
esint.sty 2005/11/20 v1.1 Nice integral symbols (ES)
eucal.sty 2009/06/22 v3.0 Euler script fonts
exscale.sty 2014/09/29 v2.1h Scaling of math expressions
framed.sty 2007/10/04 v 0.95: framed or shaded text with page breaks
pstricks.sty  2004/05/06 v0.2k LaTeX wrapper for ‘PSTricks’ (RN,HV)
pstricks.tex 2010/12/14 v2. ‘PSTricks’ (tvz,hv)
pst-node.tex 2008/11/26 v1.01 PSTricks package for nodes (tvz,hv)
delarray.sty 1994/03/14 v1.01 array delimiter package (DPC)
xypic.sty 1999/02/16 Xy-pic version 3.7
exscale.eps  Graphic file (type veps)

4.1.1 accents

If you want to write for example an underlined M, then you can do it by

M M M \usepackage{amsmath,accents}

\underline{$M$}\quad\underbar{$M$}
\quad$\underaccent{\bar}{M}$

As seen, there is no difference between \underline and \underbar. For some
reasons it may be better to use the accent package from Javier Bezos with the
\underaccents macro if you want it more like an accent.

4.1.2 amscd - commutative diagrams

The amscd package from the IATEX3 project is part of the Ap4Smath bundle and
has no options for the \usepackage command. amscd does not support diagonal
arrows but is much easier to handle than the complex pstricks package or the
xypic package. On the other hand simple diagrams can be written with the
array or look at P. Taylor

\usepackage{amsmath,amscd}

\[
\begin{CD}
R\times S\times T @\text{restriction}>> S\times T \\
@Vprojw @VVprojV \\
R\times S @<<\text{inclusion}< S
\end{CD}
\]
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restriction

II!E!IEEI RxSXxT ——— SxT
prujl lproj

RxS ««— §
inclusion

4.1.3 amsopn

With the amsopn package from the IAIEX3 project it is very easy to declare new
math operators, which are written in upright mode:

Res versus Res \usepackage{amsmath,amsopn}
=P s=p \DeclareMathOperator{\Res}{Res}
$\underset{s=p}{Res}\quad\text{versus}
\quad\underset{s=p}{\Res}$

Table shows the predefined operatornames of amsopn.

\arccos arccos \arcsin arcsin \arctan arctan Table 4.1: The predefined opera-

\arg arg \cos cos \cosh cosh tors of amsopn.sty
\cot cot \coth coth \csc csc
\deg deg \det det \dim dim
\exp exp \gcd ged \hom hom
\inf inf \injTim injlim \ker ker
\1g g \Tim lim \Timinf liminf
\Timsup limsup \1n In \Tog log
\max max \min min \Pr Pr
\projlim projlim \sec sec \sin sin
\sinh sinh \sup sup \tan tan
\tanh tanh

4.1.4 bigdelim

This is a very useful package together with the multirow from AuthorPiet van
Ostrum package. In the following example we need additional parentheses for a
different number of rows. This is also possible with the package array, but not
as easy as with the bigdelim package. The trick is that you need one separate
column for a big delimiter, but with empty cells in all rows, which the delimiter
spans.

\usepackage{amsmath,bigdelim}

\[
\begin{pmatrix}
& x {11} & x {12} & \dots & x {1p} & \rdelim\}{4}{3cm}[some text]\\
\ldelim[{5}{1cm}[text] & x {21} & x {22} & \dots & x {2p} \\
& \vdots\\
& x_{n_1 1}& x_{n_1 2} & \dots & x_{n_1 p}\\
& x_{n 1+1,1}&x {n 1+1,2} & \dots & x _{n_1+1, p} &
\rdelim\}{3}{3cm}[some more text]\\
& \vdots\\
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& x_{n_1+n 2, 1} & x_{n_1+n 2,2} & \dots & x_{n_1+n 2,pH\\

& \vdots \\
\end{pmatrix}
\]
X11 X12 xlp
X21 X922 X2
X P some text
text Xni1 Xn,2 Xnyp
Xni+1,1 Xm+12 -0 Xngt1p
: some more text
xn1+nz,l xn1+n2,2 xn1+nz,p

As seen in the above listing the left big delimiter is placed in the first column,
all other rows start with second column. It is possible to use all columns above
and below the delimiter. For the array there must be two more columns defined,
in case of a big delimiter left and right. The syntax of \T1delim and \rdelim is:
\ldeTlim<delimiter>{<n rows>}{<added horizontal space>}[<text>]
\rdelim<delimiter>{<n rows>}{<added horizontal space>}[<text>]

Any delimiter which is possible for the \Teft or \right command is allowed,
e.g. “O[1{}I”. The text is an optional argument and always typeset in text
mode.

4.1.5 bm

By default the math macro \mathbf writes everything in bold and in upright
mode, but it should be in italic mode especially for variables which is possible
with the package bm from David Carlisle and Frank Mittelbach. For writing a
whole formula in bold have a look at section|1.22 on page 39

y =f(x) and y = f(x) \usepackage{amsmath, bm}
$\mathbf{y=f(x)}$ and $\bm{y=f(x)}$

4.1.6 braket

The package braket from Donald Arseneau provides macros and styles for
writing math expressions inside brakets.

5 \usepackage{amsmath}
xER|0<|x|<§ \[

\left\{ x\in\mathbf{R} |
0<{|x|}<\frac{5}{3}\right\}
\1
The above example looks not quite right and it is not really easy to get the first

vertical line in the same size as the outer braces. Some solution may be using
\vphantom:

5 \usepackage{amsmath}
xeR‘0<|x\<g N

\left\{\vphantom{\frac{5}{3}}

x\in\mathbf{R} \right |

\left. 0<{|x|}<\frac{5}{3F\right\}
\]
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The package braket has the macros

\Bra{<math expression>}
\Ket{<math expression>}
\Braket{<math expression>}
\Set{<math expression>}

and the same with a leading lower letter, which are not really interesting.

5 \usepackage{amsmath,braket}
x€eR0O< x| < =
3 \[ \Bra{x\in\mathbf{R} |

X

5 \[ \Ket{x\in\mathbf{R} |
xeRo<li<] ) conmtib ) |
\[ \Braket{x\in\mathbf{R} |
<x eR|0< < = \[ \Braket{x\in\mathbf{R} |
3 O<\vert x\vert <\frac{5}{3}} \]
5 \[ \Set{x\in\mathbf{R}
<x €ER|0< |x| < §> 0<|x|<\frac{5}{3}} \]

The difference between the \Set and the \Braket macro is the handling of
the vertical lines. In \Set only the first one gets the same size as the braces and
in \Braket all.

\usepackage{amsmath,braket}
Do
9? \]
L] | \
\Set{\phi | \frac{\partial®2}{\partial t"2} | \psi}
\]

0<|x|<\frac{5}{3}} \I
5 >> 0<|x|<\frac{5}{3}} \I
5
{XGR 0<|x\<§}
(92
o
\Braket{\phi | \frac{\partial®2}{\partial t*2} | \psi}
\Bra and \Ket do nothing with the inner vertical lines.

4.1.7 cancel

cancel from Donald Arseneau is a nice package for canceling anything in math-
mode with a slash, backslash or a X, but not with a horizontal line. That must
be defined by the user.

\usepackage{amsmath, cancel,xcolor}
\newcommand\hcancel[2] [black]{\setbox0=\hbox{#2}%
\rlap{\raisebox{.45\ht0}{\textcolor{#1}{\rule{\wd0}{1pt}}}}#2}

$f(x)=\dfrac{\left(x*2+1\right)\cancel{(x-1) }}{\cancel{(x-1) } (x+1) }$\\[0.5cm]
$\bcancel{3}\gquad\bcancel{1234567}$ \qquad $\xcancel{3}\qquad\xcancel{1234567}$
$\hcancel{3}\gqquad\hcancel[red]{1234567}$

(1) 1
IO = e
T234567 X 12345673 1234567

It is no problem to redefine the \cancel macros to get also colored lines. A
horizontal line for single characters is also decribed in section|1.14 on page 32
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4,1.8 cool

The cool package from Nick Setzer defines a lot of special mathematical expres-
sions to use them by the macro name. The following list shows only some of
them, for more informations look at the example file, which comes with the
package.

\usepackage{amsmath, cool}

$\Sin{x} \Cos{x} \Tan{x} \Csc{x} \Sec{x} \Cot{x}$ \par

\Style{ArcTrig=inverse} % the default

$\ArcSin{x} \ArcCos{x} \ArcTan{x}$\par

\Style{ArcTrig=arc}

$\ArcSin{x} \ArcCos{x} \ArcTan{x} \ArcCsc{x} \ArcSec{x} \ArcCot{x}$\par
$\displaystyle\Factorial{n} \DblFactorial{n} \Binomial{n}{k} \Multinomial{i 1,\ldots,i n}$\par
$\GammaFunc{x} \IncGamma{a}{x} \GenIncGamma{a}{x}{y} \RegIncGamma{a}{x} \RegIncGammaInv{a}{x}
\GenRegIncGamma{a}{x}{y} \GenRegIncGammaInv{a}{x}{y} \Pochhammer{a}{n} \LogGamma{x}$ \par
$\Hypergeometric{0}{0}{}{}{x} \Hypergeometric{0}{1}{}{b}{x}$\par

$\RegHypergeometric{0}{0}{}{}{x} \RegHypergeometric{0}{1}{}{b}{x}$\par
$\displaystyle\MeijerG[a,bl{n}{p}{m}{q}{x} \MeijerG{1,2,3,4}{5,6}{3,6,9}{12,15,18,21,24}{x}$ \par
$\RiemannZeta{s} \Zeta{s} \HurwitzZeta{s}{a} \Zeta{s,a} \RiemannSiegelTheta{x} \RiemannSiegelZ{x}

\StieltjesGamma{n} $\par $\MathieuC{a}{q}{z} \MathieuS{a}{q}{z}$\par
$\MathieuCharacteristicA{r}{q} \MathieuCharisticA{r}{q}$\par

$\MathieuCharacteristicB{r}{q} \MathieuCharisticB{r}{q}$\par
$\MathieuCharacteristicExponent{a}{q} \MathieuCharisticExp{a}{q}$

sin(x) cos(x) tan(x) csc(x) sec(x) cot(x)
sin™!(x) cos™!(x) tan~!(x)
arcsin(x) arccos(x) arctan(x) csc™!(x) sec™(x) cot™1(x)

n . . . .
n'n!! P (i1 + o4 insits e in)

I(x)T(a,x)T(a, x,y) Q(a, x) Q7'(a, x) Q(a, x, y) 07'(a, x, y) (a), logl'(x)
oFoG3 ) oFa(; b3 x)
0FoG ;%) oFi( b5 x)
mn A1, ey Any gty -5 Ap 34 1,2,3,4,5,6
Cpa <x‘bl)~~~,bm»bm+lx~~~,bq) Gé’s<x|3,6,9,12,15,18,21,24)
{(s) {(s) {(s,a) £(s, a) 3(x) Z(x) yn
Ce(a, q,z)Se(a, q,z)
a,(q) a-(q)
b,(q) b,(q)
r(a, q) r(a, q)

4.1.9 delarray

Package delarray from David Carlisle supports different delimiters which are
defined together with the beginning of an array:

\begin{array}<delLeft>{cc}<delRight>

defines an array with two centered columns and the delimiters
“<delLeft><delRight>", e.g. “()".

a b \usepackage{delarray}
A= 04-01-12
(¢

\[
A=\begin{array}({cc}]
a&b\\cé&d

\end{array}

\]
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The delarray package expects a pair of delimiters. If you need only one (like
the cases structure) then use the dot for an “empty” delimiter, e. g.

b \usepackage{delarray}
d \[

an{
C

A=\begin{array}\{{cc}.
a&b\\cé&d
\end{array}

\]

which is a useful command for a cases structure without the .45 4Smath package,
which is described in the A\ (Smath part.

4.1.10 dotseqgn

This package from Donald Arseneau fills the space between the math expression
and the equation number with dots. Expect problems when using this package

together with A)Smath.
\usepackage{dotseqn}
\begin{equation} F(x) = \int f(x)\,\mathrm{d}x + C \end{equation}

6

\begin{equation} F(x) = \int 1™\infty f(x)\,\mathrm{d}x=1 \end{equation}

F(x):/f(x)dx+C...................(1)

F(x):/lmf(x)dle....4........4....(2)

4.1.11 empheq

This package from Morten Hogholm and Lars Madsen supports different frames
for math environments of the 45 Smath package. It doesn’t support all the
environments from standard IATgX which are not modified by .Ap4Smath, e. g.
egnarray, which shouldn’t be used anyway.. With the optional argument of the
empheq the preferred box type can be specified. A simple one is \fbox

(1) \begin{empheq} [box=\fbox]{align}
f(x)=\int\limits 1*{\infty}\frac{1}{x*2}\,\mathrm{d}x=1
\end{empheq}

The same is possible with the macro \colorbox:

o0 \usepackage{empheq}
1
flx)= / = dx =1
1

\usepackage{empheq, xcolor}
f(x) = / —dx=1 1) \begin{empheq} [box={\fboxsep=10pt%
1 x?2 \colorbox{yellow}}]{align}
f(x)=\int_1"{\infty}\frac{1}{x*2}\mathrm{d}x=1
\end{empheq}
The key box can hold any possible IATEX command sequence. Boxing sube-

quations is also no problem, the environment empheq works in the same way:
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\usepackage{empheq, xcolor}
04-01-17

(la) \begin{subequations}
\begin{empheq} [box={\fboxsep=10pt%
\colorbox{cyan}}]{align}
(1b) f(x) & \int 1*{\infty}\frac{1}{x 1 \mathrm{d}x=1\\
f(x) & \int_2*{\infty}\frac{1}{x*2}\mathrm{d}x=0.25
\end{empheq}
\end{subequations}

For more information on empheq package have a look at the documentation
of the package which is available at any CTAN server.

4.1.12 esint

The package esint from Eddie Saudrais is a very useful if you want nice double
or triple integral or curve integral symbols. The ones from the wasysym package
are not the best. esint supports the following symbols:

\usepackage[T1]{fontenc} \usepackage{array,esint}

\begin{tabular}{*{10}{>{$\displaystyle}1<{$}}}
\int & \iint & \iiintop & \iiiintop & \dotsintop & \ointop & \oiint & \sgint & \sqiint & \ointctrclockwise\\
\ointclockwise & \varointclockwise &\varointctrclockwise & \fint & \varoiint & \landupint & \landdownint

i
TREE Y

4.1.13 eucal and euscript

These packages from the American Mathematical Society should be part of your
local TiX installation, because they come with the .45 Smath packages. They do
both the same, supporting a scriptwriting of only uppercase letters:

ABCDEFGHIJKLMNOPQRSTUVWXYZ \usepackage[T1]{fontenc}

\usepackage[mathscr]{eucal}
$\mathscr{ABCDEFGHIJKLMNOPQRSTUVWXYZ}$
Read the documentation for the interdependence to the \mathcal command.
For the above example the package eucal was loaded with the option mathscr
which defines only the macro name, in this case \mathscr. Another option maybe
mathcal which defines the macro name \mathcal.

4,1.14 exscale

The package exscale from Frank Mittelbach and Rainer Schopf supports scaling
of math symbols. The following formula is written with the default fontsize
where everything looks more or less well:

\[
\int {-1}*{+1}\frac{f(x)}{\sqrt{1-x*{2}}}\,\mathrm{d}x\approx\frac{\pi}{n}
\sum_{i=1}"{n}f\left(\cos\left(\frac{2i-1}{2n}\right)\right)
\]
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+1 n .
f(x) T 2i—1
M7 dx = =
L PR A Gl G
Writing the same with the fontsize \huge gives a surprising result, which

belongs to the historical development of IATgX, the \int and \sum symbols are
not stretched.

\huge
\[
\int {-1}"{+1N\frac{f(x)}H{\sqrt{1-x*{2}}}\,\mathrm{d}x\approx\frac{\pi}{n}
\sum {i=1}"{n}f\left(\cos\left(\frac{2i-1}{2n}\right)\right)

+1 n .
X JT 21— 1
de ~ = Z £ cos [ ——=
1 1 - x2 n i1 2n

This extreme fontsize is often needed for slides and not only written “just
for fun”. Using the exscale package all symbols get the right size.

\]

\usepackage{exscale}

\huge
\[
\int_{-1}*{+1}\frac{f(x)}{\sqrt{1-x*{2}}}\, \mathrm{d}x\approx\frac{\pi}{n}
\sum {i=1}*{n}f\left(\cos\left(\frac{2i-1}{2n}\right)\right)

“ﬂdxzz " £ ( cos 2i—-1

n i=1 2n

\]

4.1.15 mathtools

This package from Morten Hogholm and Lars Madsen comes with a lot of
additional features for typesetting math code. Sometimes it is useful when only
such equations are numbered which are referenced in the text. This is possible
with the switch showonlyrefs.

Matrices are set by default with a centered horizontal alignment, which is
often not the best way. The mathtools package provides a starred version of
the matrix environments which allow an optional argument for the horizontal
alignment:

1 -1 0 \usepackage{mathtools}
-1 1 -1 Ni
1 -1 0 \begin{pmatrixx}[r]
11 11 -11 1&-1& 0\\
-16& 16&-11\\
1&-16& 0\\
=11 & 11 &11 \\
\end{pmatrixx}
\]
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mathtools also provides some more environments for setting equations. Very
interesting is the environment lgathered, which allows to typeset a formula in
the following way:

x=a+b+c (1) \usepackage{mathtools}
04-01-24

d+e+f+g+h \begin{align}
x &=
i+j+k \begin{lgathered}[t]
a+b+c\\
d+e+
\\begin{gathered}[t]
f+g+h\\
i+j+k
\end{gathered}
\end{lgathered}
\end{align}
The \! revokes the internal horizontal space in front of the gathered.

4.1.16 nicefrac

Typesetting fractions in the inline mode is often a bad choice, the vertical
spacing increases in fact of the fraction. The nicefrac package from Axel
Reichert defines the macro \nicefrac, which is used in the same way as the
\frac command, but it typesets the fraction with a less height:

A fraction like %3 or 1%117 looks nice. \usepackage{nicefrac}
A fraction like \nicefrac{2}{3}
or \nicefrac{12}{117} looks nice.

The package is part of the units package bundle.

4.1.17 relsize

Often consecutives math operators are used, like two sum symbols, e. g.
\[ \sum\sum {i=1}"n i"2 \]

Yy
i=1

As seen the sums are of the same size. To increase the first operator size,
someone can use the \scalebox macro from package graphicx and write an own
macro:

QEZ?\)gﬁrﬁgzigEiz;;iﬁmathop{%
\scalebox{1.2}{$\displaystyle\sum$}}}
\[ \Sum {j=1F\sum {i=1}"\infty i \]
Another solution is to use the relsize package from Matt Swift and Don-
als Arseneau together with the exscale one. relsize defines a useful macro
\mathlarger.6 However, you need at least a scalable font:

noj2 no2 \usepackage[T1]{fontenc}
1 1
i=1 i=1 \usepackage{mathpazo}
\usepackage{relsize}

\[ \sum\sum {i=1}"n i*2 \quad
\mathlarger{\sum}\sum {i=1}"n i"2 \]

r

Il
—_

j=1 i

96



Math packages

4.1.18 xy

The \xymatrix macro is part of the xy package from Kristoffer Rose and Ross
Moore which can be loaded with several options which are not so important
here

\usepackage[alll{xy}
\xymatrix{A\POS[]; [d]**\dir{~}, [1; [drls«\dir{-} & B & C\\

D & E\POS[]; [U]*s\dir{.},[]; [r]*«\dir{~} & F\POS[];[dl]*x\dir{~}\\
G&H&TI}

/g\B c

D E~—~F

e

G H I

'For more information look at the package documentation or the package xy itself, which is
often saved in /usr/share/texmf/tex/generic or simply run the command texdoc xy-pic
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Chapter 5

Math fonts

5.1 [Mathematical fonts for pdfIATEX| . . . .. ................... 99
5.2 [Mathematical fonts for XgATpX/LualATeX]. . . .. ... .......... 105

Typesetting text and math is far different. There exist a lot of free text fonts
without additional math characters. This is the reason why we have to buy a
commercial math font, e. g. Palatino (pamath) or Helvetica (hvmath), or to combine
the free text font with another free math font.

5.1 Mathematical fonts for pdfIATEX

Table 5.1: Some possible combination

Name age Name age
pag pag of math and text fonts

Computer Roman Latin Modern Roman

Mathpazo newpx
Antykwa Torunska Kepler fonts
Times mit CM Kerkis
Iwona CMbright

It will always be a good idea to load the package fontenc for a proper font
encoding:

\usepackage[T1]{fontenc}

If you have another configuration of font a setting and would like to share it
then drop me a line with your preamble setting.
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5.1.1 Computer modern

This is the default font, designed by Knuth. For the PDF output the Type 1
fonts cm-super were used. For MiKTgX the cm-super font files are not installed

by default.

Theorem 1 (Residue Theorem). Let f be analytic in the region G except for
the isolated singularities ay, a, ..., an. If y is a closed rectifiable curve in G which
does not pass through any of the points a; and if y = 0 in G then

Izl=eusf(z) = Rssf = zini/f(z)dz,
C

where C C D\{a}is a closed line n(C, a) = 1 (e. g. a counterclockwise circle loop).

AAAVBCDXEFI'GHIJKLMN OOQPOITZQRSTUV WX YYWYZ ABCDabcd1234

aabfcodSece f{EgyhhuiijkkltAmnn0doospepppoqrsttmupvovwod
b /b b

xyzoo = By = f(x) ZfHH/ZZfoHZZ

a

5.1.2 Latin modern

This is the new designed font which comes with an own Type 1 version. cm-super

is no more needed.

\usepackage[T1]{fontenc}
\usepackage{Imodern}

Theorem 1 (Residue Theorem). Let f be analytic in the region G
except for the isolated singularities a1, as, ..., an. If v is a closed rectifiable
curve in G which does not pass through any of the points a; and if v ~ 0
in G then

Res f(2) = Resf = o [ 1()d
C

where C' C D\{a} is a closed line n(C, a) =1 (e.g. a counterclockwise circle
loop).

AAAVBCDYEFTGHIJK LM NOOQPPII=QRSTUVIW XY YWZ ABCDabcd1234

aabfBcdddece f(EgyhhiivjkklAmnndYoosdppppoqrstTTuprvvwws
by

b
ryzoo ox By = f(x) Y III H/Z Zﬁf:Hf’L Z/H

a




5.1 Mathematical fonts for pdflATgX

5.1.3 Palatino with CM

\usepackage[T1]{fontenc}
\usepackage[math]{mathpazo}

Theorem 1 (Residue Theorem). Let f be analytic in the region G except for
the isolated singularities ay,ay, . .., a,. If  is a closed rectifiable curve in G
which does not pass through any of the points a; and if v ~ 0in G then

Resf(z) =Resf = 5= [ f(z)dz,
C

where C C D\{a} is a closed line n(C,a) = 1 (e.g. a counterclockwise
circle loop).

AAAVBCDZEFI'GHIJKLMNO®OPPIIEQRSTUVIWXYYYZ ABCDabcd1234

anbPcddoeee fCEgyhhuitjkxllAmnnO8oocpoppoqrstTmTupuvovww@
b

b b
xyzeo o Oy = (x) LIOTT /T sy 1]

a

The package newpx from Michael Sharpe also uses TgX Gyre Pagella for the
test.
\usepackage[T1]{fontenc}

\usepackage{newpxmath}
\usepackage{newpxtext}

Theorem 1 (Residue Theorem). Let f be analytic in the region G except for
the isolated singularities a1, a2, ..., a,. If y is a closed rectifiable curve in
G which does not pass through any of the points a; and if y = 0 in G then

Res f(2) = Res f = QLm/f(z)dz,
C

where C ¢ D\{a} isaclosed line n(C, a) = 1 (e. g. a counterclockwise circle
loop).

AAAVBCDIEFTGHIJKLMN O®QPOITEQRSTUVW XYYWZ ABCDabcd1234
aabBcdddeec fCEgyhhuiijkklAmnnOSoochQpppoqrstTIUVIVW WD

b Lo
xyzoo o By = f(x) /1 ]—[/ZZZLbHZZa:/U
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5.1.4 Keplerfonts

\usepackage[T1]{fontenc}
\usepackage{kpfonts}

Theorem 1 (Residue Theorem). Let f be analytic in the region G except
for the isolated singularities ay,a,,...,a,,. If y is a closed rectifiable curve
in G which does not pass through any of the points a; and if y * 0in G
then

Resf(2)=Resf =5 [ f(a)d
C

where C C D\{a} is a closed line n(C,a) =1 (e.g. a counterclockwise circle
loop).

AAAVBCDYEFI'GHIJKLMN O©QP®PITEQRSTUVWXYYWZ ABCDabcd1234
aabBcddéeee fCEGYyhtuitjkklCAmnn 0900 chpPppeqgrstTRUpvvIWWd

, b Loy
xyzoo oc By = f (x) LI HJZZI;L I ZJH

5.1.5 CMbright

\usepackage[T1]{fontenc}
\usepackage{cmbright}

Theorem 1 (Residue Theorem). Let f be analytic in the region G except
for the isolated singularities ay, ao, .. ., am. If 7y is a closed rectifiable curve in
G which does not pass through any of the points ax and if y =~ 0 in G then

1
I;{:es f(z) = Raesf =55 f(z)dz,
c

where C C D\{a} is a closed line n(C,a) =1 (e.g. a counterclockwise circle
loop).

ANAVBCDYEFITGHIJKLMNOGQPPMN=QRSTUVW XY TWZ ABCDabcd1234
aabBcddbeeef(EgyhheifkkIEAmMnnOToosPppppoqrstTT Uy vVUWWT

b bop
xyzoo « Py = f(x) > JII H/Z ZZI;HS Z/H
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5.1.6 Times with CM

\usepackage[T1]{fontenc}
\usepackage[math]{mathptmx}

Theorem 1 (Residue Theorem). Let f be analytic in the region G except for the
isolated singularities ay,as,...,ay,. If 7 is a closed rectifiable curve in G which
does not pass through any of the points @; and if Y ~ 0 in G then

1
Ret ) =Res/ = 37 [ 1)
C

where C C D\{a} is a closed line n(C,a) = 1 (e. g. a counterclockwise circle loop).

AAAVBCDXEFI'GHIJKLMNO®QPOITEQRSTUVWXYYWYZ ABCDabcd1234
aabBcddbece fEE gyhhitiijkkllAmnn 090G SO QLpp Pqrst TTUUVYOWQOD
b
b

b
xyzoo o< Oy = f(x) rJII H/Z ZZ]:HZ Z/H

a

5.1.7 Antykwa Torunska
The package anttor from Marcin Wolinski supports the fonts made by Janusz
M. Nowacki.

\usepackage[T1]{fontenc}
\usepackage[math]{anttor}

Theorem 1 (Residue Theorem). Let f be analytic in the region G ex-
cept for the isolated singularities ay, as, ..., an. If 7 is a closed rectifiable
curve in G which does not pass through any of the points a, and if ¥ =~ 0
in G then

l;lf(ff(z) = Rgzsf = %/f(z) dz,
C

where C C D\{a} is a closed line n(C,a) = 1 (e.g. a counterclockwise
circle loop).

AANAVBCDXEFTGHIJKLMNO®QRPDITEQRSTUVWXYYVYZ ABCDabcd1234
aabBcodSeeef CEgyhhiitjkklAmnnOVoocdppppoqrstTrupvyviww®

)
xyz00 o By = f(x) ST/ sheme (11
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5.1.8 Iwona
\usepackage[T1]{fontenc}
\usepackage[math]{iwona}

Theorem 1 (Residue Theorem). Let f be analytic in the region G except for
the isolated sinqularities a1, a2, ..., a,. If y is a closed rectifiable curve in G
which does not pass through any of the points a, and if y = 0 in G then

1
IZ?:eas f(z) = Rssf = Z—m/f(z) dz,
c

where C C D\{a} is a closed line n(C, a) =1 (e.q. a counterclockwise circle
loop).

ANAVBCDEZEFITGHIJKLMNOBQP®IM=QRSTUVW XYYWZ ABCDabcd1234

aabBcddoeecf(Egyhhiitjkkl€AmnnOGoacoepppoqrsttmupvvowwd
b

b b
xyzoo o< By = f(x) Zfl_l H/Z szabl_lz Z/l_l

a

5.1.9 Kerkis

\usepackage[T1]{fontenc}
\usepackage[math]{kerkis}

Theorem 1 (Residue Theorem). Let f be analytic in the region G except
for the isolated singularities a;, ag, ..., an. If y is a closed rectifiable curve
in G which does not pass through any of the points a, and if y = 0 in G
then

R:esf(z):Resf: zimff(z)dz,
C

where C C D\{a} is a closed line n(C,a) = 1 (e. g. a counterclockwise circle
loop).

AAAVBCDZEFI' GHIJKLMNO®QPOIIZQRSTUVWXY TWZ ABCDabcd1234

aabfBcddbeesf{Egyhhiiijkll AmMnnd9oocpepppegrstitupvvuwO®
b
b

xyzeo oc By = f(x) T/ l_[fz ZZL’JHZZ::IH

a




5.2 Mathematical fonts for XgTgX/LualfTgX

5.2 Mathematical fonts for Xg¥TgX/LualATgX

With the new TgX-engines XjIgX and LualgX all available OpenType fonts can be
used. There is now no difference between system fonts or special TgX fonts; both
can be used. For math fonts we always load the package unicode-math from Will
Robertson, Philipp Stephani and Khaled Hosny. The following examples were all
run with LualATeX!

\usepackage{unicode-math}% loads fontspec ny default
\setmathfonts[options]{...}

Table 5.2: Some possible combination of

Name page Name page
OpenType math and text fonts
Latin Modern Math 105| TeXGyre Pagella 106
TeXGyre Termes 107| TeXGyre Bonum 107
TeXGyre DejaVu 108| XITS Math 108
Asana Math 109| Libertinus Math 109

5.2.1 Latin modern math
The text font Latin Modern is the default if no other text font is defined.

\usepackage{unicode-math}
\setmathfont{Latin Modern Math}

Theorem 1 (Residue Theorem). Let f be analytic in the region G except
for the isolated singularities aq, a,, ..., a,,. If v is a closed rectifiable curve
in G which does not pass through any of the points a; and if v ~ 0 in G
then

Res f(2) = Res f = 5 [ (o)
C

where C' C D\{a} is a closed line n(C,a) = 1 (e.g. a counterclockwise circle
loop).

AAAVBCDYXEFTGHIJK LM NOOQPPIIEQRSTUVW XY YWZ ABCDabcd1234

aabfBcddoeee fCEgyhhiirgkrllAmnniYoosdppppoqrstTTupvvvwws
b

b b
zyzoo x Py = f(x) > 1T H/Z ZZJ:HZ Za:/H

a
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5.2.2 TeX Gyre Pagella

\usepackage{unicode-math}
\setmainfont{TeX Gyre Pagella}
\setmathfont{TeX Gyre Pagella Math}

Theorem 1 (Residue Theorem). Let f be analytic in the region G except for
the isolated singularities ay,a, ..., a,,. If 7 is a closed rectifiable curve in G
which does not pass through any of the points a; and if ¥ = 0 in G then

1
I;S’lsf(z) :Rgzsf: 2—mff(z)dz,
C

where C C D\{a} is a closed line n(C,a) = 1 (e. g. a counterclockwise circle
loop).

AAAVBCDZEFITGHIJKLMNO®QOP®ITEQRSTUVWXYYYZ ABCDabcd1234
anbBcadoeecf { {gyhhiijkkltAmnn8doocdpepppoqrst T mupvovwwo

bbb
xyzoo o Py = f(x) ZIH]—[IZZEI:I—LI;;JU

5.2.3 TeX Gyre Schola

\usepackage{unicode-math}
\setmainfont{TeX Gyre Schola}
\setmathfont{TeX Gyre Schola Math}

Theorem 1 (Residue Theorem). Let f be analytic in the region G ex-
cept for the isolated singularities a1, as, ... ,a,,. If yis a closed rectifiable
curve in G which does not pass through any of the points a; and if y = 0
in G then

Resf (2) = Resf = 5 [ f(2) dz,
C

where C C D\{a} is a closed line n(C,a) = 1 (e.g. a counterclockwise
circle loop).

AAAVBCDXIEFTGHIJKLMNO®QP®IIEQRSTUVWXY T WZ ABCDabcd1234
aab,@c&d(Seesfé‘fgrythizijlﬁzlmnnH&oO's‘cﬁgogoppgqrstq'wu,twvvwww

b
xyzoo o< Py = f (x) Y JII HIZ szfnz ;jlj
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5.2 Mathematical fonts for XgTgX/LualfTgX

5.2.4 TeX Gyre Termes

\usepackage{unicode-math}
\setmainfont{TeX Gyre Termes}
\setmathfont{TeX Gyre Termes Math}

Theorem 1 (Residue Theorem). Let f be analytic in the region G except for the
isolated singularities aq, a,, ..., qa,,. If 7 is a closed rectifiable curve in G which
does not pass through any of the points a; and if y = 0 in G then

1
Resf(2) = Resf = 5— [f(2) dz,
&

where C ¢ D\{a}isaclosedline n(C,a) = 1 (e. g. a counterclockwise circle loop).

AAAVBCDZEFTGHIUKLMNO®QPRTIIZEQRSTUVWXY Y ¥Z ABCDabcd1234
aabfcdddeccf{ &gy hmiykxllAmnn0vdoosdePppoqrstTmTupvyvoww @

b b b
xyzoo o Qy = f(x) >[I HIZ ZZI:H{;;JU

5.2.5 TeX Gyre Bonum

\usepackage{unicode-math}
\setmainfont{TeX Gyre Bonum}
\setmathfont{TeX Gyre Bonum Math}

Theorem 1 (Residue Theorem). Let f be analytic in the region G
except for the isolated singularities a;, as, ..., a,,. If y is a closed
rectifiable curve in G which does not pass through any of the points
a;c and if y ~ 0 in G then

1
IZQ:egf(z) =Rgsf=%ff(z)dz,
C

where C C D\{a} is a closed line n(C,a) = 1 (e.g. a counterclock-
wise circle loop).

AAAVBCDZEFTGHIJKLMNO®QPOIIEQRSTUVWXY YTWZ ABCDabcd1234
aabBcddbecef{EgyhhiiyjkklAmnnO09oocPePpoqrstITUUVVUWO T

b b b
xyzso & By = [(x) CInTIE cafne ]
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5.2.6 TeX Gyre DejaVu

\usepackage{unicode-math}
\setmainfont[Scale=0.9]{DejaVu Serif}
\setsansfont[Scale=0.9]{DejaVu Sans}
\setmathfont[Scale=MatchUppercase]{TeX Gyre DejaVu Math}

Theorem 1 (Residue Theorem). Let f be analytic in the region G
except for the isolated singularities aq, ay, ..., d,,. If y is a closed recti-
fiable curve in G which does not pass through any of the points a;, and
if y = 0in G then

1
Res f(2) =Res f = mgf(Z)dz,

where C C D\{a} is a closed line n(C, a) = 1 (e.g. a counterclockwise
circle loop).

AAAVBCDZEFTGHIJKLM NOGQPOIIEQRSTUVW XY YWZ ABCDabcd1234
aabfcddbeecsfCEgyhhiiijkxleAmnnOBoocdepppoqrsttnuppvoww®w

b bb
xyzeo « Py = f(x) 2SI nfz EZL?HZ ;JU

5.2.7 XITS Math

\usepackage{unicode-math}

\setmainfont{XITS}
\setsansfont[Scale=MatchUppercase]{TeX Gyre Heros}
\setmathfont{XITS Math}

Theorem 1 (Residue Theorem). Let f be analytic in the region G except for the
isolated singularities ay, a,, ..., a,,. If y is a closed rectifiable curve in G which
does not pass through any of the points a; and if y ~ 0 in G then

Res f(z) = Res f = %/f(z)dz,
zZ=a a JT]
c

where C C D\{a}isaclosedline n(C, a) = 1 (e. g. acounterclockwise circle loop).

AAAVBCDZEFI'GHIJK LM N OOQPOIIEQRSTU VW XY YWZ ABCDabcd1234

aabfcodéece fEEgy hhiitjkklE AmnnOdoocchppgoppoqrsttrupuvvowow
b

b b
xyzeo o @y = f(x) s/ Zermy /11

a
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5.2 Mathematical fonts for XgTgX/LualfTgX

5.2.8 Asana Math

\usepackage{unicode-math}

\setmainfont{TeX Gyre Termes}
\setsansfont[Scale=MatchUppercase]{TeX Gyre Heros}
\setmathfont{Asana Math}

Theorem 1 (Residue Theorem). Let f be analytic in the region G except for the
isolated singularities aq, ay, ..., a,,. If y is a closed rectifiable curve in G which does
not pass through any of the points a; and if y = 0 in G then

1
Res f(2) = Res f = 5— [ f(2)dz,
C

where C € D\{a} is a closed line n(C, a) =1 (e. g. a counterclockwise circle loop).

AAAVBCDZEFIGHIJKLMN O®QPOITEQRSTU VW XYYWZ ABCDabcd1234
aabBcdddeec fLEgyhtitjkilEAmnnOSoachppppogrstTrupvovww ®

. A
xyz00 o By = () s fysfmy 11

a

5.2.9 Libertinus Math

\usepackage{unicode-math}

\setmainfont{Libertinus}
\setsansfont[Scale=MatchUppercase]{Libertinus Sans}
\setmathfont{Libertinus Math}

Theorem 1 (Residue Theorem). Let fbe analytic in the region G except for the
isolated singularities ay, ay, ..., ap,. If yis a closed rectifiable curve in G which does
not pass through any of the points g; and if y = 0 in G then

Izlfgf(z) = Rgsf = i J f(2)dz,
C

where C C D\{d} is a closed line n(C,a) = 1 (e. g. a counterclockwise circle loop).

AAAVBCDXZEFI'GHIK LMNOOQPOIIZEQRSTUVW XYYYZ ABCDabcd1234
aabpfcodSeee fE gy htuijkklt Amnn09oo s ppoqrstTrupyvowwd

b by
xyzeo x @y = f(x) ZJHHJZZZI:HZ XE:JH

a
a
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Chapter 6

Special symbols

6.1 [Integral symbols|. . . ........ ... ... ... ... 111
6.2 [Harpoons| . . ...... ... ... 112
6.3 |Bijective mapping arrow| ............................ 112
6.4 [Stacked equal sign[. . . ........... ... L 113
6.5 |Other symbolsl ................................... 113

In this section only those symbols are defined, which are not part of the list of
all available symbols: |CTAN://info/symbols/comprehensive/symbols-a4.pdf.
With fontmath. Ttx IATEX itself defines the following special symbols for using
inside math:

Name Meaning Table 6.1: Predefined math symbols from
\mathparagraph fontmath. Ttx

\mathsection
\mathdolTar
\mathsterling
\mathunderscore _
\mathellipsis

M A Wwn =

6.1 Integral symbols

Here are some more integral symbols. For all new symbols limits can be used in
the usual way:

\def\Xint#1{\mathchoice
{\XXint\displaystyle\textstyle{#1}}{\XXint\textstyle\scriptstyle{#1}}%
{\XXint\scriptstyle\scriptscriptstyle{#1}}{\XXint\scriptscriptstyle\scriptscriptstyle{#1}}\!\int}
\def\RotLSymbol#1#2#3{\rotatebox[origin=c]{#1}{$#2#3$}}
\def\rotcirclearrowleft{\mathpalette{\RotLSymbol{-30}}\circlearrowleft}


http://www.ctan.org/tex-archive/info/symbols/comprehensive/symbols-a4.pdf
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\def\XXint#1#2#3{{\setbox0=\hbox{$#1{#2#3} {\int}$}\vcenter{\hbox{$#2#3$}}\kern-.5\wd0}}
\def\ddashint{\Xint=} \def\dashint{\Xint-}
\def\clockint{\Xint\circlearrowright} \def\counterint{\Xint\rotcirclearrowleft}

$\dashint $\quad$\ddashint $\quad $\clockint$\quad$\counterint$
\[
\ddashint_01=\dashint 10<\oint \limits {-\infty}"\infty = \clockint\counterint A

\]
A

f[fo<d -1

6.2 Harpoons

IATEX knows no stretchable harpoon symbols, like \xrightarrow. The following
code defines several harpoon symbols.

\usepackage{amsmath}
\makeatletter
\def\rightharpoondownfill@{\arrowfill@\relbar\relbar\rightharpoondown}
\def\rightharpoonupfill@{\arrowfill@\relbar\relbar\rightharpoonup}
\def\leftharpoondownfill@{\arrowfill@\leftharpoondown\relbar\relbar}
\def\leftharpoonupfill@{\arrowfill@\leftharpoonup\relbar\relbar}
\newcommand\xrightharpoondown[2][]{\ext@arrow 0359\rightharpoondownfill@{#1}{#2}}
\newcommand\xrightharpoonup[2][]{\ext@arrow 0359\rightharpoonupfill@{#1}{#2}}
\newcommand\xleftharpoondown[2] []1{\ext@arrow 3095\leftharpoondownfill@{#1}{#2}}
\newcommand\xleftharpoonup[2][]1{\ext@arrow 3095\leftharpoonupfill@{#1}{#2}}
\newcommand\xleftrightharpoons[2][]1{\mathrel{%
\raise.22ex\hbox{$\ext@arrow 3095\leftharpoonupfill@{\phantom{#1}}{#2}$}%
\setbox0=\hbox{$\ext@arrow 0359\rightharpoondownfill@{#1}{\phantom{#2}}$}%
\kern-\wd® \lower.22ex\box0}}
\newcommand\xrightleftharpoons[2][]{\mathrel{%
\raise.22ex\hbox{$\ext@arrow 3095\rightharpoonupfill@{\phantom{#1}}{#2}$}%
\setbox0=\hbox{$\ext@arrow 0359\leftharpoondownfill@{#1}{\phantom{#2}}$}%
\kern-\wd0 \lower.22ex\box0}}
\makeatother

$\xrightharpoondown[under]{over} $\quad$\xrightharpoonup[under]{over}$\quad
$\xLleftharpoondown[under]{over} $\quad$\xleftharpoonup[under]{over} $\quad
$\xleftrightharpoons[under]{over}$\quad$\xrightleftharpoons[under]{over}$

over over over over over over
= 06-02-01
under under under under under under

6.3 Bijective mapping arrow

This uses the \mathrlap definition from section[2.11.2 on page 64| or the one
from package mathtools. With this definition a huge symbol is also possible:

)——) \usepackage{mathtools,amssymb}
- \def\bijmap{\ensuremath{%
\mathrlap{\rightarrowtail}\rightarrow}}
\bijmap \gquad\Huge\bijmap



6.4 Stacked equal sign

6.4 Stacked equal sign

There are several symbols stacked with an equal sign, e.g. \doteq, \equiv or

\cong (=, = , = ). But there are still some missing, which are defined th
Example [06-04-01
def L A \renewcommand\eqdef{\ensuremath{%

\mathrel{\stackrel{\mathrm{def}}{=}}}}
\newcommand\egexcl{\ensuremath{%

\mathrel{\stackrel{\mathrm{!}}{=}}}}
\newcommand\eghat{\ensuremath{%

\mathrel{\widehat{=}}}}

\egdef \quad \egexcl \quad \eghat

6.5 Other symbols

= ABC \newcommandx\threesim{%
\mathrel{\vcenter{\offinterlineskip
\hbox{$\sim$}\vskip-.35ex%
\hbox{$\sim$}\vskip-.35ex\hbox{$\sim$}}}}

$\threesim ABC$

X i =yy=x \newcommand\Let{\mathrel{%
\mathop:\!\!=}}% Upper case L!
\newcommand\teL{\mathrel{=\!\!\mathop:}}

$x\Let y$ $y\teL x$
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Chapter 7

Examples

7.1
7.2
7.3
7.4
7.5 |Over- and underbraces| ............................. 122
76 [Integrals|. .. ... ... .. 125
7.7 [Horizontal alignment . . ... ... ... ... . L 125
7.8 [INode connections| . . . ... .. i e 128
7.9 [Special Placement] . . . ...... ... .. . . .. .. 130
7.10 JROOtS| . . o v e 132

7.1 Tuning math typesetting

Chapter 18 of the TgXbook is named ,Fine Points of Mathematics Typing“ Knuth
and it shows on 20 pages some more or less important facts when type-
setting mathematical expressions. Often inline formulas contain a punctuation
character like a dot, comma, colon, etc.. It is a general rule to write those
characters outside the math mode. Compare

$a, b, ¢, d, e, \textrm{and }f$ \\[5pt]
a,b,c,d,eand f sas, $b$, $c$, $d$, $e$, and $f$
a, b,c,d, e and f
Having such math as single expressions enables TgX to insert a linebreak at
several places (see Section|1.2.6 on page 6).
Writing an ellipses as three single dots, doesn’t look very nice, one should
always use the \1dots command:
$1,...,108\\[5pt]
1,..,10 $1,\ldots, 10$
1,...,10
This is correct as long as on the left and right are a comma as a separator.
For sums the \cdot command should be used instead:
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Xp=Xp_1=-=hg=1
For a multiplication it is important which character is used, in european

countries often a centered dot. In such a case it is appropriate not to use the
\cdots command for a ellipsis. For typesetting integrals or differential equations

$1+2+\cdots+10$

$x_n=x_{n-1}=\cdots=n_0=1$%

it makes sense to define the following short macros:

F(x)z/f(x)dx

ds
= —
v(t) ;
&s
d?

G(t) = /-~-/dxdy,..

[
D

a(t) =

uc(t) = / ic(t)dt

7.2 Matrix
7.2.1 Identity matrix

There are several possibilities to write this matrix. Here is a solution with the

default array environment.

\usepackage{amsmath}

\newcommand+\diff{\mathop{}\!\mathrm{d}}

\par

\newcommand\dst{\,\frac{\diff s}{\diff t}}

\begin{alignx}
F(x) &= \int\!f(x)\diff x\\
v(t) & \dst\\

a(t) & \frac{\diff{}~2s}{\diff t*2}

\end{alignx}

\usepackage{amsmath}

\newcommandx\diff{\mathop{}\!\mathrm{d}}

\begin{alignx}

G(t) &= \underbrace{\,\int\cdots\!
\Int\!I\!} D\;\diff x\diff y\ldots\\

u_C(t) &= \int\!\,i C(t)\diff t
\end{align*}

\usepackage{amsmath}

\[
\left(
\begin{array}{ccccc}
1\
&1 & & \text{{\huge{0}}}\\
& & 1\
& \text{{\huge{0}}} & & I\\
& & & &1
\end{array}
\right)
\]

7.2.2 System of linear equations

\[

\begin{array{1@{\:=\:}*{5}{l@{\:+\:}}1}

y 1&a{11}x 1 & a {12}x 2 & a_{13}x 3 & \dots & a {1(n-1)}x_{n-1} & a_{1n}x_n \\
y2&a{21}x 1 & a {22}x 2 & a {23}x 3 & \dots & a {2(n-1)}x {n-1} & a {2n}x n \\
\ \vdots &\ \vdots &\ \vdots &\ \vdots &\ \vdots &\ \vdots &\ \vdots\\
y {n-1} & a {(n-1)1}x 1 & a {(n-1)2}x 2 & a {(n-1)3}x 3 & \dots

& a {(n-1)(n-1)}x_{n-1} & a_{(n-1)n}x_n\\

yn&a{nl}x1&a {n2}x 2 & a_ {n3}x 3 & \dots & a {(n)(n-1)}x {n-1} & a_{nn}x_ n

\end{array}
\]



7.3 Cases structure

W1 =danxX + a2x2 + ai3x3 +... + a1(n-1)Xn-1 + ainx,

Y2 = danxy + azaxy + dass3Xs +... + az(n-1)Xn—1 + aznx,

: = + + : + 4 +

Yn—1 = A(n-1)1X1 T A(n-1)2X2 T A(n-1)3X3 + ... + A(n-1)(n—-1)Xn-1 T A(n—1)nXn
Yn = amXy + an2 X2 + an3xs3 + oo T A)(n-1)Xn-1 T AnnXn

7.2.3 Matrix with comments on top

.

textl
textl
textl

= \usepackage{amsmath,graphicx}
\def\rb#1{\rotatebox{90}{$\xleftarrow{#1}$}}

.  Zy Ty \begip{tabulgr}{c}
X Y. Z T $\begin{matrix}
yory oy \rb{text1}&\rb{text1}&\rb{text1}&\rb{text1}\\
X, Y, Z, T, \end{matrix}$\\
0 0 0 1 $\begin{bmatrix}
XX &Y X&ZXx&T Xx\\
Xy&Yy&Zy&Ty\\
Xz&Y2z2&Z2&T z\\
6 &0 &0 &1
\end{bmatrix}$
\end{tabular}

7.3 Cases structure

Sometimes it is better to use the array environment instead of amsmath’s cases
environment. To get optimal horizontal spacing for the conditions, there are
two matrixes in series, one 3 X 1 followed by 3 X 3 matrix. To minimize the
horizontal space around the variable z a

\begin{equation}
\addtolength{\arraycolsep}{-3pt}
I(z)=\delta {0}\left\{
\begin{array}{lcrcl}
D+z & \quad & -D & \le z\le & -p\\
D-\frac{1}{2}\left(p-\frac{z"{2}}{p}\right) & \quad & -p & \le z\le & \phantom{-}p\\
D-z & \quad & p & \le z\le & \phantom{-}D

\end{array}\right.
\end{equation}
D+z -D<z< —p
=6iD-}(p-%) -p<z< »p (1)
D-z p<z< D

The \phantom command replaces exactly that place with whitespace which
the argument needs.

7.3.1 Cases with nhumbered lines

This is not possible in an easy way, because cases uses the array environment for
typesetting which has by default no numbering. However, there are some tricky
ways to get numbered lines. The following three examples use the tabular, the
tabularx and the array environment.
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Examples

x=2 ify > 2 \usepackage{amsmath,bigdelim}
07-03-02
(1)

\begin{tabular}{rc}

some text here{ x=3 ify<?2 \ldelim\{{2}{2.75cm}[some text here] &

\parbox{\dimexpr\linewidth-3cm-4\tabcolsep}{%
(2) \vspacex{lex}
\begin{flalign}
x & = 2\quad\text{if }y >2 &\
x & = 3\quad\text{if }y \le 2&
\end{flalign}}
\end{tabular}

\usepackage{amsmath}
\usepackage{tabularx,bigdelim}

\begin{tabularx}{\linewidth}{rXc}

\ldelim\{{2}{2.75cm} [some text here]
& $ x = 2\quad\text{if }y > 2 $ & \refstepcounter{equation}(\theequation)\\
& $ x = 3\quad\text{if }y \le 2¢ &\refstepcounter{equation}(\theequation)

\end{tabularx}
x=2 ify>2 (1)
07-03-03
some text here{ x=3 ify<2 @)
\usepackage{amsmath,bigdelim}
\[
\begin{array}{rce{\qquad}c}
\ldelim\{{2}{2.75cm}[some text here] %%% ————— Martin ———-—

& x = 2\quad\text{if }y > 2 & \refstepcounter{equation}(\theequation)\\
& x = 3\quad\text{if }y \le 2& \refstepcounter{equation}(\theequation)

\end{array}
\]
x=2 ify>2 (1) 07-03-04
some text here{ x=3 ify<2 @)
7.4 Arrays

There is a general rule that a lot of mathematical stuff should be divided in
smaller pieces. But sometimes it is difficult to get a nice horizontal alignment
when splitting a formula. The following ones uses the array environment to get
a proper alignment.

7.4.1 Quadratic equation

\usepackage{amsmath}

\begin{equation}
\begin{array}{rcll}
y & = & xM{2}+bx+c\\
& = & x*{2}+2\cdot{\displaystyle\frac{b}{2}x+c}\\
& = & \underbrace{x*{2}+2\cdot\frac{b}{2}x+\left(\frac{b}{2}\right)"{2}}-{\displaystyle
\left(\frac{b}{2}\right){2}+c}\\
& & \qquad\left(x+{\displaystyle \frac{b}{2}}\right)~{2}\\
& = & \left(x+{\displaystyle \frac{b}{2}}\right)"~{2}-\left({\displaystyle
\frac{b}{2}}\right)~{2}+c & \left|+\left({\displaystyle
\frac{b}{2}}\right)~{2}-c\right.\\
y+\left({\displaystyle \frac{b}{2}}\right)~{2}-c & = & \left(x+{\displaystyle



7.4 Arrays

\frac{b}{2}}\right)"~{2} & \left|(\text{Scheitelpunktform})\right.\\
y-y_{S} & = & (x-x_{SH"{2h\
S(x_{S};y {S}) & \,\text{bzw.}\, & S\left(-{\displaystyle
\frac{b}{2};\,\left({\displaystyle \frac{b}{2}}\right)"{2}-c}\right)

\end{array}
\end{equation} — X +bx+c

y
) b
= x“+2- EEX'+’C
e (3)-(3)
= xX*+2-—x+|=-) (=) +¢
2 2 2
b2
-
2
b\ (b b\*
RO RIS
b\ b\
y+<5> —c = x+5> |(Scheitelpunktform)
A = (x — x5)?

S(xs;ys)  bzw. S(—Z;(i) —c)

(1)

7.4.2 Vectors and matrices

\usepackage{amsmath}

\begin{equation}
\begin{array}{rcl}
\underline{RS} & = & \left(\begin{array}{cccccccc}

01 & a4 & 55 & 87 & 5a & 58 & db & 9e\\

a4 & 56 & 82 & f3 & le & c6 & 68 & e5\\

02 & al & fc & cl & 47 & ae & 3d & 19\\

a4 & 55 & 87 & 5a & 58 & db & 9e & 03\end{array}\right)\\
\\

\left(\begin{array}{c}

s {1,601\ s {i,1N\\ s {i,2N\\ s {i,3}
\end{array}\right) & = & \underline{RS}\cdot
\left(\begin{array}{c}

m {8i+01\\ m_{8i+1}\\ \cdots\\ m {8i+6}\\ m_{8i+7}
\end{array}\right)\\[\bigskipamount]
S {i} & = & \sum\limits {j=0}"{3}s {i,j}\cdot2”{8j}\qquad i=0,1,...,k-1\\[\medskipamount]
S & = & \left(S {k-1},S {k-2},...,S {1},S {0}\right)

\end{array}
\end{equation}
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01 a4 55 87 5a 58 db Ye
RS = a4 56 82 f3 le c¢6 68 €5
== 7 |02 al fc ¢l 47 ae 3d 19
a4 55 87 5a 58 db 9e 03
Sio mgi+o
" Mmgit1 (1)
Si1 = RS e
iéz Mgit6
" Mgiv7
3 .
S = Y os;c2¥ i=0,1,..k—1
j=0
S = (Sk-1,Sk-2,-51,50)

7.4.3 Arrays inside arrays

The array environment is a powerful one because it can be nested in several
ways:

\usepackage{amsmath}

\[
\left(
\begin{array}{c@{}ce{}c}
\begin{array}{|cc|}\hline
a {11} & a {12} \\ a {21} & a {22} \\\hline
\end{array} & 0 & 0 \\
0 & \begin{array}{|ccc|}
\hline
b {11} & b {12} & b {13}\\ b {21} & b {22} & b {23}\\ b {31} & b {32} & b {33}\\ \hline
\end{array} & 0 \\
0 & 0 & \begin{array}{|cc|}\hline
c {11} & c {12} \\
c {21} & c {22} \\ \hline
\end{array} \\
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\end{array}
\right)
\]

7-04-
rar B )
a1 a4z

by b1z by
0 ba1 by bys 0
b3y bs;  bss
0 0 Ci1 C12
C21 C2




7.4 Arrays

\usepackage{amsmath}

\[
Y 1=
\begin{array}{c}
\left[\begin{array}{rrrr}
0&0&1 &0\
1&0&1 &0\
1&61&16&1
\end{array}\right]\\[3ex]\hline
\begin{array}{rrrr}
% \hdotsfor{4}\\% instead of \\[3ex]\hline
2&18&83 &1
\end{array}
\end{array}
\]

Yyl =

N = = O
= o o
W = = =

7.4.4 Colored cells

In general there is no difference in coloring tabular or array cells. The following
example shows how one can put colors in rows, columns and cells.

\usepackage{amsmath}

\usepackage{array}

\usepackage{colortbl}

\definecolor{umbra}{rgh}{0.8,0.8,0.5}
\def\zero{\multicolumn{1}{>{\columncolor{white}}c}{0}}
\def\colCell#1#2{\multicolumn{1}{>{\columncolor{#1}}c}{#2}}

\[\left[\,
\begin{array}{+{5}{>{\columncolor[gray]{0.95}}c}}
h {k,1,0}(n) & h {k,1,1}(n) & h {k,1,2}(n) & \zero & \zero\\

h_{k,2,0}(n) & h_{k,2,1}(n) & h_{k,2,2}(n

& \zero & \zero\\

)
h_{k,3,0}(n) & h_{k,3,1}(n) & h_{k,3,2}(n) & \zero & \zero\\
n)}

h {k,4,0}(n) & \colCell{umbra}{h {k,4,1}(n)} & h {k,4,2}(n) & \zero & \zero\\
\zero & h_{k,1,0}(n-1) & h_{k,1,1}(n-1) & h_{k,1,2}(n-1) & \zero\\
\zero & h {k,2,0}(n-1) & h {k,2,1}(n-1) & h {k,2,2}(n-1) & \zero\\
\zero & h_{k,3,0}(n-1) & h_{k,3,1}(n-1) & h_{k,3,2}(n-1) & \zero\\
\zero & \colCell{umbra}{h {k,4,0}(n-1)} & h {k,4,1}(n-1) & h {k,4,2}(n-1) & \zero\\
\zero & \zero & h_{k,1,0}(n-2) & h_{k,1,1}(n-2) & h_{k,1,2}(n-2)\\
\zero & \zero & h {k,2,0}(n-2) & h {k,2,1}(n-2) & h {k,2,2}(n-2)\\
\zero & \zero & h {k,3,0}(n-2) & h {k,3,1}(n-2) & h {k,3,2}(n-2)\\
\zero & \zero & h {k,4,0}(n-2) & h {k,4,1}(n-2) & h {k,4,2}(n-2)
\end{array} \,\right] {12\times 5}
\1
[ hgo(n) hi1,1(n) hi1.2(n) 0 0
hizo(n)  hiz1(n) hi22(n) 0 0
hkﬁp(") hkﬁg(”) hkﬁg(") 0 0
hia0(n) hia1(n) hia2(n) 0 0
0 heio(n—1) hrii(n—1) hpia(n—1) 0
0 higo(n—1) hrai(n—1) hiaa(n—1) 0
0 hiso(n—1) hrzi(n—1) hisa(n—1) 0
0 hiego(m—=1) hpgi(n—1) hpgo(n—1) 0
0 0 hiio(n—2) heii(n—2) hgio(n—2)
0 0 hiao(n—2) hrai(n—2) hiza(n—2)
0 0 hiso(n—2) hrszi(n—2) hisa(n—2)
0 0 hiao(n=2)  hrai(n—2) hiao(n—2) |, .
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7.4.5 Boxed rows and columns

\usepackage{amsmath
123 e peckagetonsainy

— 1 \!
A= \overrightarrow{A}=\left[
\begin{array}{cccc}
1 1&26&3 &4\
1 &2 & 3 & 4\\\hline
\multicolumn{1}{|c}{1} & 2 & 3 &
\multicolumn{1}{c|}{4\\\hline
1&§26&36&4
\end{array}\right]

NN DN
W W w
W

\]

\usepackage{amsmath}
07-04-07

\[
\overrightarrow{A}=\left[
\begin{array}{cc|c|c}\cline{3-3}
1&26&36&4\
1&2&3 &4\
1&2&3 &4\
1& 2 &3 & 4\\\cline{3-3}
\end{array}\right]

_ = =
DN NN
W W W W
B R

\]

\usepackage{amsmath}
4 packag 07-04-08

\[

\overrightarrow{A}=\left[
\begin{array}{cc|c|c}\cline{3-3}

4 1&26&3 &4\
1&2 &3 & 4\\\hline
\multicolumn{1}{|c}{1} & 2 & 3 &
\multicolumn{1}{c|}{4\\\hline
1&2 &3 & 4\\cline{3-3}

\end{array}\right]

—_
NN DN DN

‘wwww‘
'S

\]

7.5 Over- and underbraces

7.5.1 Braces and roots

To put an underbrace in a root without enlarging the root symbol is possible
with the \makebox macro:

z= x2+ yZ \usepackage{amsmath, calc} 70501
= z =\;\;\underbrace{%
\makebox [\widthof{~$x"2+y"2$}1[r1{%
$\sqrt{x"2+y"2}$}} {=z"2}
\]

7.5.2 Overlapping braces

Overlapping under- and overbraces like

° \usepackage{amsmath,calc}
! \ P ¢ 07-05-02
——— e e . .
" a2 \begin{alignx}

\qquad\overbrace{\qquad\qquad}~o\qquad\\ [-16pt]
\underbrace{\qquad\qquad} {ul}
\underbrace{\qquad\qquad}_{u2}

\end{alignx}
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7.5 Over- and underbraces

needs some tricky code, because we cannot have parts of the argument
inside \overbrace and also \underbrace. The following Example|[07-05-03|shows
such a construction:

\usepackage{amsmath,xcolor}

\begin{align}
y & 2x"2 -3x +5\nonumber\\
& \hphantom{= \ 2\left(x*2-\frac{3}{2}\,x\right. }%
\textcolor{blue}{%
\overbrace{\hphantom{+\left (\frac{3}{4}\right)"2- %
\left(\frac{3}{4}\right)"2}}*{=0}}\nonumber\\[-11pt]
&= 2\left(\textcolor{red}{%
\underbrace{x"2-\frac{3}{2}\,x + \left(\frac{3}{4}\right)"2}}
\underbrace{-\left (\frac{3}{4}\right)"2 + \frac{5}{2}}\right)\\
&= 2\left(\gquad\textcolor{red}{\left(x-\frac{3}{4}\right)"2}
\qquad + \ \frac{31}{16}\qquad\right)\nonumber\\
y\textcolor{blue}{-\frac{31}{8}}
&= 2\left(x\textcolor{cyan}{-\frac{3}{4}}\right)”~2\nonumber
\end{align}

y=2xz—3x+5

31_, 3\ 2
LI I
g 4

7.5.3 Vertical alignment of different braces

When having several braces in one formula line, then it looks better when all
braces are also on the same line, e. g.

\usepackage{amsmath}

\begin{equation}
\binom{x R}{y R} = \underbrace{r\vphantom{\binom{A}{B}}} {\text{Scaling}}\cdot%
\underbrace{%
\begin{pmatrix}
\sin \gamma & -\cos \gamma \\ \cos \gamma & \sin \gamma \\
\end{pmatrix}
} {\text{Rotation}}
\binom{x K}{y K} + \underbrace{\binom{t x}{t y}} {\text{Translation}}

\end{equation}
. _ t,
XR - . sin y .cos Y XK N (1)
VR cosy siny YK ty
— L ——— N —

Scaling Rotation Translation

It is again the \vphantom macro which reserves the needed vertical space.
Nevertheless the horizontal space around the r of the first underbrace and the
last + should be decreased to get a better typesetting. This is possible with
\hspace or simply \kern:
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\usepackage{amsmath}

\[

\binom{x R}{y R} =%
\kern-10pt\underbrace{r\vphantom{\binom{A}{B}}} {\text{Scaling}}\kern-10pt%
\cdot\underbrace{%

\begin{pmatrix}
\sin \gamma & -\cos \gamma \\
\cos \gamma & \sin \gamma \\
\end{pmatrix}%
} {\text{Rotation}}
\binom{x K}{y K} +\kern-5pt%
\underbrace{\binom{t x}{t y}} {\text{Translation}}

\]
xR\ _,. siny —cosy\ [xx N Ix
yr)  \cosy siny VK t,

Scaling Rotation Translation

7.5.4 Vertical and horizontal alignment

The forgoing example simply uses \hspace to decrease the horizontal width
between two underbraces. This may be okay for a single solution, but in
general it is better to have some code which works in any case. The following
example looks simple but it needs some tricky code to get vertical and horizontal
alignment.

\usepackage{mathtools}
\def\num#1{\hphantom{#1}}
\def\vsp{\vphantom{\rangle 1}}

\begin{equation*}
\frac{300}{5069}%
\underbrace{\longmapsto\vphantom{\frac{1}{1}}} {\mathclap{\substack{%
\Delta a=271\num9\vsp \\[2pt] \Delta b=4579\vsp\\[2pt] \text{$1l$ iteration}}}}
\frac{29}{490}
\underbrace{\longmapsto\frac{19}{321}\longmapsto} {\mathclap{\substack{%
\Delta a=10\num{9}=\langle271\rangle {29}\num{20}\\[2pt]
\Delta b=169=\langle4579\rangle_{490}\\[2pt]
\text{$2$ iterations}}}} \frac{9}{152}
\underbrace{\longmapsto \frac{8}{135}\longmapsto\dots\longmapsto} {\substack{%
\Delta a=1\num{7}=\langlel0\rangle {9}\num{119}\\[2pt]
\Delta b=17=\langlel69\rangle {152}\\[2pt]
\text{$8$ iterations}}} \frac{1}{16}
\underbrace{\longmapsto\dots\longmapsto\vphantom{\frac{8}{135}}} {\substack{%
\Delta a=0=\langlel\rangle {1}\num{76} \\[2pt]
\Delta b=1=\langlel7\rangle {16} \\[2pt]
\text{$8$ iterations}}} \frac{1}{1}

\end{equationx}
300 29 19 9 8 1 1
— > — > — > —— > —— b b — > e > —
5069 490 321 152 135 16 1
[——;
Aa=271 Aa=10 =(271)5 Aa=1 =(10)y Aa=0=(1),
Ab=4579 Ab=169=(4579) 499 Ab=17=(169)1s, Ab=1=(17)y
1 iteration 2 iterations 8 iterations 8 iterations

It uses the macro \mathclap defined in section2.11.2 on page 64| or from
package mathtools, which gives a better result. It is also possible to use
\makebox[0pt]{...} but it works only in text mode and this needs some more

$...8.




7.6 Integrals

7.6 Integrals

The following example uses the the esint packageﬂ which gives nice integral
symbols. For partial differentiation we define an own macro which makes things
easier to write.

\usepackage{amsmath}
\usepackage[partialup]{kpfonts}
\usepackage{esint}

\def\Q#1#2{\frac{\partialup #1}{\partialup #2}}

The \emph{first theorem of Green} is:

\[

\underset{\mathcal{G}\quad}\iiint\!%
\left[u\nabla”{2}v+\left(\nabla u,\nabla v\right)\right]\mathrm{d}"{3}V
=\underset{\mathcal{S}\quad}\oiint u\,\Q{v}{n}\,\,\mathrm{d}"{2}A

\]
The \emph{second theorem of Green} is:
\[
\underset{{\mathcal{G}\quad}}\iiint\!%
\left[u\nabla”{2}v-v\nabla~{2}u\right]\mathrm{d}~{3}V
=\underset{\mathcal{S}\quad}\oiint\left (u\,\Q{v}{n}-v\,\Q{u}{n}\right)\mathrm{d}~{2}A
\]

The first theorem of Green is:
07-06-01

g///[uvzv + (Vu,Vv)]d3V = ;#)u g—z d?a

The second theorem of Green is:

///[uvzv—vvzu]daV: # ué—v—va—u d?A
on an
4

S

7.7 Horizontal alignment

7.7.1 Over more than one page

Sometimes it may be useful to have a vertical alignment over the whole page
with a mix of formulas and text. Section shows the use of
\intertext. There is another trick to get all formulas vertical aligned. Let’s have
the following formulas distributed over the whole page:

= \usepackage{amsmath
f(x) a p ge{ }

g(x) = x* — 4x \begin{align«}
f(x) & a\\
flx)—gx)=x*+ x> +x 9(x) &= x~2-4x\\
g =+ +xt+ X0+ b F(x)=g(x) &= x"2+x"3+x\\
g(x) & X 24X 3+x 4+x"5+b
\end{alignx}

They all have a different length of the left and right side. Now we want to
write some text and other objects between them, but let the alignment untouched.
We choose the longest left and the longest right side and take them for scaling
with the \hphantom command:

ISee scction
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\hphantom{\mbox{$f(x)-g(x)$}} & \hphantom{\mbox{$= xA2+xA3+xA4+xA5+b$}}

This is the first (empty) line in every equation where now all other lines are

aligned to this one. For example:

\usepackage{amsmath}

\newcommand\x{blah blah blah blah blah blah blah blah }
\addtolength\abovedisplayshortskip{-.5cm}% decrease the skip
\addtolength\abovedisplayskip{-.5cm}

\rule{\columnwidth}{1pt}

AXAX\X

\begin{align}

\hphantom{\mbox{$f(x)-g(x)$}} & \hphantom{\mbox{$= x"2+x"3+x"4+x"5+b$}}\nonumber\\
f(x) & a\\

g(x) & x"2-4x

\end{align}

%

AXx\x\x

\begin{align}

\hphantom{\mbox{$f(x)-g(x)$}} & \hphantom{\mbox{$= x"2+x"3+x*4+x"5+b$}}\nonumber\\
f(X)-g(x) &= X 2+x"3+x

\end{align}

AX\X\X

\begin{align}

\hphantom{\mbox{$f (x)-g(x)$}} & \hphantom{\mbox{$= x"2+x"3+x*4+x"5+b$}}\nonumber\\
g(x) & X 2+x"3+x™4+x"5+b

\end{align}

AX\x\x

\rule{\columnwidth}{1pt}

blah blah blah blah blah blah blah blah blah blah blah blah blah blah blah blah

blah blah blah blah blah blah blah blah

fx)=a

g(x) = x* — 4x

blah blah blah blah blah blah blah blah blah blah blah blah blah blah blah blah

blah blah blah blah blah blah blah blah

flx)—gx)=x*+ x> +x

blah blah blah blah blah blah blah blah blah blah blah blah blah blah blah blah

blah blah blah blah blah blah blah blah

g) =+ +x+ X7+ b

blah blah blah blah blah blah blah blah blah blah blah blah blah blah blah blah

blah blah blah blah blah blah blah blah

The phantom line is empty but leaves the vertical space for a line. This could
be corrected with decreasing the \abovedisplayshortskip length and done all

inside a group.



7.7 Horizontal alignment

Another case of aligning equations inside an itemize environment is the
following one. With the \makebox macro one can have the same size on the left
side of the equal sign to get a vertical alignment.

\usepackage{amsmath}
\newsavebox\ W
\sbox\WW{$P_{3}+P {2}-P {1}$}

\begin{itemize}
\item first function \\
$\displaystyle\makebox [\wd\lW] [r]{$P 1$}=\sum a \in A$
\item but another one \\
$\makebox [\wd\lW] [r]{$\sin\left(P 1\right)$}=blabla$
\item or perhaps \\
$P_{3}+P _{2}-P {1}=blablub$
\end{itemize}

« first function

Pi=) €A

« but another one
sin(P;) = blabla

« or perhaps
P3+P2—P1:blablub

7.7.2 Special text columns

This one comes from Hartmut Henkel and offers a special form of placing
additional text between the equation and the equation number. This makes only
sense when you load the documentclass with the option flegn. The example
places the additional text at 0.5\textwidth, changing this value is no problem.

\usepackage{amsmath}
\makeatletter
\@flegntrue
\let\old@mathmargin=\@mathmargin
\@mathmargin=-1sp
\let\oldmathindent=\mathindent
\let\mathindent=\@mathmargin
\newsavebox\myendhook % for the tabulars
\def\tagform@#1{{ (\maketage@@{\ignorespaces#1\unskip\@italiccorr)}
\makebox[0pt][r]{% after the equation number
\makebox[0.5\textwidth] [1]{\usebox{\myendhook}}}%
\global\sbox\myendhook{}}}% empty box
\makeatother
\sbox{\myendhook}{%
\footnotesize
\begin{tabular}{@{}11}
$a_0$ & Bohrscher Radius ($\mathrm{= 0{,}53\,\mbox{\AA}}$)\\
$e$ & Elementarladung\\
$N {si}$ & Anzahl der Siliziumatome\\
& pro Einheitsvolumen\\

$m$ & Atomgewicht\\
$7$ & Kernladungszahl
\end{tabular}}

text text text text text text text text text text text text text text
text text text text text text text text text text text text text text
text text text text text text text text text text text text text text
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\begin{equation}

\varepsilon = \frac{E\cdot 4\cdot\pi\cdot\varepsilon {0}\cdot a 0\cdot
\left(Z_i*{\frac{2}{3}}+Z _{Si}"{\frac{2}{3}}\right)~{-\frac{1}{2}}}{Z i\cdot Z {Si}
\cdot e2 \cdot\left(1+ \frac{m i}{m {Si}} \right)}\,;

\end{equation}

/o

\sbox\myendhook{abc}

\begin{equation} a2+b2=c2 \end{equation}

\begin{equation} z = 9 \end{equation}

text text text text text text text text text text text text text text
text text text text text text text text text text text text text text
text text text text text text text text text text text text text text

text text text text text text text text text text text text text text text text text
text text text text text text text text text text text text text text text text text =
text text text text text text text text

1 ag Bohrscher Radius (= 0,53 A)

2 2

E(94@7'((980(9510@(Z,§ +ZS§,) e Elementarladung

6= ! ! N;i  Anzahl der Siliziumatome (1 )
- ) ) m; ’ pro Einheitsvolumen
2i0Z5i0e20 (1 + ms; ) m Atomgewicht

V4 Kernladungszahl
a2+b2=c2 abc (2)
z=9 (3)

text text text text text text text text text text text text text text text text text
text text text text text text text text text text text text text text text text text

text text text text text text text text
This solution works only with Ap4Smath, without you have to redefine the

IATEX macro, which creates the equation number. It may make sense to have
all inside a group \begingroup...\endgroup if the environment equation is also
used with its original definition.

7.7.3 Centered vertical dots

By default the vertical dots of \vdots are aligned to the left of the = symbol
and not centered.

a; =b; 1 =d; (1) \usepackage{amsmath}
\newsavebox\egbox
a, =by c=d (2) \sbox{\egbox}{$\null=\nul1$}
\newcommand\Vdots{\makebox[\wd\egbox]{\vdots}}

a:b \begin{align}
a, = bn Cn = dn (3) 371 & = b71 &
a2&=b2 &
a & \Vdots b &
an&=bn &
\end{align}

cl \
c? \

= = -

nonumber \\

o agoa

=d1
=d?2
\Vdots
=dn

[~ -cli -l ~g}

cn

7.8 Node connections

This is a typical application for PSTricks and it needs the package pst-node and
doesn’t work with pdflatex. Use vlatex, ps4pdf or ps2pdf.
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\usepackage{amsmath, pst-node}% needs a xelatex run
\definecolor{lila}{rgb}{0.6,0.2,0.5}
\definecolor{darkyellow}{rgh}{1,0.9,0}
\def\xstrut{\vphantom{\frac{(A)"1}{(B)"1}}}
\psset{nodesep=3pt}

\fbox{\parbox{\dimexpr\linewidth-2\fboxsep-2\fhoxrule}{%

Die Bindungsenergie im Trépfchenmodell setzt sich aus folgenden Teilen zusammen:
\begin{itemize}

\item dem \rnode{b}{Oberflachenanteil}

\item dem \rnode{a}{Volumenanteil},\\[0.75cm]

\begin{equation}

\rnode[t]{ae}{\psframeboxx[fillcolor=darkyellow, linestyle=none]{\xstrut a vA}} +
\rnode[t]{be}{\psframebox*[fillcolor=lightgray, linestyle=nonel{\xstrut -a fA~{2/3}}} +
\rnode[t]{ce}{\psframebox*[fillcolor=green,linestyle=nonel{\xstrut -a c\dfrac{Z(Z-1)}{A"{1/3}}}} +
\rnode[t]{de}{\psframebox+[fillcolor=cyan, linestyle=nonel{\xstrut -a s\frac{(A-2Z)"2}{A}}} +
\rnode[t]{ee}{\psframebox*[fillcolor=yellow, linestyle=none]{\xstrut E p}}

\end{equation}\\

\item dem \rnode{c}{Coulomb-Anteil}

\item der \rnode{d}{Symmetrieenergie}

\item sowie einem \rnode{e}{Paarbildungsbeitrag}.

\end{itemize}

\nccurve[angleA=-90,angleB=90]{->}{a}{ae}

\nccurve[angleB=45]{->}{b}{be} \nccurve[angleB=-90]{->}{c}{ce}
\nccurve[angleB=-90]{->}{d}{de}\nccurve[angleB=-90]{->}{e}{ee}}}

Die Bindungsenergie im Tropfchenmodell setzt sich aus folgenden Teilen
zusammen:

¢ dem Oberflichenanteil

¢ dem Volumenanteil,

* dem Coulomb-Anteil
* der Symmetrieenergie

* sowie einem Paarbildungsbeitrag.
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7.9 Special placement of displayed equations

7.9.1 Formulas side by side

Sometimes it may be useful to have numbered formulas side by side like the
following ones:

\usepackage{amsmath,array}

\newcounter{subequation} \newlength\mtabskip \mtabskip=-1.25cm

\newcommand\egnCnt[1][]{\refstepcounter{subequation}\begin{align}#1\end{align}s
\addtocounter{equation}{-1}}

\def\mtabLong{long}

\makeatletter

\newenvironment{mtabular}[2][\empty]
{\parindent=0pt
\def\@xarraycr{\global\stepcounter{equation}\setcounter{subequation}{0}%

\@ifnextchar[\@argarraycr{\@argarraycr[\mtabskip]}}

\let\theoldequation\theequation%
\renewcommand\theequation{\theoldequation.\alph{subequation}}
\def\mtabOption{#1}%
\setcounter{subequation}{0}%
\tabcolsep=0pt
\ifx\mtabOption\mtabLong\longtable{#2}\else\tabular{#2}\fi}
{\ifx\mtabOption\mtabLong\endlongtable\else\endtabular\fi
\let\theequation\theoldequation\stepcounter{equation}}

\begin{mtabular}{*{2}{m{0.35\linewidth}m{0.15\linewidth}}}
\begin{align*} \oint E ds=0 \end{align*} & \egnCnt %
& \begin{align*} \nabla\cdot B=0 \end{align*} & \egnCnt[\label{blah}]\\
\begin{align*} a =\frac{c}{d} \end{alignx} & \egnCnt %
& \begin{align*} b = 1 \end{align*} & \egnCnt\\
\begin{align} c =1 \end{alignx} & \egnCnt[\label{blub}]
& \begin{align*} \int 2x \,\mathrm{d}x = x"2+C \end{align*} & \egnCnt
\end{mtabular}
And again a default display equation:
\begin{align}
F(x) & \int_0"\infty\dfrac{1}{x}\,\mathrm{d}x
\end{align}
A Reference to Eq.~\ref{blah} and \ref{blub} \ldots

ﬂggds 0 (1) V.-B=0 (1.b)

¢ (2.a) b=1 (2.b) And

(3.2) JZx dx=x*+C (3.b)

a =

R Y|

again a default display equation:

F(x) = -r" —dx (4)
0

A Reference to Eq. 1.b and 3.a ...

The new environment mtabular has two arguments, one optional and one
which is the same as the one from the tabular environment. With the option
Tong it is possible to have all the formulas in a Tongtable environment, which
allows a pagebreak. The new macro \eqnCnt controls the counting of these
equations as subequations for one tabular line. This macro can have an optional
argument for a label. At least it counts the equations. If the equation number
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is not centered to the foregoing equation, then it needs some more horizontal
space in the tabular column.

\egnCnt[<optional Tabel>]

The vertical space is controlled by the length \mtabskip, which is by default
-1.25cm and can be modified in the usual way. The following tabular is defined
as a longtable to enable pagebreaks.

\usepackage{amsmath, longtable}% mtabular code is in the hidden part of the preamble

\def\arraystretch{3}% Only for demonstation here
\begin{mtabular}[long]{*{2}{m{0.35\1inewidth}m{0.15\1inewidth}}}
\begin{align*} \oint E ds=0 \end{align*} & \egnCnt

& \begin{align*} \nabla\cdot B=0 \end{alignx} & \egnCnt\\
\begin{align*} a =\frac{c}{d} \end{align*} & \egnCnt

& \begin{align*} b = 1 \end{align*} & \egnCnt\\
\begin{align*} c =1 \end{alignx} & \egnCnt

& \begin{alignx} \int 2x \,\mathrm{d}x = x"2+C \end{align*} & \egnCnt\\
\begin{align*} \oint E ds=0 \end{align*} & \egnCnt

& \begin{align*} \nabla\cdot B=0 \end{alignx} & \egnCnt\\
\begin{align*} a =\frac{c}{d} \end{align*} & \egnCnt

& \begin{align*} b = 1 \end{align*} & \egnCnt\\
\begin{align*} c =1 \end{alignx} & \egnCnt

& \begin{align*} \int 2x \,\mathrm{d}x = x"2+C \end{align*} & \egnCnt\\
\begin{align*} \oint E ds=0 \end{align*} & \egnCnt

& \begin{alignx} \nabla\cdot B=0 \end{align*} & \egnCnt[\label{blah2}]\\
\begin{align*} a =\frac{c}{d} \end{align*} & \egnCnt

& \begin{align*} b = 1 \end{align*} & \egnCnt\\
\begin{align*} c =1 \end{alignx} & \egnCnt[\label{blub2}]

& \begin{align*} \int 2x \,\mathrm{d}x = x"2+C \end{align*} & \egnCnt\\
\begin{align*} \oint E ds=0 \end{align*} & \egnCnt

& \begin{align*} \nabla\cdot B=0 \end{alignx} & \egnCnt\\
\begin{align*} a =\frac{c}{d} \end{align*} & \egnCnt

& \begin{align*} b = 1 \end{align*} & \egnCnt\\
\begin{align*} c =1 \end{alignx} & \egnCnt

& \begin{alignx} \int 2x \,\mathrm{d}x = x"2+C \end{align*} & \egnCnt
\end{mtabular}
As seen in equation~\ref{blub2} and equation~\ref{blah2}, everything is nonsense \ldots
And again a default display equation:
\begin{align}
F(x) & \int_0"\infty\dfrac{1}{x}\,\mathrm{d}x
\end{align}
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——Eds=0 (La) (0B=0 (1b) c=1 (9.a) —2xdx=x’+C (9b)
ﬂ:% (2) b=1 (2.b) ——Eds=0 (10.2) (0B=0 (10.b)
a
c=1 (3a) —2xdx=x’+C (3.b) a:; (11.2) b=1 (11b)
—Eds=0 (4.) (0B=0 (4b) c=1 (122) —2xdr=+"+C (12.b)
c
a5 (5.a) b=1 (5.b)
As seen in equation 9.a and equation 7.b, everything is nonsense
... And again a default display equation:
c=1 (6.2) 2xdx=x7 +C (6.b) F.x/:’“uédx 3
——Eds=0 (7.a) (0B=0 (7.b)

a=t (8.) b

i
e
s

7.9.2 Formulas inside an itemize enviroment

Without any modification it is not possible to get a numbered equation at the
same height as the symbol of the itemize environment. This depends on the
\abovedisplayskip. The formula has to be raised up for exactly this length.

D =1 (1) \usepackage{amsmath} .
/ \def\itenMath#1{%
\raisebox{-\abovedisplayshortskip}{%
\parbox{0.75\1inewidth}{%
. g.x/ = ’\f.x/ dx \begin{equation}#1\end{equation}}}}

(2) \begin{itemize}
\item \itemMath{ f = 1 }
\item \itemMath{ g(x) = \int f(x)\,\mathrm{d}x }
\end{itemize}

7.10 Roots

There exists no special symbol for roots which are longer than one line. In such
cases the root should be split into two or more one, like \/a - b - ¢c = f .
\/E . \/E . \/E if possible. If nothing helps one can use \overline for following
lines of the root. The following example uses the \mult1line environment to get
only one equation number:

\usepackage{amsmath}

\begin{multline}
d(P,Q)| _{Stat.,Dependent}=\\
\sqrt{\left{a_{11}(x_{1}-y {1})"{2}+a_{22}(x_{2}-y {2})"{2}+
\ldots+a_{pp}(x_{p}-y_{p})"{2H\right]+} \\



7.10 Roots

\overline{\rule{Opt}{2.5ex}
\left[2a_{12}(x_{1}-y {1})(x_{2}-y_{2})+2a_{13}
(x_{1}-y_{1}) (x_{3}-y_{3}) + \right.}\\
\overline{\rule{Opt}{2.5ex}
\left.\ldots +2a_{p-1,p}(x_{p-1}-y_{p-1}) (x_{p}-y_{p})\right]}
\end{multline}

d.P, Q/Stat.,Dependent =

JL(J}].XI *y]/z +a22.x2*y2/2 + +app.xp*yp/2J+

[2a12.21 * 91/ X0 Yo/ + 2a13.%1 * 91 /.x3 % Y3/ +

+2ap01 pXpr1 Y Ppr1 /X ¥ yp/J (1)
Alternative:

\usepackage{amsmath}

\begin{multline}
d(P,Q)|_{Stat.,Dependent}=\\
\Big(\left[a {11}(x {1}-y {1})"{2}+a {22} (x {2}~y {2})~{2}+
\ldots+a_{pp}(x_{p}-y_{p})*{2N\right]+ \\
\left[2a {12}(x {1}~y {1})(x {2}~y {2})+2a {13}
(x_{1}-y_{1}) (x_{3}-y_{3}) + \right.\\
\left.\ldots +2a_{p-1,p}(x_{p-1}-y_{p-1}) (x_{p}-y_{p})\right]\Big)*{1/2}
\end{multline}

d.P, Q/Stat.,Dependent =

(Lﬂu-ﬁﬁ 91/ ag Xt ya )t +app.xp*yp/2J+
[2(112.x1 *}11/.9(2 *})2/ + 2a13.x1 *}}1/.3(3 ><'})3/4—

+ 20,01, p-Xp1 ¥ Pp1 /Xy *yp/J /M)
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Chapter 8

Unicode symbol list

8.0.1 Symbolverzeichnis fiir Unicode

Dieser Abschnitt stellt alle verfiigharen Unicode-Symbole zusammen, wozu
die Datei unicode-math-table.tex verwendet wird, die bereits eine Liste aller
Symbole mit zugehorigem Makro enthdlt. Das Paket unicode-math stellt diese
entsprechend zur Verfiigung. Fehlende Ausgaben in der Liste der Symbole
beruhen immer auf der Tatsache, dass die hier verwendete mathematische
Schrift kein entsprechendes Symbol vorhélt.

Sind bei Symbolen Grenzen angegeben (Integral, Simme, Produkt), so ist
zu beachten, dass diese formal nicht zum Zeichen an sich gehoren und hier
nur die moglichen Positionen verdeutlichen sollen. Alle bereits in Plain TgX
definierten Symbole sind mit (p), alle in Standard”=IATEX definierten sind mit 0
und alle durch das Paket amssymb definierten, sind @ markiert. In Klammern ist
die derzeitige Anzahl an vorhandenen Symbolen angegeben.

> Latin Modern Math > DejaVu Math (1657) > Libertinus Math

> Neo Euler > GFSNeoHellenic Math
> XITS Math (2444) > Bonum Math (1669)
> Cambria Math 2192) > Schola Math (1655) > Lucida Math
Asana Math (2323) > Termes Math > Fira Math
» TG Pagella Math > STIX2 Math (2445) Minion Math (1069}
Typ Seite | Typ Seite | Typ Seite | Typ Seite
\mathaccent \mathaccentwide \mathbotaccent \mathbotaccentwide |[141
\mathalpha \mathbin \mathclose \mathfence 138
\mathop \mathopen \mathord \mathover 195
\mathpunct \mathrel \mathunder




m Unicode symbol list

\mathopen
o 5
E < = 32 E = ¢ £ E K g
.z 2 B3z E:Eyifogo;oE
USv 5 2 S8 2 £ &84 8 & F & 5 53 £ 3 £ Z Mo
wooo2s ( C C ( C C ( C C  C C ( ¢ ¢ € \paren
woooso [ [ [ [ [ C [ [ O [ [ [ [ [ [ [ \brak
wooorb { { { { { ¢ { €  { { { € { { \brace®
wo2la \/ ) N VvV v VANV VYV sart®
u+0221b \3/ g J %/' I Y Y 3/ \cube
root
u+0221c {/ Y \4/ / V 3/ Y ('/ 4/ \fourth-
Troot
wo2sos [ [ [ [ 7 0 [ 0 0T 0 [T T [ [ 1T [ \eea®
u+0230a L L L L L L | L | 1 l_ [ | \foor®
wo23,c © - - - - r - ror oo F T ouk-
u+023le L L L L L L L o L L N L \I-
4+023b0 | J [ J \lmous-
tache®
u+02772 ( ( [ \lbr-
brak
u+027¢c5 1 L 1 Z \lbag
u+027cc ) ) r J \long-
divi-
sion
wozzes [ [ 0 [ [ 0 [ [ [ [ 0T [ O I [ \Brack
wo2ze8 (o 0O ¢ (N
gle(p)
wozzea (€ €« (o« « (K € € an
gle
u+027ec ( ( C ¢ ( ( \Lbr-
brak
u+027ee ( ( ( (| (| ( | ( (G ( \lgroup®
u+02983 1 1 1 { { { \Brace
u+02985 « ¢ ¢ ( ( ( \IParen
u+02987 ¢« ¢ | « ¢ ( \u-
o
sis
u+02989 { ¢ « X { { \llan-
gle
u+0298b L [ I [ [ [ \Ibrack-
- ubar
u+0298d [ [ [ [ [ [ \Ibrack
ultick
Fortsetzung ...
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Unicode symbol list

-1 » g 1
22,828,858 8
® s &% £ 2 5 5 g = S = g
usv 2 2 8§ 2 FE 2 83225 2 2 E 5 Moo
u+0298f [ [ I [ [ [ \Ibrack-
1ltick
u+02991 ¢ ¢ ¢ ¢ ¢ \lan-
gle-
dot
u+02993 < { £ < <€ € \lparen-
less
u+02995 'S )€€ & % :(é ¥ \Lparengtr
u+02997 C [ ¢ ( ( ( \Iblk
br-
brak
u+029d8 L } % § \lvzigzag
u+029da # i 8§ % & \Lvzigzag
u+029fc { ( < < { < \lcurvyan-
gle
\mathclose
o 2 L
E g = 3 g = ¢ g E s g
Q = > — —= [ el (=}
« E 5 % 2 8 2 2 E ¢ 8 =2 % ¢ £
usv 3 2 & 2 n:%D ] 2 § §) & é = £ 3 £ £ Macro
w0002 !t oottt b1t \mathex
clam
w0029 ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) \rparen
wooosd |1 1 1 1 1 17 1 1 1 1 1 1 1 1 ] \brack
wooozrd 3} )} 0} b oy ¥ Y o} b o} b} ) \rbrace®
w2300 | T 1 1T 1 1 17 1 1 1 1 1 7 1 1 1 \ree®
wozzob | | 1 1 1 L 11 11 ] 1] oo
w023d 7 7T S R e R e T \urcorner
u+0231f a4, T 1 \lrcorner
u+023b1 1 1 l 1 1 1 \rmous-
tache®
u+02773 ) ) ] \rbrbrak
u+027¢6 [y ) S § \rbag
u+027e7 ﬂ T 1 1T 1 1 01 1 1 1 1 1 :[l 1 I \rBrack
w0279 ) ) ) ) )y )y )y ) ) ) ) ) ) ) ) \rangle®
wozzeb ) N N N N N ) N » )y » D Y ) \rangle
u+027ed I] ) ) ]] I] ]] \Rbrbrak
Fortsetzung ...
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138

2]
< 3
Z s 3 5 £ 2 =
uUsv 2 28 & £ £ 8 B 8 % & E 3 2 2B E S Mo
u+027ef ) ) ) ) ) ) ) ) ) ) ) ) ) ) \rgroup®
u+02984 ]} } i I ]} I \rBrace
u+02986 )) ) ) ) )) ) \rParen
u+02988 DD D D D D ) \rrparen-
thesis
u+0298a boob > b D ) \rrangle
u+0298c 1 1 1 ] ] ] \rbrack-
B - ubar
u+0298e 1 1 ] ] ] \rbrackl-
rtick
u+02990 1 1 1 1 1 ] \rbrack-
urtick
u+02992 Yoy ) ) ) \rangle-
dot
u+02994 pS } > > } ¥ \rparengtr
u+02996 I ¥ 3R 3 ¥ ¥ \Rparen-
less
u+02998 ) 1) ) ) ) \rblkbr-
brak
u+029d9 § H § § § \rvzigzag
u+029db g 4 i g § \Rvzigzag
u+029fd > > > > > > \reurvyan-
gle
\mathfence
Z
o+
= < = %) g = o
UsSv E 9 83 2 £ & 82 8 8 & 5 3 & 32 £ E Mo
wooore ||| L L b ] went®
wo20t6 |0 wert®
w0200 I Il I l M0 m I \wvert
\mathpunct



Unicode symbol list

B
epong
JIUR[[PH
snunLqry
xns
SOULID],
B[oydS
wnuog
Mg
naeldq
e[ded
eURSY
eLIquIe)
SIX

W1

Usv

\mathsemi-

\mathcolon
colon

\mathcomma

>
>

’

>
b}

)
)

Um die Akzente korrekt zu platzieren, muss die jeweilige OpenType-Schrift

entsprechende Informationen zur Verfiigung stellen.

\mathaccent

u+0002c
u+0003a
u+0003b

epong
JIU[[PH
snunaqry
ZxXns
SAULID],
e[oydS
wnuoyg
Mg
naelq
e[eded
eURSY
eLIquIE)
SHX

W1

usv

X

€T
T

u+00300
u+00301

<

Rad

=

X

u+00302 T

z

u+00303

X \bar®

1<

=

1=

X \overbar

X

u+00307 T X X X X X X X X X X X X X X X \dot®
u+00308 & X X X ¥ X X X & X X X x X X X \ddot®

u+00306 T

\ovhook

x X

X

2 2
X X

z

u+00309

X \check®

X X x x

v

X
X

u+0030a
u+0030c X
u+00310
u+00312
u+00315

\candra

252

=

\oturnedcomma
\ocommatopright

X

3

X

\droang

X X
X X X X X
X

AR
1=

18

X
X
=
=
=R

re 1%

18

u+0031a
u+020d0

u+020d1

X \leftharpoonaccent

X \rightharpoonac-

X

X X ¥ ¥ X x X

1=
1=
1=
1R
1=

8

cent
)k X \vertoverlay

x|

ooz & £ A 4 4 % % A & & *

™=

=

T}

X

T
w020db T X X ¥ ¥ ¥ X ¥ ¥ ¥ ¥ ¥ X X X X \dddot

w020de T X K X X X X X X X ¥ ¥ X ¥ X X \ddddot

u+020d7

X \widebridgeabove

x| X1 \annuity
*
X

X

«

u+020e7
u+020e9

\asteraccent

*
X

*X

**=
*R
<

<

*=2

*.

iy

u+020f0

139
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w)
< :‘u
o s = %) £ .
283282843588 ¢
= £ £ 3 5% 2 E &5 %235 ¢ g E
USV 4 ¥ 0 <« £ @ @A & & = & 3 L 3 & =2 Maco
\mathaccentwide
3
57} [}
5 < = . E g
£ g2 2 5 5 2t 4 % B S g
R ENEEEEEEEEEEE
USV =2 &€ O <« & A & & & & & S T 3 E Z Mawo
ub0032 Z X X X X X X X X X X X X X X X \wide
hat(p)
w0033 T X ¥ ¥ ¥ X X X X X x X X X \wide-
tilde®
00305 Z X X ¥ X X X X X X X x X X X \wideover-
bar
u+00306 Z X X¥ X ¥ X X X X X X X X X X X \wide
breve
us0030c £ X ¥ X ¥ X X X X X X X X X X X \widecheck
u+020d0§f‘f§5€i%fff‘fx}?)_cff\over—
left-
har-
poon
u+020dlf§5f§5fi??)?o_ckffxf)_féf\over—
righthar-
poon
u+020d6f§§§§i%ffff?;‘f?f\over—
leftar-
row™®
- - o = > - > - = > e - -
u+020d7 @ X X X X X X X X X X X X pe X X \over-
rightar-
row®
e s v 4 34 o © e © PR e TR e PG «
u+020el r x Xx X X X X X X X X X X X X X \over-
left-
rightar-
row

Bottom accents, \mathbotaccent



Unicode symbol list

Usv

=

—

Xits

Cambria

Asana

Pagella

Dejavu

Euler

Bonum

Schola

Termes

Stix2

Libertinus

Lucida
Fira

Macro

u+020e8

IR

iR

=

ReS

xR

R

R

=

ix

X | Hellenic

1% | Minion

\three-

iR
>3

der-
dot

Wide bottom accents, \mathbotaccentwide

usv

LM

Xits

Cambria

Asana

Pagella

Dejavu

Euler

Bonum

Schola

Termes

Stix2

Libertinus

Hellenic

Lucida
Fira

Macro

u+00330

u+00332

u+0034d

u+020ec

u+020ed

u+020ee

u+020ef

1

|=

1=

1=

1=

1=

1=

=

1=

=

1=

™=

R

=

T

12

=

I

|>

2

>

=

X

X

[iRad

X

=

1~

=

=

1=

™=

=

R

1R

R

R

R

KR

v

1<

e

12

1

1<

1=

%=

1

1=

T

Y

R

12

=

1=

1=

X

1%

[Ped

X

X

& | Minion

\wideu-
tilde
\math-
un-
der-
bar

>

>
1=

\un-
der-
left-
rightar-
Trow
\un-
der-
righthar-
poon-
down

1%
>
x

\un-
der-
left-
har-
poon-
down

=
1<
®

\un-
der-
leftar-
row

1=
[N
R

\un-
der-
rightar-
TOW

=
>3
IR
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\mathbin
g © o £ » § <9 o
= ] =S < 9] = = o]
: £ 5 3% 5 28 £ ¥ E 2% os0Z
USv Z 2 5 2 &£ 8 B & 2 & 2 3 2 B & 2 Mo
u+0002b + + + + + + + + + + + + + + + + \math-
plus
w000bl + + + * + * 4+ *+ *+ + *+ + £ + + + \pm®
u+000b7 . \cdotp®
uH000d7 X X X X X x X X X x X X X X x X \times®
w000f7 — + + + 0+ = o+ 2 =+ =+ o+ \div?
wo2020 ff f t t + f f Ff f f Ff t t t F \dg
ger(p)
wo200 T F F 1 F o+ + ¥ f ¥ ¥ + F + # § \ddag
(p)
ger
u+02022 © o ° e o o ° ° . ° . . ° o . ® \sm-
blk-
cir-
cle
u+02040 - - - - \tiecon-
cat
u+02044 / Y /] /S / / / \frac
slash
u+0214b ® B » Y R R R \upand
ut02212 — — — - - - — - - - - — — — - — \mi
nus
w2213 ¥ ¥ F F F F F F FOF F FF F o5+ F wmp?
w2214 + + 4+ + + + + + + + + + 4+ + + 4 \dot
plus@
wo221s / /0 /0 ] 1 ) 7/ | / / \di
VS-
lash
w0226 N\~ N~ N NV NV N N VN \ AN N \small-
set-
mi-
nus(a)
uH02217 % k% %+ %k ok ok % % ok %k sk x % \ast®
u+02218 o o o o o o o (<] o o (0] o o \vysmwht-
cir-
cle
u+02219 o o @ o o o o o . . ® ° e \vysm-
blk-
cir-
cle
w0227 A A A A A AN AA A A AN AN A \wedge®
wo2228 V.V V. V. v v V. Vv V v VvV v V V v V \vee?
w2229 N N N NN N N N N N n n N N n N \eap®
w0222 U U U U U U U U U U U u U U u U \cup®
Fortsetzung ...
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< = E %) é =

= « = . =1

. 2 EE 55 2 f: e 5 EE, E

Usv 3 2 & £ &£ 8 8 8 8 & & 2 & 2 E £ Mo
u+02238 — =~ = R R [
mi-

nus

u+0223e AV DV D O L NV NV NV VU Y D D O ~ \in-
vlazys

we02240 2 2 0 X e e w?
u0228c U W WU W W W W WY WY Y W Yy U U ¥ U\
plef-

tar-

row

ut0228d U U U W U U U U U WU YU u U U u U \up
dot

ut0228e W W W W W W W W W W W oy W W w W \up
lus(p)

u¢02293 1 M MmN o nono oo o Mo\sg
Cap(p)
02294 LI U U U U U U U U U U U U U u U \squp®
02295 @ D D ¢ & & & Db D & D D b @ @ \oplus®
o229 © 6 © © 6 e 6 6 6 6 6 6 6 © e © \umk
nus(p)
o227 ® @ ® ® ® 8 ® ® ® ® ® ® ® ® o ® \otimes?
w228 @ @ @© @ © © © ® O O @ @ ©@ © © @ \oslash®
w2299 © O O © © @ ®© © 0 O O O ® O o O \odot?
wo22%2 ©® ® @ ©® @ © ® ® ©®© © @ ©® O © @ \cir-
cled-

circ®

u+0229b ® ® ® ® @ @ ® ® ® ® ® 6 ® \cir-
cledast®

w2 & 6 6 © © e o ® 6 & ©6 e ® \cir-
cled-

o

qual

w2d © O © 9 © e © © 6 © © 6 6 o @ \cir-
cled-

dash®

wo20e H FH H B 8 B H B B 8 B H B B \box
plus®@

wo220f H H H B 8 8B H B B 8 HH 8 BH B B \boxmi-
IluS(a)

wo2a0 XM X X 8 ® R M R K ®8 X X K X \box-
times®

wo2al O O O B e oo odolo O \box
dot®@

w022ba T 17 T T T T 1 T T T 71 T T T \in-
ter-

Cal(a)

Fortsetzung ...
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144

2]
o] %) E g
5 g % r§c 5 g % E ] 5 5 '.'g ..5
s 2 E § % % 2 E £ 5 1 &8 % § g E

Usv. g 2 S £ £ &2 & &8 & & & 5 £ 3 & Z Maco
w022bb V.V Y V. V V vV V V Vv VvV v v Vo \vee-
bar(a)

u022bc A A A A A A A A A A A N R A \bar-
wedge®

wo2bd VOV V V VYV V V vV V vV V Vv v V \barvee
u+022c4 & O 0 0 0 O O 0 0 o O S 9 ¢ \smwht-
dia-

mond

u+022c5 . \cdot®
us022¢6 * Sk *k  k  x Kk Yk Kk ok x Kk Kx * * * \star®
u+022c7 X X % X * X X X ¥ X % \di-
videon-

times®@

w022¢9 X X X X X X X X X x KX X X KX X \ltimes®
wo22ca X X X X X X X X XM XM X XX X \rtimes®
w022 X XN X N X X" XN X X x X D DN N \left-
three-

times®

wo2ce K K A K« « KX £ £ <« K A X A \right-
three-

times®@
wd22ce Y Y Y Y Y Y Y Y Y Y Y v Y Y Y \curlyvee®
w022cF A A A A A A A A A A A A A A A \curly-
wedge®@

u+022d2 M M M M M M A M M A M m m Mm \Cap®
wo2d3 U W U VU YU YU U U U VU U U v U \Cup®
us02305 x A A A X A A A A~ A N = A A \var-
bar-

wedge

ut2306 = A A A * A R ® mX ®= A = & x \var-
dou-

ble-

bar-

wedge

u+0233d O O o ) ® \obar
woshs AN A A A A AN AN AN AN 2 AA A \big-
tri-

an-

gleup(p)

u+025b7 [> > D> >D>D>DD>D>D> s D> > D> \tri-
ang-

leright®

uwr02scl <] <] A g a4 A< <« <« < \tri-
an-

gleleft®

Fortsetzung ...
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Cambria
Pagella
Bonum
Schola
Libertinus
Lucida

usv =

Macro

O | Termes
Stix2

O
o

Fira
O | Minion

(@)
O
(@)

\mdl-
gwht-
cir-

cle
\boxbar

\vee-
dot

u+027d1 A A A A A A \wedge-
dot
u+027¢0 6 e ¢ & o6 o6 O o6 o6 ¢ e % 0 \lozengemi-
nus
u+027el ¢ O L O o o O o o o O <> <> \con-
cave-
dia-
mond
0272 < O b 0 e o O o v o O < <> \con-
cave-
dia-
mondtick-
left
u+027e3 - > > O - o > o o e > <4 <> \con-
cave-
dia-
mondtick-
right
u+027e4 ] O O el il 1 \whitesquaret-
ick-
left
u+027e5 [F o o F - [F \whitesquaret-
ick-
right
u+029b5 e 6 e o © © \dir
cle-
hbar
u+029b6 o O o 0) D © \cir-
cled-
vert
u+029b7 @ ® o (@) @ @ \cir-
cled-
par-
al-
lel
u+029b8 o © o ) S © \ob-
slash
@ \op-
erp

u+029c0 Q © © Q] @ ® \olessthan

Fortsetzung ...

O | Asana

@ | Dejavu
Euler

O Hellenic

O | xits
(@]

u+025ch O

O
O
o

u+025eb
u+027c7

<H
=]
<H
=
8
< H

u+029b9 [0}

®
®
®
®
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2]
ot ) E 1
122,528,588, ¢
s 2 E 5 8% 2 E £ 5 5 & 5 % g &
gusv. 2 ¥ 8 < £ a 8 & 8 & & 2 £ 5 £ £ Maao
u+029c1 e & o ] @ ® \ogreaterthan
u+029c4 1 B @ % % @ \box-
diag
u+029¢5 N N N N N N \boxb-
slash
u+029c6 B \box-
ast
u+029c7 el @ @ [o] [e] © \box-
cir-
cle
u+029¢8 O B @ =] @ @ \boxbox
u+029cd VANV NEDN yAN A A \ui-
an-
gle-
ser-
ifs
u+029d6 X X X X X X \hour-
glass
u+029d7 I X X X X \black
hour-
glass
u+029e2 W w L L L w  \shuf-
fle
u+029eb [ ¢ ¢ ¢ \md-
gblk-
lozenge
u+029f5 A \ \ N\ \ \ \ \set-
mi_
nus®
u+029f6 / 7 7 /7 / / \dsol
u+029f7 YN X YONOX Y \rsol-
bar
u+029fa + H#  # + H+ # \dou-
ble-
plus
u+029fh # # # H #  \triple-
plus
u+029fe + + & + + \tplus
u+029ff - = - - —_ — \tmi-
nus
u+02a22 + + 3 s + ¥ + \ring-
plus
u+02a23 + F 2 + F 2 ¥ \plushat
u+02a24 F O+ 3 ¥ + = Fo\sim-
plus
Fortsetzung ...
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2]
« 3
= « = »n k=] RS
£ 5% 55 58 4% 5 g | E
= g 5§ 5 8% 2 E 2 5 5 2 5 § g &
Usv. = ¥ O < & &4 @ & » = » 4 T 4 & =2 Mawo
u+02a25 + + + + + + \plus-
dot
u+02a26 + + + + + % + \plus-
sim
u+02a27 5 - + -|§ + + \plus-
subtwo
u+02a28 + + + + + + + \plus-
trif
u+02a29 = L 2 = =~ X < \com-
mami-
nus
u+02a2a - - = - - - -~ \mi-
nus-
dot
u+02a2b = = = = = = = \mi-
nusf-
dots
u+02a2c - - = = — = =  \mi-
nus-
I-
dots
u+02a2d ¢ ¢ < G ¢ o & \opluslhrim
u+02a2e 9 D P ) H H \oplus-
rhrim
u+02a2f X X X X X X %X X X x b X X x \vec-
times
u+02a30 X X X X X X X \dot-
times
u+02a31 X X X X X X X \times-
bar
u+02a32 X X X X X X \btimes
u+02a33 C I X% % \smash-
times
u+02a34 & & & & [ & \otimeslhrim
u+02a3s N X R ») X » R \otimes-
rhrim
u+02a36 ® ® & ® &® ® ® ® \otime-
shat
u+02a37 ® o \Otimes
u+02a38 ® 6 e ® ® o @ \odiv
u+02a39 A A A A A A A \tri-
an-
gle-
plus
Fortsetzung ...

147



Unicode symbol list

2]
ke - E =
£z £ 2 . E 2% £ 5% 2 B
= £ 5352 25 £ 5 2 2 3 % g E&
Usv. 5 ¥ 0o <« & A4 4 & &% = » 49 T 4 &£ = Maco
u+02a3a A A A A A A A \tri-
an-
glemi-
nus
u+02a3b A A A A A A A \tri-
an-
gle-
times
u+02a3c - — — — — — - \int-
prod
u+02a3d [ - = = —_ \int-
prodr
u+02a3e H B S ; H H s \fcmp
wo2a3f 1T IO OO IT IO LI II O I0T O o I O 11 IT \amalg®
u+02a40 A N A A n M M \cap-
dot
u+02a41 U U UJ [S] U u U \umi-
nus
u+02a42 U U U 0 U C U \bar-
cup
u+02a43 n N N N n N N \bar-
cap
u+02a44 N AN M In m M A \cap-
wedge
u+02a45 vy v Uy v v v Y \cupvee
u+02a46 H R R H B ¥ H \cupover-
cap
u+02a47 8 S 0 G G o] 8 \capover-
cup
u+02a48 H % Y H =5 ¢ 2 \cup-
bar-
cap
u+02a49 8 8 8 8 o s T \cap-
bar-
cup
u+02a4a w w w wJ u W W \twocups
u+02a4b m m» m m m ™M M \twocaps
u+02adc U U U g U U U \closed-
var-
cup
u+02a4d N N N n n n N \closed-
var-
cap
u+02ade m Mm m Il M m m \Sq-
cap
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Usv

M

Xits

Cambria

Pagella

Dejavu

Euler

Bonum

Schola

Termes

Stix2

Libertinus

Lucida

Macro

u+02a4f
u+02a50

u+02a51

u+02a52
u+02a53
u+02a54
u+02a55

u+02a56

u+02a57

u+02a58

u+02a5a

u+02a5h

u+02a5c

u+02a5d

u+02a5e

u+02a5f

u+02a60

u+02a61

u+02a62

& E

>.

> <> <

>l

>

>

<

<l

a =

>.

S <> <

>|

>

1>

|«

<l

& [E | Asana

> < > <

>l

>

1>

<

<l

>l

>

& E

>

> <> <

>l

>

>

I<

<lI

@ [E | Hellenic

S<>< >

N K

>l

1>

>

<l

\Sqcup
\closed-
var-
cups-
mash-
prod

\wed-
geodot

Fira
@& [E | Minion

g E

>
>.

\veeodot
\Wedge
\Vee

\wed-
geon-
wedge

> <> <
<> <

\veeon-
vee
\bigslope-
d-

vee
\bigslope-
d-

wedge
\wedgemid-
vert
\veemid-
vert
\mid-
bar-
wedge
\mid-
barvee
\dou-
ble-
bar-
wedge®@

>l
>l

)

>
>

\wedge-
bar

>
1>

\wedge-
dou-
ble-

bar

<
I<

\varvee-
bar
\dou-
ble-
barvee

<lI
<l
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ot « = g ) é ‘é o
= ot ] 1} = ]

. E E% % 5 22 E w3 2 %o q
usv 3 2 § 2 £ 8 8 &8 2 & & 3 & 2 E 2 Mo
u+02a63 y Vv ¥ v ¥ \A ¥ A\vee-

dou-
ble-
bar
u+02a64 g 4 < g 94 4 <4 \dsub
u+02a65 B b e B> > B B \rsub
u+02a71 T F 3 F + = F \eqq-
plus
u+02a72 + £ = + = £ \pluseqq
u+02af4 {1 [If ”l Il I \in-
ter-
leave
u+02afs #ow # -H'I' # # \nhvvert
u+02af6 : : : : : : i \three-
dot-
colon
u+02afb /// y /i /// /// n /| \trslash
u+02afd // // // // // I // \ss-
lash
u+02afe H I 0 I [[ 0 0 \tal-
lob-
long
\mathord
) ) a 1
[=) -t = = = =)
Usv 2 2 S 2 &£ 8BS % EESRERZEE Mo
ws00023 F # # # # # # # # # # # H # # # \mathoc
tothorpe
w024 $ S $ 5 $ $ %% $ $ $ S S S S $ \mathdol-
lar
w0002s % % % % % % % % % % % % % % % % \mathper-
cent
00026 & & & & & & & & & & & & & & & & \matham-
persand
u+0002e \mathpe-
riod
wooo2f /[ / / /1 /| /1 /[ ] | | \mah
slash
u0003f 7?2 2?2?22 ? ?2 2 2?2 2 27 ? ? ? \math-
question
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2]
= " 2 g
5 g g § 5 § % ?5) a5 5 Tg .5
s 2 & § %28 £ 5 52835 ¢S¢gE
USv 5 2 8 £ £ 28 38 & &8 35 2&E 5 Mo
wopd0 @ @ @ @ @ @ @ Q@ @ @ @ @@ @ @ @ \mathat
sign
wooose  \ VN VU L L L L VL back
slash®
woooas &£ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ \mathster
ling
ut000a5 ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ Y ¥ ¥ ¥ ¥ Y ¥ ¥ \mathyen
u+000a7  § § § § § 8§ § 8§ § § § § § § 8§ § \mathsec
tion
ut000ac — = 4 7 . —m T 4= = o 1 T T - 7 \neg®
utoobe T T T T 997 T 9 7T 1999 99 9 \mah-
paragraph
u+001b5 Z Z Z Z Z \Zbar
u+003f6 2 3 3 3 3 3 3 \upback
epsilon
u+02015 ——— — — - — — — — — — — — — \horizbar
u+02017  _ _ - - - _ - - - o = _ _  \twolow-
- line
u+02025 \enleadert-
wodots
u+02026 \uni-
codeel-
lipsis
u+02032 ! ey o \prime®
U+0203 3 V4 " n ” " ” " ” n 7 ” ” " r " " \dprlme
U+02034 " m n mw " 4 mn V4 V4 ” " " " rrr n \trprime
w02035 Vol Yy vy Y \pack
prime®
U+0203 6 \\ A\} W A\ A\ \\ A\Y A\Y A\ W “ Iy W w A\ \backd-
prime
u+02037 A\\Y ALY W A\ wo A\ AN\Y AN\ AN\ w w W ow A\ \backtr-
prime
u+02038 N N \caretinsert
u+0203¢ o oo \Exclam
u+02043 - - \hyphen-
bullet
u+02047 7 77 ?7? ?? \Question
U+020 5 7 " " mnr "mw nrr mr N nn nn " gyt nn \qprlme
u+020ac € € € € € € € € € £ € € € € € € \euwo
wo20dd () O OO 00000000 O (O  \enclose-
circle
u+020de D ] |:| Oooggoogood |:| [0  \enclos-
esquare
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= =] 5] =
2 g % %ﬂ E E’ g é ; S E EJ % © é
Usv 2 2 & 2 £ 2 E & % & B3 & 3E % Moo
vt (> OO O COOOOOO O O e
amond
u+020e4 A A A A AAA A A A A A \enclose-
triangle
w0207 € €& € & & & £ & & & € € ¢ € \Euler-
const
wo20e A h h h h h h h h h h h h h h h \Planck
const
w12z O O U U U OO0 0O U U U000 o U \mho
u+02132 4 4 4 = d 4 4 d \Finv®
u+0213c T m Jt T ImI I @ T I T 7T \Bbbpi
u+02141 5 95 9 ) 9] 9] D  \Game®
u+02142 B I | 1 1 \sansLturned
u+02143 4 1 1 i 1 \sansLmir-
rored
u+02144 A A A A A \Yup
wes D D D D D D D D D D D \mitBbbD
w2146 o o d d d d d d d d d \mitBbbd
u+02147 @ e e e© e e e e € e @ \mitBbbe
w02148 F 7 f 1 1 i i i I i 2 \mitBbbi
w2149 f  j  f j J J Jj J Jj i Jj  \mitBbbj
u+0214a P B P \Property-
Line
u+021a8 7 T 7 t 7 ; t ¢t 1 \updow-
narrowbar
uw021bd 3 7] 3 ¥ 3 2 33 3 1713 1 11 \linefeed
w021bs Jd d 4 d gy d d d o d < dd o Near
riagere-
turn
u+021b8 N R KN N RN XN K R \barover-
northwest-
arrow
u+021b9 5 5 & 5 K& 55 5 5 & \barleftar-
rowrightar-
rowbar
wi2lba & O O O 6o ¢ O 6 O ¢ OU O J G U \acwopen-
circlear-
row
wlh © O U O b VO L L © DL J LD L \cwopen-
circlear-
row
u+021de + % 2 $ 2 42 ¢ ¢ % \nHupar
row
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o] %) é 9
= - r:v = g i) 9] E 2 «© =
. 2 25932 5ZEEYESEsE
USv 5 2 8 2 £ 484488 & & F3S 2 32 5 Mo
u+021df f ¢ t t 3 F ¥ ¢ F \nHdow-
narrow
u+021e0 G e e - G e g e e e \left
dasharrow
u+021el E T + 4 4 4 2 T \updashar-
row
u+021e2 e - w> > == o> w5 -5 \right-
dasharrow
u+021e3 N L N R :
dasharrow
U02lef <= B O O m L e o G e e @ e \eft
whitear-
row
w7 4 ¢ T 00T Tt
whitear-
row
u+02le8 = D D o = = o = => = o = [ => o => \rightwhitear-
row
wozted 3 80 0 31 a3 1 1 1 800 838l \dwn
whitear-
row
u+021ea ¢ ¢ 7 S} 'g‘ ¢ ¢ 1 \whitear-
rowupfrom-
bar
w02200 V.V V. ¥V V VV VY VYV V VVVY VYV \foral®
u+022010CCCCCBCCCECCCCC\comple—
ment®
w0223 3 3 3 T 3 3 3 3 3 3 33 DI I T \exists®
wo204 A A A A A A A A A P A A A A D D \neists®
u+02205®@(D@(Zj(b@@@@@@(b@@@\va(r?mh-
ing®
w0206 A A A A A AA AN A A AANAAAN A \incre
ment
ut02206¢ @ B ®m = H ®H B m H m B B H m R ® \QED
u+0221a\/\/\/‘/\/w/\/\/\/\/\/\/\/\/\/\/\surd(p)
u+022le OO 0O ©0 00 ©O ®© 00 00 00 OO 00 00 00 00 OO \infty®
wo21f L L L o L L L L L L L L L Lo L \rightn-
gle
wo220 L 2 4 L L £ L L L £ 2 £ L £ 2z L Nangle®
w0221 X £ & 4 X A £ £ X £ A X A X £ A \mea
suredan-
gle(a)
w0222 4 4 X < 4 L 4 4 €« < L < < <4 4 \spheri-
calangle®
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v
o+ 2 o
= s = »n s .
£ 242,68 5 ¢ ,5838 E
s 2 E 3 $% =2 E £ 5 52835 CgE
UsSv 3 ¥ O <« £ A @ e ¥ = » 49 & 3K = Macro
u+02234 \therefore®
u+02235 \because®
u+0223f v LV Y AV VI A VAV A VA VN VA VI AV AVARV A \sinewave
w24 T T T T T T T T T T T T T T T \top®
w2225 1 L 1 1 1 1 1 1L L+ 1 1 1 4L 1 1 \bot®
w0229 - A A A A e - -- - -~ \hermit-
matrix
wo22be D A R B B B b B B b K (AN K \mea-
suredrigh-
tangle
wobf 4 A A4 a4 A A4 A4 A A4 a4 A A 4 A \varlrtri-
angle
u+022ef \unicodec-
dots
w2300 & @ © O @ @ o @ O o o o J & \diameter
u+02302 A N0 AN o QO \house
u+02310 — - r-- - - - - - - - - ~ r— \invnot
u+02311 = o = = \sqlozenge
u+02312 ~ N ~ ~ \profline
u+02313 a o o o \profsurf
u+02317 :ﬂ: i} Zﬂ: H \viewdata
u+02319 [ [ — — - = o = = _ — L \turned-
not
u+02320 / f ( r r f r f f r f f [ f \inttop
u+02321 j J J J J J J J .J J J J J J \intbot-
tom
u+0232c @ @ \varhexagonl-
rbonds
u+02332 B B B \conicta-
per
u+02336 I I I T \topbot
u+02340 X X X \APLnot-
backslash
u+02353 AN N R \APLbox-
upcaret
u+02370 \APLboxques-
tion
u+0237¢ £ L b \rangle-
downzigza-
garrow
u+02394 O O O \hexagon
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I EEEUEER
usv 2 2 5 2 £ 8BS 3 & Z i £ 2 2 5 Macro
u+0239b ( ( / ( ( ( ( ( ( ( ( ( / { { \lparenu-
end
u+0239¢c | I I . | 1| 1 1 1 | | [ 1 \Iparenex-
tender
u+0239d \ \ \ K \ k \ \ \ k k \ \ \ \Iparen-
\ lend
u+0239e \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \rparenu-
end
u+0239f I I | , [ T I 1 1 | | [0 \rparenex-
tender
u+023a0 } ) / ) } ) } } ) ) ) / } / \rparen-
) lend
u+023al IV r [ [ [ [ [ [ [ [ [ [ [ [ \lbrack-
[ uend
u+023a2 | I | , I I | | | I I [ \Ibrackex-
tender
u+023a3 L |_ l [ l [ l l [ [ l [ L l \lbrack-
l lend
u+023a4 —| —l ] ] ] -‘ ] ] ] ] ] ‘| —I “ \rbrack-
1 uend
u+023a5 | | | . | | I [ | I | 1 \rbrackex-
tender
u+023a6 J J J J J J J J J J J J J J J \rbrack-
lend
u+023a7 ( ( { ( r r [ (f ( I ( ( [ \Ibraceuend
u+023a8 < { { 2 4 { { { { < \Ibracemid
w023a9  \ L k (G N L t U U t t L L \Ibrace-
\ lend
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v
5
o] ) s g
£ 2522558 28 4558¢% %
= z £ 5 ¥ % 2 E5 £ 5 2 57% 88 &
Usv Z 2 0O < £ a2 8 &8 8 &£ 83T 2E 2 Maao
|| |l
u+023aa | , [ N v \vbraceex-
tender
u+023ab ) ] \ \ A ] A | ] ] ] ] ] \rbraceuend
u+023ac > > } ; } } } } } } } } > }' } \rbracemid
u+023ad  J J ) /R T R R B J J J J J \rbrace-
en
) lend
u+023ae | | I [ U R R A T e \intexten-
der
u+023af - - = - - - - - \harrowex-
tender
u+023b2 ( T v v T \" AN T‘ \" V N \sumtop
w0233 L L Lyl L. L L £ \sumbot-
tom
u+023b6 = = = = \bbrktbrk
u+023b7 V V \ Q \I \l V V V V { \J \] Q \sqrtbot-
tom
u+023b8 | | | \Ivboxline
u+023b9 | | | \rvboxline
u+023ce Jd J \varcar-
riagere-
turn
wo3e0 T T o0 - - - - \obrbrak
u+023el o o e < o o \ubrbrak
u+023e2 [ERN [EAN \trapez-
ium
u+023e3 © @) \benzenr
u+023e4 — — \strns
u+023e5 [7 [7 \fltns
u+023e6 oo as \accurrent
u+023e7 % % \elinters
u+02422 b b b bbb b b b b b \blanksym-
bol
u+02423 = T T R SR S . \mathvisi-
blespace
u+02506 i i \bdtriplev-
dash
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v
= " 2 g
S E % % 5 § % ?5) o~ E 5 ’E -5
= £ £ 8§ % 2E £ 5 22835 88 E
usv Z 2 3 <« £ 44 & & & 335 &2 AE E Mawo
4402580 - - B ook
uphalf
u+02584 [ [ - \block-
lowhalf
wozsss W | = Eg EEERN ® =B boku
u+0258¢ | | | B olockeft
half
0402590 | [ | B ‘biock
righthalf
u+02591 \blockqtr-
shaded
u+02592 B B o B ¥ \blockhalf-
shaded
woses B B By EBEEBEEBD B B \block
threeqtr-
shaded
u+025a0 H B s smg g s B B EE B \ndghk
square
u+025al O o o g Oo0o 0o [Qod0oOd \mdgwht
square
u+025a2 O O O o O \squoval
u+025a3 [m] [w] ® @ [ \blackin-
whitesquare
u+025a4 B =] = B \square-
hfill
u+025a5 [m m il M \squarevfill
u+025a6 5] FH i B \squarehv-
fill
u+025a7 \squaren-
wsefill
u+025a8 % % 7 \squareneswifill
u+025a9 B ] B B \square-
crossfill
u+025aa L] ] ] "= ®m g = ] = u = ® g ® \smblk
square
u+025ab © m] o o o g o o o O o 0 p 0O \smwht
square
u+025ac == N m = = m = = = Hm = 5 mm \hrectan-
gleblack
u+025ad O O O O o o o o o o [ OO =@ g @3 \hrectan-
gle
u+025ae l [ ] | 1 B 0 \vrectan-
gleblack
u+025af D g |:| 0 0 0O \vrectan-
gle
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Usv

M

Cambria

Pagella

Dejavu

Euler
Bonum

Schola

Termes

Stix2
Libertinus
Hellenic

Lucida

Fira

Minion

Macro

u+025b0

u+025b1

u+025b2

u+025b4

u+025b6

u+025b8

u+025b9

u+025ba

u+025bb

u+025bc

u+025bd

u+025be

u+025bf

u+025c0

u+025c2

u+025c3

u+025c4

u+025¢5

u+025c6

u+025c7

> D .ths

v

O € A A

0 | Asana

Q

<

|

> 0 N

¢ o
O

<&

\parallelo-
gramblack

v

\parallelo-
gram
A \bigblack-
triangleup
A \blacktri-
angle®
»  \blacktri-
angleright@
»  \small-
blacktrian-
gleright
> \smalltri-
angleright
> \black-
pointer-
right
> \white-
pointer-
right
V¥ \bigblack-
triangle-
down
\V4 \bigtrian-
gledown®
v \blacktri-
angledown®
v \triangle-
down®@
«  \blacktri-
angleleft®
< \small-
blacktrian-
gleleft
< \smalltri-
angleleft
< \black-
pointerleft
< \white-
pointerleft
€ \mdlgblk-
diamond
\mdlgwht-
diamond

Fortsetzung ...

)



Unicode symbol list

Usv

LM

Cambria

Pagella

Dejavu

Euler

Bonum

Schola

Termes

Stix2

Libertinus

Hellenic

Lucida

Fira

Macro

u+025c8

u+025c9
u+025ca

u+025cc

u+025cd

u+025ce
u+025cf

u+025d0

u+025d1

u+025d2

u+025d3

u+025d4

u+025d5

u+025d6

u+025d7

u+025d8

u+025d9

u+025da

u+025db

e © 00 ©

©

® | Asana

@ © 00

[ )

@

e © 00 & <@

L))

@

(e NO)]

@ ®© 00 ©

& | Minion

\blackin-
whitedia-
mond
\fisheye
\mdlgwht-
lozenge

\dottedcir-
cle

< @

\circlevert-
fill
\bullseye
\mdlgblk-
circle
\circleleft-
halfblack
\cir-
clerighthalf-
black
\circlebot-
tomhalf-
black
® \circle-
tophalf-
black
®  \cir-
cleurquad-
black
@ \blackcir-
cleulquad-
white
¢ \blackleft-
halfcircle
D \black-
righthalf-
circle

e ©& @0 &

©

8 \inverse-
bullet

@ \inverse-
whitecir-
cle
\invwhite-
upperhalf-
circle
= \in-
vwhitelow-
erhalfcir-
cle
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v
3
ot ) s g
S E % % by S % ?5) o 5 5 TE .5
s 2 E 5 %2 E £ 5 £ 28%5 9¢g &
Usv Z 2 0O < £ a2 8 &8 8 &£ 83T 2E 2 Maao
u+025dc s s c ¢ 7 \ularc
u+025dd h h N N \urarc
u+025de V) Vi o+ o Nlrarc
u+025df N N « « < \llarc
u+025e0 m m N A~ D \topsemi-
circle
u+025el U U v v v \botsemi-
circle
u+025e2 A A A 4 4 \lrblacktri-
angle
u+025e3 A A A L A \lblacktri-
angle
u+025e4 y | 4 ¥V v 7 \ulblack
triangle
u+025e5 A | A | N Y X \urblack-
triangle
u+025e6 O o O O o O o o o o0 o O o o o \smwhtcir
cle
u+025e7 I LI} [l Il 0 IO \squareleft-
black
u+025e8 1 | o 1 | (I o @ \squareright-
black
u+025e9 | 4| L4} | 4| VI m Pl \squareul-
black
u+025ea | 7] d d @ [d \squarelr-
black
u+025ec A A A A A\ \trianglec-
dot
u+025ed A A AN A A A\zian-
gleleft-
black
u+025ee A A A A A \triang-
leright-
black
w02sef O O O ON NONONONO O O O O O \gwhtcir-
cle
u+025f0 F] 2] F1 Pl m El \squareulquad
u+025f1 Bl =1} Bl Bl m Bl \squarel-
lquad
u+025f2 d I} d [d @ [ \squarel-
rquad
u+025f3 3 M@ 1=} M m \squareurquad
u+025f4 Q) () O o O \dr
cleulquad
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] = E %) é E
= o] = B -] o
s EET 252 Evisiai
uUsv 2 2 & 2 €2 E & 8 & B3 & 3E % Moo
u+025f5 D) (D) @ o @ \circlel-
lquad
u+025f6 @ €] ® e @ \circlel-
rquad
u+025f7 C) ¢) G o O \cir-
cleurquad
u+025F8 74 74 V 7 \ultriangle
u+025f9 N N N N \urtrian-
gle
u+025fa N N N N \lltriangle
u+025fb O [m} O O 0 O \mdwht-
square
u+025fc [ | | | | | | [ ] B \mdblk-
square
u+025fd O ] [m| o 0O \mdsmwht-
square
u+025fe | [ ] [ | u B \mdsmblk-
square
u+025FF /l /] / A \rtriangle
u+02605 * * * * Kk * \bigstar®
u+02606 ¥ PAq ¥ % \big-
whitestar
u+02609 ® ® o \astrosun
u+02621 2 2 \danger
u+0263b ® ® o ® \blacksmi-
ley
u+0263c B3 Bo R es % \sun
u+0263d D) DD \right-
moon
u+0263e C C \leftmoon
u+02640 Q Q@ Q \female
u+02642 3 38 4 \male
o660 N B A& A D A A D DDA S A \spadesuit”
IRV VIR VEEEVIEVERVIEVIEVERVEARVER VIV V] Q  \heartsuit®
u02662 > O R R SR TR SR SRR SRR Y <  \diamond-
suit®
u+02663 o & & b Hb Qb Hd b AR P& \cubsuit?
w0266 O O O D O ® O O & Cb ¢ \varspadesuit
u+02665 @ @ v 9 999 99 vV v ¥ aheart
suit
02666 @ @ 6 6 & & & 6 6 & ¢ ¢ & ¢ + 4 \vadia
mondsuit
w02667 & & & B L Db HH D éb & \varclub-
suit
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v
3
8 [SEES]
E s 8 2 g « & E £ = g
. T E 3B 82 2 E yE2E.of
= 5 S 2 & ¢ 3 8 9 O B 8 8 5 5 2
UsSv 3 ¥ O <« £ A @ e ¥ = » 49 & 3K = Macro
u+02669 J J J J \quarter-
note
ut0266a & ;o> S N N 2 \eighth-
note
u+0266b ﬂ Jj J] a3 \twonotes
ut0266d D b b b bbb b b b b b b b \flat®
u+0266e | b b b b g B B b l:] b i \natural®
ur0266F  ff  ff o4 b8 4 8 # # B ¢ f \sharp®
u+0267e \acidfree
u+02680 ] [ I [ \dicei
u+02681 (i (i Ol O] \diceii
u+02682 [l [ [ Bl \diceiii
u+02683 () [ [ Bl \diceiv
u+02684 \dicev
u+02685 \dicevi
u+02686 @) O O \cir-
cledright-
dot
u+02687 © @) © \circledt-
wodots
u+02688 ® \blackcir-
cledright-
dot
u+02689 ® ® ® \black-
circledt-
wodots
u+026a5 Q Q’ é‘ \Hermaphrodite
u+026aa O @) O o O \mdwht-
circle
u+026ab [ ] [ ] [ ] ® @ \mdblkcir-
cle
u+026ac o (e} o O o O \mdsmwht
circle
u+026b2 Q Q \neuter
02713 v/ vV vV vV Vv Vv v / v v v/ \check-
mark
u+02720 MH K S I SIS SR I SIS 2 X & \maltese
u+0272a o k) & \circled-
star
u+02736 X * X \varstar
u+0273d % sk \dingas-
terisk
u+0279b > > \draftin-
garrow
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2]
= " 2 g
£ g 5258284558 &
s 2 E 3 $5=2E £ 5 52835 ¢gE
USv 3 ¥ O < £ A @ & & = » 49 IO 3K = Macro
u+027¢c0 4 4 4 |4 Iz \threedan-
gle
u+027c1 A A A A A \whitein-
whitetrian-
gle
u+027¢3 @ G @ «© G \subset-
circ
u+027c4 D D D) )] D \supset-
circ
u+027d0 <> PO O3 <> > <& \diamond-
cdot
u+0292b X %X X X 2GR A \rdiagovf-
diag
u+0292c X X X ¢ X X X \fdiagovr-
diag
u+0292d X X X X X X X \seovnear-
row
u+0292e X 2 X 24 X X A \neovsear-
row
u+0292f X X X X X x X \fdiagovn-
earrow
u+02930 X % X X X % % \rdiagov-
searrow
u+02931 Y % % 2 % ™ \neovn-
warrow
u+02932 N R X ~ N X X \nwovn-
earrow
u+02934 > 2 2 2 J o 0w
rightcurvear-
row
4402935 v YR Yl Y \down-
rightcurvedar-
row
u+02981 ° . ° ® [ ) ) e © \mdsmblk
circle
u+02999 : \fourvdots
u+0299a H § § § §  \vzigzag
u+0299b DN SN b x A \mea-
suredan-
gleleft
u+0299¢ b b kR b b \rightang-
lesqr
u+0299d b b [ h  \rightan-
glemdot
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164

v
3
o] ) s g
£ g 22 . E 22,558 E
2 g =& & = o g 2 % 9 = 5T < =
= £ & 2 2w s 8 5 8 & =23 5588
usv 5 ¥ 0 « &A@ e » = & S L 3K = Maco
u+0299e Pas L 4 pa) é £ \angles
u+0299f Z = =z Z = « « \angdnr
u+029a0 > * > > > > > \gtlpar
u+029al v ¥ v v " ¥ ¥ \spheri-
calangleup
u+029a2 7 7 7 7 7 7 7 \turnangle
u+029a3 NN N\ AN AN N N\ \revangle
u+029a4 4L L L Z Z £ \an-
gleubar
u+029a5 N2 ) AN AN 2 \revan-
gleubar
u+029a6 - - — N = = \widean-
gledown
u+029a7 - - r~ /7~ /7 o~ \widean-
gleup
u+029a8 X A 2 s X A \measan-
glerutone
u+029a9 N VN x & \measan-
glelutonw
u+029aa ¥ ¥ ¥ X X ¥ \measan-
glerdtose
u+029ab y & v ¥ X % \measan-
gleldtosw
u+029ac |2 Id > P \measan-
gleurtone
u+029ad NOR o« ~t ~t <t \measan-
gleultonw
u+029ae IR M M > \measan-
gledrtose
u+029af b 8 o« « 2 «]  \measan-
gledltosw
u+029b0 Q Q8 ® Q Q Q T \revempty-
set
u+029b1 g O O %) %) & \emptyse-
tobar
u+029b2 S O © %) %) & \emptyse-
tocirc
u+029b3 @ (%) @ @ 6 @ \emptyse-
toarr
u+029b4 @ (%) %) @ 6 @ \emptyse-
toarrl
u+029ba 6 6 o (&) @ & \obot
u+029bb R KR o34} ® & \olcross
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2]
o] » E 2
£ 252558 28 4558¢ %
s £ £ § &5 2 E £ 5 £ 2% 8§ g E
USv Z 2 8 £ £ 2 8 &8 8 &£ 3% 2E 2 Maao
u+029bc ® ® @ @ @ \odot-
slashdot
u+029bd (b @ @ d) (b @ \upar-
rowoncir-
cle
u+029be © © o © @ © \circled-
whitebul-
let
u+029bf ®© ® ® @ © ® \circled-
bullet
u+029c2 O O O Oe Oo Oe  \cirscir
u+029¢3 O O o (03 O= O \cirE
4+029¢9 BB o B @ @  \boxonbox
u+029ca /N A A A\ A A \trian-
gleodot
u+029ch é A A é A A \trian-
gleubar
u+029cc A A A A A A \triangles
u+029dc oo Ou ou ov (o) Ou \iinfin
u+029dd ® ® & & & & \tieinfty
u+029de b b cb co oo \nvinfty
u+029e0 O o o O O [0 \laplac
u+029e7 F o+ =+ * =+ ¥ \thermod
u+029e8 V v v V v V  \downtri-
angleleft-
black
u+029e9 v vy v v \ 4 Y \downtri-
angleright-
black
u+029ea ® ¢ @ * ¢ € \blackdia-
monddow-
narrow
u+029ec @ Q 0 Q ? Q@ \circle-
downar-
row
u+029ed ® 0 o ® ? ® \blackcir-
cledownar-
row
u+029ee ] Ij 3 @ \er-
rbarsquare
u+029ef ] [ ] i \errbar-
black-
square
u+029f0 § $ § §_ % {2 \errbardia-
mond
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v
ot » E =
£ 2525582 ¢ 4288, ¢
s £ E § %2 2 E £ 5 K &8% ¢ g E
usv 5 2 3§ <« £ 444 &8 & & 335 &2 AE E Mawo
u+029f1 ¢ 3 § ¢ 3 ¢ \errbar-
blackdia-
mond
u+029f2 @ o) @ @ 9 é \errbarcir-
cle
u+029f3 i ® § i ® ® \errbar-
blackcircle
u+02ael sk Is s I s 1 \perps
u+02afl I ¢ 7 I l g T \topcir
u+02b12 = = = = ™ \square-
topblack
u+02b13 =] = =] = B \square-
botblack
u+02b14 N N N N N  \squareur-
black
u+02b15 Al Al Al Al AN \squarell-
black
u+02b16 ¢ © ¢ © © \dia-
mondleft-
black
u+02b17 <} o P g <P \diamon-
dright-
black
u+02b18 & & & € \diamond-
topblack
u+02b19 YA <@ Yas <@ < \diamond-
botblack
u+02bla it \dotted-
square
u+02b1b [ | [ | H N H \lghlk
square
u+02blc |:| ] |:| I:I O \lgwht
square
u+02b1d . . . . = = \vysmblk-
square
u+02ble o o o d o o \vysmwht-
square
u+02b1f * L ] * L ] ® \pen-
tagonblack
u+02b20 O O O Q QO \pentagon
u+02b21 @) O @) @] O  \varhexagon
u+02b22 ® L J ® ® @ \varhexagonblack
u+02b23 o o o @® \hexagonblack
u+02b24 o (] () ®@ © 00 i
cle
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o 5 .
= s 32 3 = b=
. 2 EETEsifeziE, g
uUsv 2 2 & 2 €2 E & 8 & B3 & 3E % Moo
u+02b25 L L ¢ * . ¢ \mdblkdi-
amond
u+02b26 < < [ & A4 <& \mdwhtdi-
amond
u+02b27 ¢ ' ¢ ¢ ¢ ¢ \mdblk
lozenge
u+02b28 o) 0 O o) 0 ¢  \mdwht-
lozenge
u+02b29 * * * . ¢ \smblkdia-
mond
u+02b2a ¢ ¢ ) 4 ¢ \smblk-
lozenge
u+02b2b o O ¢ ¢ ¢ \smwht-
lozenge
u+02b2c [ ] ® g @ \blkhorzo-
val
u+02b2d (@} (@] o <O \whthor-
zoval
u+02b2e (] (] 0 0 \blkverto-
val
u+02b2f 0 0 0 0 \whtverto-
val
u+02b50 Yo PAd pAe ¥ % \med-
whitestar
u+02b51 * * * * *  \med-
blackstar
u+02b52 * Y * * % \smwhites-
tar
u+02b53 ® ® | J ® \rightpen-
tagonblack
u+02b54 O O O © \rightpen-
tagon
u+03012 T T T \postal-
mark
u+03030 Y% a2 % ~~ \hzigzag
u+ld7ce 0 0 0 0 0 0 OO O O 0 0 O OO0 0 \mbfzero
usld7ef 1 1 1 1 111 1 1 1 11 1 11 1 \mbfone
u+ld7zdo 2 2 2 2 2 222 2 2 22 2 22 2 \mbfiwo
weldzdt 3 3 3 3 3 33 3 3 3 3 3 3 3 3 3 \mbfthree
u+ldzd2 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 \mbffour
uldzZd3 5 5 5 5 5 55 5 5 5 5 5 5 5 5 5 \mbffive
uwldzddé 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 \mbfsix
wldzds 77 7 7 7 7 7 7 7 7 7 7 7T 7 7 7 \mbfseven
wid7ds 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 \mbfeight
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168

< Z
E g S 3 g = 8 2 £ s g
. s T EEEzifigioi.f
usv 5 2 8 2 £ 28448 &8 & & 35 2 32 £ Mo
wldzd7 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 \mbfnine
widzds O O O O 0 0 0 0 0 O O 0 O \Bbbzero
uw#ldzde 1 71T 1 1 1 1 1 1 1 1 1 1 1 \Bbbone
u+ld7da 2 2 2 2 2 22 2 2 2 2 2 2 \Bbbtwo
widzdo 3 3 3 3 3 3 3 3 3 3 3 3 3 \Bbbthree
uldzde 4 4 4 4 4 4 4 4 4 4 4 4 4 \Bbbfour
wldZdd S 5 5 5 5 5 5 5 5 5 5 5 5 \Bbbfive
wldide B 6 6 6 6 6 6 6 6 6 6 6 G \Bbbsix
u+ld7df 7 7 7 7 7 7 79 7 7 7 77 7 \Bbbseven
wid7eo 8 8 8 8 8 8 8 8 8 8 8 8§ 8 \Bbbeight
widzer O 9 9 9 9 9 9 9 9 9 9 9 9  \Bbbnine
utldze2 0 0O 0 0 0 0OOOOU OTU OO 0 \msan-
SZero
u+ld7e3 1 1 1T 1 1111 1 1 11 1 \msan-
sone
utld7es 2 2 2 2 2 22 2 2 2 22 2 \msanstwo
u+ld7es 3 3 33 3333 3 3 33 3 \msansthree
utldzee 4 4 4 4 4 4 4 4 4 4 4 4 4 \msans-
four
u+ld7e7 5 5 5 5 5555 5 5 55 5 \msans-
five
u+ld7e8 6 6 6 6 6 6 6 6 6 6 6 6 6 \msanssix
u+ld7e9 7 7 7 17 7 77 7 7 7 71 7 7 \msans-
seven
utld7ea 8 8 8 8 8 8 8 8 8 8 8 8 8 \msan-
seight
u+ld7eb 9 9 9 9 9 9 9 9 9 9 9 9 9 \msans-
nine
widZee 0 0O O O O OO O O O 0O 0 \mbfsan-
SZero
u+ld7ed 1 1 11 1111 11 11 1 \mbfsan-
sone
u+ld7ee 2 2 2 2 222 2 2 2 22 2 \mbf-
sanstwo
ueldzef 3 3 3 3 3 33 3 3 3 3 3 3 \mbf-
sansthree
wid7fo 4 4 4 4 4 4 4 4 4 4 4 4 4 \mbfsans-
four
wid7ff 5 5 5 5 5 55 5 5 5 5 5 5 \mbfsans-
five
wld72 6 6 6 6 6 6 6 6 6 6 6 6 6 \mbf-
sanssix
utld7f,3 7 7 7 7 7 7 77 7 7 1 7 7 \mbfsans-
seven
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Macro

UoruiN
B
epong
JIU[[°H
SnunRAr]
ZxXns
SOULID],
e[oydS
wnuog
My
nAeQq
e[aded

euesy

erIquIe)
SIY

WT

Usv

\mbfsan-
seight

8

8 8 8 883 8 8 8 8 8

8

8
9

u+1d7f4

\mbfsans-
nine

9

9 9 9999 9 9 99

9

u+1d7f5

\mttzero

0@ 00 00 06000

0

0

0

0
1
2
3
4
5
6

u+1d7f6
u+1d7f7
u+1d7f8
u+1d7f9
u+ld7fa
u+1d7fb
u+ld7fc
u+1d7fd
u+ld7fe

\mttone

1
2
3
4
5
6
7
8

\mtttwo

2 2 2 2 2 2

3 3 33 33

2 2 2

2
3
4
5
6
7
8
9

2

\mttthree
\mttfour
\mttfive
\mttsix

333
4 4 4

3
4

4 4 4 4 4
5 5 5 5 5 5

4 4

5
6

556 5

6 6 6 6 6

6
7
8
9

6 6 6

6

\mttseven

77T 7 7
8 8 8 8 8
9 9 9 9 9

7 77 7 7

8
9

\mtteight
\mttnine

8 8 8

8
9

9 9 9 9

9

u+1d7ff

\mathrel

Macro

uoruIy

BILL

epN]
SIUR[[OH

snunPqry
xns
SOULID],
e[OYDS
wnuog
bl itk
nAelq
e[aded
RURSY
eLICUIED)
SIX

WT

usv

< \less

<

< K K K K < <K KK KKK K <

u+0003c

\greater

> >

> > > > > > > > > > > > > >

u+0003e
u+02050

\closure
«— « «— \leftarrow®

O

0

U+02190 <$— < & — — — {— — — & — —

\uparrow®

— — — \rightarrow®

T

N

t

e e T T R B e e T e S o

wo210. ¢ T T+ 1 T 1T 1T T ®
u+02192

u+02193
u+02194

\downarrow®

1

!

i

|

e O O o o e e e o o o o o o \leftrightarrow®

A

l

U

\updownarrow®

1

N
22/

\nwarrow®

\nearrow®

\searrow”

NN\

\swarrow®

<+ & < \nleftarrow®
-+ =+ - \nrightarrow®

v v o/

“*

u+0219a

u+0219% > A P P P P P P P A D

u+0219c
u+0219d

=~ r~ \leftwavearrow

"~

LR VRS

—

~  ~= \rightwavear-

~

PN e

~

row
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2]
- 3
g = 3 54 £ £ =
. 2 £ 3% 3 § g% E £ _ §
= 2 £ § v =5 8 § 5 £ =2 = 5= £ &
UsSv 9 8 0 < £ A @ & & = » 49 T 4O & = Maco
u+0219e &= & & &« « 4 & &« &« &« & =« « «  \twoheadleftar-
rOw(a)
TR AT:E N A S R N N S A R * 4% 1 \twoheadupar-
row
u+021a0 —» > » O > > —H —>» > —>» >» —» > > » —» \twohead-
rightarrow®
T 3 N A A A A ¥ ¢ | \twoheaddow-
narrow
U402122 < 4 €< 6 X X < < < < < < <= <« ¢« << \lefrarrowtail®
u+021a3 = »> > > > > ) > >> >> > >> > > > > \rightarrowtail®
u+02lad < — H € A H H — — H —H <« «H — «d <4 \mapsfrom
w2as T ¢ I T 11 7T 1 1111 I t 12 1 \mapsup
uw02lab = B P B s b S e B B B B > > 5 \mapsto®
wo2tla7z 7T 0T 7 1 1 1 1 17T 1T 71 7 I I T T \mapsdown
U212 O © € O e 2 O O O« ) e &« \hookleftarrow®
ullaa & S 6 9 o o o o o o o o o o o \hookrightar-
row(p)
UH021ab 4P P P P P P (P P P P P P P <« & «r \looparrowleft®
Wi2lac B P P B b - B P P P P > G o e \looparrowright®
u+02lad 4V > WV > @ @ LU e @D ad s > A @« «»  \leftright-
squigarrow®
u+02lae <> P € D @ P L D > P P > > > \nleftrightar-
I‘OW(a)
u+021af ¢ 2 4 s 4 i £ ¢ L \downzigzagar-
row
w0210 9 9 T 9 9 9 9T 9 9 9 9 9 T 9 9 9 \Lsh®
w2bl PP P P p PP PP PP P P P P \Rsh®
w02tz d Jd d d g a4 d d 4 A dd d ] \Ldsh
w0263 L L L b oL oL L oL L L Lo L L oL L, \Rdsh
ut021b6 ¥ Y D N Y s Y Y e A N v DY A~ \curvearrowleft®@
u+02lb7 N Y Y Ny Y A N Y Y N NN N Y Y A~ \curvear-
rowright®
U+021bc 4— “— = L e 4m L e e e 4 o e \leftharpoonup(p)
u+02lbd v~ ~— — T — — +— — — — — ~— ~ ~— <~ < \leftharpoon-
down®
T 1Y S Y N N A N N A N A NN N ! 't [ \upharpoon-
right@
w2bf 11 1T 1 11 17 11 1 1 1 1 1 1 ] \upharpoonleft®
u+02lc0 — = = A = =2 = =2 = =S = s =~ = —  \righthar-
poonup®
u+02lcl —- —» —» —V —» — — — — — — — — — — — \rightharpoon-
down(p)
wo2ic2 L bbb L) | b1 | \downharpoon-
right@
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'g < B E = 3 é E ~ =
.z EFEE L i:2E32 2 %

usv 9 8 O <« £ @ & & = » 49 I 4O & = Maco

w0213 | | I | | \downharpoon-
left®@

HRId 2 2 2ol las 2 2 2 2 \righteftarrows®

wo2tes LN N L N L LN NN Nt N N Tl \updownarrows

H2lce S5 5 S 5 55 5 S S S S22 5 5 5 s \leftrightarrows®

u+021c7 é: EEC EccEcCc & e E & £ g & \efteftarrows?

wo2te8 T M T T M T TMTT Mt M 1T \upuparrows®

u+021c9 :; T3 3333 ZI3IZI=33333 \righ(gightar-
rows

w2tca L W W LW W W |l \downdownar-
rows®@

2lch = S S s s 55 5 5 5 5 = 5 5 = \leftrighthar-
poons®@

u+02lcc = = = 2= a2 =22 =22 = = 2 = \rightlefthar
poons”

uw02lcd <t & & E G & & & & & & &+ & & & & \nleftarrow®

u02lce < b P b B P H P H B b b b ke P \nL((ef)trightar-
row®

H2lcf & A B B P R B P P B A B £ H A P \nRightarrow®

Il &= & € & & & £ € € € E & & & & & \Lefrarrow®

wo2dt A 0 Tt N T \Uparrow®

w2l = = D D =2 = = = = = = = => = = = \Rightarrow®

wo2t3 4 U U U o 0 4 0 0 L Y0 U ¥y | \Downarrow®

H2ldd & & © O o e b o o s o o & & o & \Lefuightarow®

u+021d5 1} ¢ ¢ ¢ ¢ ¢ II ) II t ¢ ¢ 1) ¢ ¢ 0 \Updownarrow®

w022 NNVR N N SN R NN SRN R N & R \Nwarrow

w2l A A 2?2 P PP AP PP P A 7 P \Nearow

w0218 Ny Ny N Y N Y N N Y N Y NNy Ny \Searrow

u+021d9 / v ¢ g v /v S L ¢ v/ ¥ ¢ v & \Swarow

w2lda € € € € c e e €= E € € & \leftarow®

wo2ldh = D D D D D = D D> D = = 2 > = \Rrightarrow®

u+02ldc € o W M @ @ v @ar an ar v v N e e v \leftsquigarrow

u+02ldd v W W A v Y W A W W W AN W A w \rightsquigar-
roW(a)

u+021e4 e K— K— I&— 1« k= Kk— \barleftarrow

u+021e5 - 1 —1 — -1 - —i \rightarrowbar

u+021f4 - e <> > o e - \circleonrightar-
row

wo21fs [T U0 U ol i it [T \downuparrows

u+021f6 3 3 3 3 333 3) 3 3 33 =3 2 3 = \rightthreear
rows

u+021f7 “+ &« “+ «+ <« - & < \nvleftarrow
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%2}
- 3
= ¢ E 35 %8925 £5z22 3 § g &
usv 9 8 0 < £ A @ & & = » 49 T 4O & = Maco
u+021f8 + b b + > + + -  \nvrightarrow
u+021f9 P D D 4 D &P «>  \nvleftrightar-
row
u+021fa “+H @ G “ -« « <« \nVleftarrow
u+021fb BT Y 4> 4> 4> « 4 4> \nVrightarrow
u+021fc “ap G a@d <> <> 4> > e «b \nVleftrightar-
row
u+021fd — — — <+ ¢ <+ \leftarrowtrian-
gle
u+021fe - = — -+ — - — —> \rightarrowtri-
angle
u+021ff > > > +> > <> \leftrightarrow-
triangle
ut02208 € € € € € € € E € € € € € € € € \n"?
w0200 ¢ & & ¢ & & ¢ & ¢ ¢ &€ ¢ & & ¢ ¢ notn®
u+0220a € € € € € € € € € € € € € € € € \smallin
w0220 3 3 3 3 335 3 3 33 >3 3 3 3 3 >3 \ni?
w2 P B P P PP PP PPB LR PP P \m
u+0220d > > >3 3 5 3 > 3 3 5 5 >3 =) > > E) \smallni
u+0221d X X &K X X ® & & o X X & o o o o \propto®
w0222 | L L \mid®
w0224 f b b b b bbbt b \amid®
woz22s | \parane®
wo2226 K 4 b M H K K KK Kbk 4k f \nparane®
u+02236 : . : : Lo : : : : : : : . : : \mathratio
u+02237 \Colon
u+02239 —: = — =l = = — =1 = = = —_ - - - \dashcolon
u+0223a — = = OH = =2 = o= = =2 =5 5 = = = = \dotsminusdots
u+0223b A A+ 2 A 4+ A A A 4 A 4+ 4 % 4 \kernelcontrac-
tion
u0223c ~ ~ o~ o~~~ o~~~ o~~~ o~ o~~~ \sim®
us0223d v v - v v v = v - v v = v \backsim@
UH02241 o o A A Ak e A A A A o A A & o+ A4 \nsim®
w2242 ~ =~ = =~ =~ = = =~ = =~ ~ = =~ = = \egsim®
u02243 N N = & o~ = o~ &~ o~ x o~ o= o o~ = = \simeq®
u02244 K E k¥ £ o x g ok ox g ¥ oL ¥ ¢ #  \nsime
u+02243 ~ 9~ o~ o~ N~ =~ N~ M o~ N~ ~ ~ = ~ \sime
ut02244 ¢ & E ¢ £k x g £ o ¢ ¥ £ ¥ z F \nsimeg
u+02245 2 o = ¥ = o= X o= o~ = ~ = =2 = =z = \cong”
u+02246 F X ¥ F o ¥ F T E x ¥ F X ¥ z F \simneqq
u02247 ¥ % ¥ ¥ oz x F o ¥ oz % F 2 E ¢ # \ncong?
02248 A R X X X = ~ X AR * & ~ & X = = \approx?
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Usv

LM

Cambria

Pagella

Dejavu

Euler

Bonum

Schola

Termes

Stix2

Libertinus

Hellenic

Lucida

Fira

Macro

u+02249
u+0224a
u+0224b
u+0224c
u+0224d
u+0224e
u+0224f
u+02250
u+02251
u+02252
u+02253
u+02254
u+02255
u+02256
u+02257
u+02258
u+02259
u+0225a
u+0225b
u+0225¢
u+0225d
u+0225e
u+0225f
u+02260
u+02261
u+02262
u+02263
u+02264
u+02265
u+02266
u+02267
u+02268
u+02269
u+0226a
u+0226b
u+0226¢
u+0226d
u+0226e
u+0226f
u+02270

P IS & R &

1}

| e S e VARG B

a
o
&

PANAIOY A KVHAIVIA IV IA T 1S T 1]

GOCHS W IR R | Xits

TA M A o=V A BV HATIIVIA IV IA I IS D TE 18 1> D 1< 1> 1D lle H 1

(R 3

N

(ENY

e H Il

1)}

I+ k11>

>

a
o
Y

A VA K oY RBHAIVIAIV IA I I 1 = 1l

IS W R R | Asana

O T [ T 1 A | R PR T I ¢

H

)

1>

A M A KoV A WV HAIVIA IV IA It 1 I 1B B I e Ik

R
(IS
2 R

5
s w

X
X
)
X
X

EaRY

[lo H

)

A Y A o A BV HAIVIA IV IA T T S T 12 1E 1 1l 11

it

WOV A oo A KV HA IV IA IV IA I I Tl g I D < 0> D o H

TANMA Koo VA W AW /AN /A I I I 1 1

1

b e H

1> 11+ 1l<
> 1 i< 11>

3

R
R

s @
s @

Al 1B
FRY)
Il

llo H

o
I
2

A VA=Y AWV HAIVIA IV IA DI D 21

llo H

> 1k i< 11>

&
o

A VA o A BV HAIIVIA IV IA T 0 Dk 12

®

1
OIS k&

2

X

O
[ER}

[

llo H

[}

1> b 1I< 11>

a
e
N

A YA o= YA KV HA IV A IV IA T T - T 1B 1

TA M A Mo VA BVHAIVIA IV IA DIt T D 12 18 > T Qi< 11> 1D lle H

RS

1w

)

H

[ 1< 1> 1D e

[~

&

TA M A o= ARVHIAIVIA NV A I I 1 1E

[P ¢ OIS R IR R

| A |

I

(1> 10 ll< 11> 1> 1o H

o
[}
D,

AN Ao Y ARVEAIVIATVIA TR # T~ T 01

[poae DO IS W 1 ®»

H

> 1 i< 11> 1D le

o
g

AW A KoY A W HA IV IA IV A I I T 1z

w

w

s

m W

m

W OHA IV IIA IV IA

A

1%

X | Minion

I

n

11§

[ S [ Y| O R PR

llo H

1B+ 1< 11> 1

N

[~ 12 1E 1>

A M A HoX Y A BV HA IV A IV OIA T I H

\napprox
\approxeq®
\approxident
\backcong
\asymp(p)
\Bumpeq®
\bumpeq®
\doteq")
\Doteq®
\fallingdotseq®
\risingdotseq®
\coloneq
\eqcolon
\eqeirc®
\circeq®
\arceq
\wedgeq
\veeeq
\stareq
\triangleq®
\eqdef
\measeq
\questeq
\nem)
\equiv®
\nequiv
\Equiv
\le q(p>
\geqm>
\le qq(a)
\geqq®
\Ineqq®
\gneqq®
\H(m
\ggm)
\between®

\nasymp
\nless®
\ngtr(a)

\nleq®
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Unicode symbol list

Macro

uoruIy

Bl

epng
SUR[[PH

SNUNIIT

Zxns

SOULID L,
eoydS
wnuog
wmg
nAelJ
e[aded
BUBSY
eLIqUIE)
SIX

WT

Usv

\lesssim®
\gtrsim®
\nlesssim
\ngtrsim
\lessgtr®
\gtrless®
\nlessgtr
\ngtrless
\prec(p)

\ngeq®

2
<
2
£
Z
s
2
#
£
<

M VAR A VANV VA A Y

A VEAN WA VAN YA A Y

AEVIANRARNAN ALY

AL VEATR AAVAAN YA Y
AL VEALR AXVA A YA AL Y
Al VEAL R AR VA AN YA Y
Al VEALWR ARVAN YA R Y
AL VEAR AR VAN VAN Y
AN VEAMALVA N YA ALY
AVEAN R ARVAN A MNY
Al VEAL R ARVANAN VAN Y

A VEAR AR A W ALY
AL VEA R ARVAN VAR Y
AL VEALR AL VA A YA A Y
A VEAR ARVAN VALY

u+02271
u+02272
u+02273
u+02274
u+02275
u+02276
u+02277
u+02278
u+02279
u+0227a
u+0227b
u+0227¢
u+0227d

\succ®

> >
<

-

S S =

\preccurlyeq®

Y

\succcurlyeq®
\precsim®
\succsim®
\nprec®
\nsucc®

>
=
z
£
*
C

A VAN ¥ A

A YA ¥ A

\subset®

C

U

YA YRR KU

\74
\74
v

\4
\4

\4
\
\ 4
Yr

A YU X A
AN YA A
A YU AL A
AN YA A
A YA A
A YA X R
A YA ¥ A
AN YA A

AN VA Y A

N YO ¥ A
A

A YA

u+02281
u+02282

c ¢ c ¢ Ccccccccc

3 3 @Q®Q®MQM.L
T g5 2258883
222332 32%¢g+%
Q 2 2 Q9 94 2 5 Q QU »n
2222222 23:2¢8
P G P R
NS U NS U U
N Y R U NS AUt U
NS U N B AU Nt U
N YR UINTISLUINE L
N YR U NS UENE L
NUYRU AN GEREUEN L
NS _RUN SR U N U
NS RUNGSQEUNE L
NS_RUANAGEQIUENEU
AN NUNSHEN UM U
NYS_RUNYEARQUN U
NY_RUNY QUM U
NS R_RUNTERLU N U
N AU NS RBEU ML
NUYURUNGERIUEN L
N _RUNANHRIUIN L
T2 RLRE
S 333338 38388 83
R O - A T A - -

\sgsupset

jm

3

\sqsubseteq®

\sgsupseteq®
\vdash®

2
l_
_|
|_
E

oL

J J3 131331 3 333 3 3

u+02290

L
ML
L
ML
L
L
ML
ML

m L

\dashv®
\assert

44 4 4 44444444 4 4

u+022a3
u+022a6
u+022a7
u+022a8
u+022a9
u+022aa
u+022ab
u+022ac

l_
E

EEFEEEEE FE

|_
E

R

FoF
EFFF
E
I
I+

'_
=

'_
E

(S
FE
E F E
I+

I+
I

\models®
\vDash®

FEEF

E
I=

=
I+
-

I=

\Vdash®
I \Vvdash®

I=
¥

I+
lI-

-
I+

-

[
IF M- IF NF

-

I
I+

1=

1=
-

I=

I 1
E I

\VDash

IF

FIFE =
I A A A T

I=

\nvdash®

F ¥ o+ ¥
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Unicode symbol list

2]
'g < B s O g = ~ =

usv 9 8 O <« £ @ & & = » 49 I 4O & = Maco
wo2ad K E B K K B E L E K E FE OE ¢ ¥ \nvDash®
ut022ae K W W KO WK O O K OO ¥ \nvdash®
wi022af ME JE I ke JEE B OE E E E FEOE OB ¥ \nVDash®
u+022b0 < 2 < < < < \prurel
u+022b1 - = > = b S \scurel
w0222 < 4 9 4 4 9 9 9 Q499D g« < \vartriangleleft®
u+022b3 > B> &> > D> > D> D D> D> D> D> D> > \vartriang-

leright@®
wo2bd < 4 2 4 99 g 9 4494949 & <« < \trianglelefteq®
ut022b5 > > =2 > D> B>D>>D>D> B> > > \trianglerighteq®
u+022b6 o o—e oe O—@ Oe 0e O® O® O0Oe Oe 0—e oo O—@ O o-e  \origof
u+022b7 @0 o0 0 6O @0 60 O 6O eO @0 oo eo @O eo oo \imageof
u+022b§ -0 =0 -0 —0 —© —© —o0 -0 -0 o0 —o —0 —o  \multimap®
u022c8 X DA D B X o MM Kox DX X D M \bowtie®
ut022cd 22 © = =2 = = = 2= 2 = » = ¥ = = = \backsimeq?
w022d0 € E € € €E €E € € € € E E € €  \Subset®
u022d1 ® ® ® 2 3 3 D 3D 3 3 >3 D 3 > \Supset®
u+022d4 m m M m h M \pitchfork®
u+022d5 # # # ¥ # # # #F # # # =H= # #  \equalparallel
u022d6 < < € < <€ € < € € € € € < < < < \lessdot®
w02d7 > > > > > > > > > > > > > > > > \gtrdot®
U220 K K K K KKK KKK KK K K= 1@
u022d9 3> 3> 3D S35 IS5 SS SIS IS S 35 3D 3D 3> s 3> \ggg®
w2da S S S £ $SSSSSSES S 555 Vesseqmu®
u+022db % % % % % % % % % % % % % % % % \gtregless®
w22de < < 2 € 2= < 2 22 <X 22 < 2 2 Z \edless
wo2dd > S S S S5 35555 S > S 505 e
w022de 2 2 2 2 Z 2 X 2 £ 2 2 X X X 2z =z \curlyeqprec®
w022df S S S S S S S S S S S S > s s = \curlyeqsuec®
u+022e0 % % £ K 7<\ £ A % % £ % X # X £ % \npreccurlyeq
u022el H# F Ok F FE F O F F P E ¥ X # * ¥ \nsucccurlyeq
wo2e2 L O %2 Z Z O g L T ZEZEZ Z % 2 ¢ \nsqsubseteq
wo22e3 A A A 2 DD p D A2 DA SJ A 2 Z  \nsgsupseteq
wzed L & C CC o CCCLC C g E L L \sqgsubsetneq
w0225 3 1 2 3 33 3 1 33 F T ZJ 2 3 I \sqsupsetneq
u22eb T S S S I ST T ST ST S S OS ,7<b $ s £ \nsim®
w2l 2 2 R 2 Z Z X Z R 2 %2 2 z R 2 % \gosim®
w0228 3 3 3 3 3 3 2 2 23332 é X $ < \precnsim®
u+022e9 27 Z %2 2 Z Iz ZzZz oz ?b % % X \succnsim®
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Unicode symbol list

2]
.E s 2 s 8 E = < o
usv 9 8 0 < £ A @ & & = » 49 T 4O & = Maco
u22ea A A H A A A A A A 4 4 K 76 4 4 \nvartrian-
gleleft
us022eb [F B B B BB I I B B BB D‘ ¥ #  \nvartriang-
leright
u+022ec ﬁ ﬂ R ¥ 4 4 4 £ ﬂ # .}‘i ﬂ ﬂ b 4 \ntrianglelefteq®
u022ed 2 BB B 4 BB op BB R B P % ¥ ¥ \ntriang-
lerighteq®
u+022ee F : : © \vdots®
u+022f0 JER .7 \adots
u+022f1 o - T -, \ddots®
u+022f2 € € < < < < € \disin
u+022f3 a €& g a a a &  \varisins
u+022f4 e & a a a a [ \isins
u+022f5 E € ¢ € E IS € \isindot
u+022f6 € € E S € € €  \varisinobar
u+022f7 E E € € € € € \isinobar
u+022f8 € € ¢ € E € € \isinvb
u+022f9 E E € € E € € \isinE
u+022fa > > > > > > > \nisd
u+022fb B B B B B B B \varnis
u+022fc 5 B B B B =] B} \nis
u+022fd S5 5 5 E) 5 53 5  \varniobar
u+022fe 5 3 3 5 5 5 5  \niobar
u+022Ff E E E E E E E  \bagmember
u+02322 —~ —~ — ~ A~ A" A N~ ~ / N ~ —~ \frown(")
u02323 — — — = v — v o = v —  \smile®
u+0233f + # +  \APLnotslash
u+025b5 A A A A A A \vartriangle®
w0272 L L l 11 1 1+ 1+ 1L 1+ 1 L L 1 L \pep®
u+027¢8 \C \C \C /C \C  \bsolhsub
u+027¢9 D/ o/ D/ D/ D/ \suphsol
u+027d2 v U w w w W \upin
u+027d3 I IS | =l o =l \pullback
u+027d4 o [~ ol [~ \pushout
w027da 3F FJE 3 = 4k 4 9k 9 9 4 dF JE \DashVDash
wt027db - A 4 4 4 4 4 4F 4 4 - -+ 4+ \dashVdash
u+027dc o— o= o= O0— o o= O0— 0= O0— Oo- o— Oo— o— \multimapinv
w027dd f—+—+— — ——+H—F—F—F+— — — \vlongdash
u027de — — — o | — — — — —— — — \longdashv
u+027df I 2 2 { T {7 \cirbot
u+027f0 m m M0 M m ™ m M \UUparrow
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Unicode symbol list

w
ot %) E g
E g g § ] E % § [} = % .’g _5
= 2 E § &5 2 E £ 5 5 &8 T T g E

USv 5 2 3 £ £2 8 2 88 &5 £ 32 &2 5 Mo

u+027f1 g u Y Y v w I \Dbownarrow

u+027f2 DO D D ¥ H O D O \acwgapcirclear-
row

u+027f3 c Cc C CcC & O C ¢ & \cwgapcirclear-
Tow

wuRifE S > P v oo DO DS D '@') © e - \rightarrowono-
plus

U4027F5 ——¢— 6 ¢— — —— 66— ¢— — —¢— — — — —— \longleftarrow(p)

u+027f6 —y—> — — — — —3—> —> —> —>—> —> —> —> —— \longrightarrow®

U+027F7 &> 2 6 e o> > «— > <> \longleftrightar-
row(p)

UH027F8 == = = e e = = = == <= = & &= \Longleftarrow®

0279 — — > > = = — = = = —>»=—— ——» — —> — \Longrightar-
row®

UH027fa £ O & ot S ED e <> = & \Longleft
rightarrow®

u+027fb ¢ ¢ ¢ e ¢ ¢ —«— «— <« «— < \longmapsfrom

u+027fc > > > 5 S F— —> > >+ —> —> — — \longmapsto®

u+027fd e A & s e e e <= < <= <= &= \Longmapsfrom

w027fe P S S P e == | = = > \Longmapsto

U+027FF  7UUS W W AMD A AS ALY S A AUV WS YW AN s s wwwy  \longright-
squigarrow

u+02900 » D D - > 4 »  \nvtwohead-
rightarrow

u+02901 > B - > > #»  4»  \nVtwohead-
rightarrow

u+02902 <& & &G «= <k & & \nvLeftarrow

u+02903 > P B = > P = =H \nvRightarrow

u+02904 D P P P @ b P @ & \nvleftrightar-
Tow

u+02905 > B B > > P> m» > \twoheadmap-
sto

u+02906 H 9 9 9 a9 S eaaE a9 e 4 49 9 —4 \Mapsfrom

u+02907 > B P B BP B B P PR B = B B B B \Mapso

u+02908 1 ¢ ¢ 1 ¢ ¥ ¢ { \downarrow-
barred

u+02909 + F % + % E ? \uparrowbarred

u+0290a m ™ N ™t M ™ o M \Uuparrow

u+0290b g u y g | § ¥ @ || \Ddownarrow

u+0290c - €= €= - €= e «— \leftbkarrow

u+0290d - > - - - > —> \rightbkarrow

u+0290e €= & &e- <-- €= < <-- \leftdbkarrow

u+0290f > > o> --> > > -->  \dbkarrow
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Unicode symbol list

2]
= - 2 g
£ g2 582843 5 § _ &8
s 2 E § $% 2 E £ 5 5 8 3 § g E

UsSv 2 2 38 £« £a0a 8 2 & & &3 =z 2 E E Maao

u+02910 O > > 3> >»  \drbkarrow

u+02911 - > D w0 > ceee) ey ) \rightdotarrow

u+02912 T T 7 T T f ¥ T \baruparrow

u+02913 R 1 _l_ t L | \downarrowbar

u+02914 > » » > > > > \nvrightarrow-
tail

u+02915 e D > Hb> >» . Hb \nVrightarrow-
tail

u+02916 » » » > > > » >» \twohead-
rightarrowtail

u+02917 »o »» »» > >» >»  \nvtwohead-
rightarrowtail

u+02918 > M > > o> o i \nVtwohead-
rightarrowtail

u+02919 — = — — — —  — —< \lefttail

u+0291a _ — — — — > >— \righttail

u+0291b -« =< = — —« <« —« —« \leftdbltail

u+0291c »— = »— »— »— »  » » \rightdbltail

u+0291d ‘e e - " e +— \diamondleftar-
row

u+0291e e D e > —>e e —>+ \rightarrowdia-
mond

u+0291f e e B o o +—  \diamondleftar-
rowbar

u+02920 e P e (ad e e P \barrightarrow-
diamond

u+02921 NN N N NN N \nwsearrow

u+02922 J 7/ /" 7z 7 /" \neswarrow

u+02923 NS \ N \ hN N \hknwarrow

u+02924 7 ¢ /7 e ( 7 7 \hknearrow

u+02925 AN \ N Q‘ N S \hksearrow

u+02926 J 72 J Jz 2 7 /  \hkswarrow

u+02927 X X ~ X X ) \tona

u+02928 X X X X X X X \toea

u+02929 X %X X X X X% X \tosa

u+0292a X X X ¢ X X X \towa

u+02933 ~SOS S ~) ~ ~ o~ ~> \rightcurvedar-
row

u+02936 J ¢ J — J < \leftdown-
curvedarrow

u+02937 G L L G — O G \rightdown-
curvedarrow
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Unicode symbol list

2]
< =
8 = %) k=] 1
£ g 2252843 5 8 _ &8
= 2 E 8 % 2 5§ 8 5228 5 § g E
USv 5 8 0 4 £ 2 @4 8 & = & 4O T 3 i 2 Maco
u+02938 ) 2 ) ) 2 ) ) \cwrightarcar-
Tow
u+02939 ¢ ¢ ¢ 4 Q Q (  \acwleftarcar-
row
u+0293a > e N N ¥ my «~ \acwoverarcar-
row
u+0293b (R A A ~—  \acwunderarcar-
row
u+0293c ~ A~ ~ = ~~ = \curvear-
rowrightminus
u+0293d e A _w S A i~ \curvearrowleft-
plus
u+0293e O © D ) DY) <  \cwunder-
curvearrow
u+0293f & & G G ¢ G & \ccwunder-
curvearrow
u+02940 O o6 0O @) d 0 O \acwcirclearrow
u+02941 O @) O O O O o \cwcirclearrow
u+02942 oo g = < <> \rightarrow-
shortleftarrow
u+02943 S S S5 < < S << \leftarrowshort-
rightarrow
u+02944 2 2 2 < 2 «2 \shortrightar-
rowleftarrow
u+02945 > o T - g 7 \rightarrowplus
u+02946 < < = < =T <= «F \leftarrowplus
u+02947 e > 2 o - \rightarrowx
u+02948 “© ©@ <» = 5> <> <« \leftrightarrow-
circle
u+02949 3 % ﬁ 3 i 3 f \twoheadupar-
rowcircle
u+0294a End el «> < 4 <+ \leftrighthar-
poonupdown
u+0294b — ~— ~ — <« < \leftrighthar-
poondownup
u+0294c (O ) ! ! | \updownhar-
poonrightleft
u+0294d 1 1 1 1 1 11 1 \updownhar-
poonleftright
u+0294e — e . — > > e o \Jeftrighthar-
poonupup
u+0294f [ A ¥ [: b I [ \updownhar-
poonrightright
u+02950 ~ 7 ~ ~ ~ ~» <7 \leftrighthar-
poondowndown
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Unicode symbol list

2]
= - 2 g
2z igfLifos
= 2 E 8 % 2 5§ 8 5228 5 § g E

UsSv 2 2 38 £« £a0a 8 2 & & &3 =z 2 E E Maao

u+02951 11 1 1 ! ¢ 1 1 \updownhar-
poonleftleft

u+02952 = = = = — = ¥—  \barlefthar-
poonup

u+02953 e B Bl - e —  \righthar-
poonupbar

u+02954 T T T T i T T \barupharpoon-
right

u+02955 1 L 1 1 _l b | \downharpoon-
rightbar

u+02956 M~ Kk — ~— = ~  \barlefthar-
poondown

u+02957 — = - — —_—1 = —  \rightharpoon-
downbar

u+02958 7 1T 71 1 T 1 T  \barupharpoon-
left

u+02959 1 1 ! { J_ i | \downharpoon-
leftbar

u+0295a e | “~ <« A <« < \leftharpoonup-
bar

u+0295b i = — +— = = \barrighthar-
poonup

u+0295¢ 7 I I ! ! [ \upharpoon-
rightbar

u+0295d T 1T 1 T I 7 T T \bardownhar-
poonright

u+0295e ~— ~ ~ ~— ~ < <+ \leftharpoon-
downbar

u+0295f = = = = — +— + F—~ \barrighthar-
poondown

u+02960 1 1 1 1 1 1 1 1 \upharpoonleft-
bar

u+02961 T T 7 T ] T 1 T \pardownhar
poonleft

u+02962 == & = = = = \leftharpoon-
supdown

u+02963 T m 1 1 1T 1M \upharpoon-
sleftright

u+02964 = S5 = = = = = \rightharpoon-
supdown

u+02965 1| I | Il \downharpoon-
sleftright

u+02966 = s = = = = = \leftrighthar-
poonsup
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Unicode symbol list

2]
< %) E <
S22 888, : o8 E
= 2 5 g8 % 2 E £ 5% 2 3 g g E

USv 9 8 O <« £ @ & & = » 49 I 4O & = Maco

u+02967 = =5 = = = = = \leftrighthar-
poonsdown

u+02968 = = = = = = — \rightlefthar-
poonsup

u+02969 = = < = = = —= \rightlefthar-
poonsdown

u+0296a = = = = = = = \leftharpoonup-
dash

u+0296b = = - = = = — \dashlefthar-
poondown

u+0296¢ = = = = = = \righthar-
poonupdash

u+0296d = =5 == = = = = \dashrighthar-
poondown

u+0296e 1 1 1 1 1 % 1 1 \updownhar-
poonsleftright

u+0296F wonro I & & I \downuphar-
poonsleftright

u+02970 = = = = oD = = \rightimply

u+02971 S5 S S S 5 05 = \equalrightar-
row

u+02972 B e = = = = = \similarrightar-
row

u+02973 < & = < < = o« << \leftarrowsimi-
lar

u+02974 = = = = - \rightarrowsimi-
lar

u+02975 2 2 = =2 = 5> = = \rightarrowap-
prox

u+02976 £ & & < < = £ \tarr

u+02977 « <« «< < < «< \leftarrowless

u+02978 =P > = 3 > \gtrarr

u+02979 S S S S S g G \subrarr

u+0297a € € <« “«< €« <« «€ \leftarrowsub-
set

u+0297b 2 2 2 2 2 2 2  \suplarr

u+0297¢ ~ & & — &~ & & \leftfishtail

u+0297d =3 3 3 = —3 =3 3 \rightfishtail

u+0297e T r 7 T T T L \upfishtail

u+0297f L + & L &b N T  \downfishtail

u+02982 s 8 8 s @ 3 s \typecolon

u+029ce 2 &2 2 % B \rtriltri

u+029cf Q4 <@ < <l | < \ltrivb

u+029d0 > > > > > > \vbrtri
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Unicode symbol list

2]
- 5
= ¢ E 35 %8925 £5z22 3 § g &

usv 9 8 0 < £ A @ & & = » 49 T 4O & = Maco
u+029d1 | I ] X [ X \Ifbowtie
u+029d2 D bt D 2] D M \rfbowtie
u+029d3 M P M M M \fbowtie
u+029d4 Ko< K X X X \Iftimes
u+029d5 M > b b, | X \rftimes
u+029df 0—0 0—0 00 o—o o—0 oo \dualmap
u+029el 4 a2 4 < A < \Irtriangleeq
u+029e3 # ## # # #  \eparsl
u+029e4 # # # # # #  \smeparsl
u+029e5 # # # # # #  \eqvparsl
u+029e6 H & d H H H  \gleichstark
u+029f4 e d — > \ruledelayed
u+02a59 WX X X )°( s X \veeonwedge
u+02a66 = = = = = = \eqdot
u+02a67 = = = = = = = \dotequiv
u+02a68 # # = # E: I #  \equivVert
u+02a69 # # = # :: #  \equivVvert
u+02a6a Y ~ ~ A <~ \dotsim
u+02a6b & ~ ~ ~  \simrdots
u+02a6c¢ 5 = = = =z o= = \simminussim
u+02a6d & = 2 & & = = \congdot
u+02a6e £ £ = £ X = e \asteq
u+02a6f & R 2 & s R £ \hatapprox
u+02a70 EE oz = r = = \approxeqq
u+02a73 = = = = = = = \eqgsim
u+02a74 u= n= = = = \Coloneq
u+02a75 == == == == == == == \egeq
u+02a76 —======== === === === \egeqeq
u+02a77 = = = = = = \ddotseq
u+02a78 = 2 o= = = = £ \equivDD
u+02a79 < < < < < < < \ltcir
u+02a7a > > > > > > > \gtcir
u+02a7b r k k X x & \ltquest
u+02a7c 2 3 g 3 > 3 b3 \gtquest
w2a7d < € € € € £ € € € € £ € £ < g £ Negslant®
waze = = 2> =2 2 = > =2 2 2 =2 2 = = 2 2z \gegslamt®
u+02a7f < < < < < < < \lesdot
u+02a80 > > 2 > > = > \gesdot
u+02a81 X € & S $ < < \lesdoto
u+02a82 =z = 2 = 2 = > \gesdoto
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Unicode symbol list

Macro

uorury

eIrg

epHNT
SIUR[PH

snunIqry

ZxXns
SOULIDL,
e[oydS
wnuog
mg
nAelq
e[ded

euRSY
erIquIe)
SIX

WT

Usv

\lesdotor

<

v/

v/

v/

v/

u+02a83
u+02a84
u+02a85
u+02a86
u+02a87
u+02a88
u+02a89
u+02a8a

S s - = & %
~ o = - w
- 2 & % 5 5 ¢
S o = - S = o —_
= S~ B = =
s 2 83 % A 5 g &
S8 s g 2g g 9
£ 25 g g T g g 5
Y 0 5 B E & 2 B
A VAL VE A VR AR VIIA ALV

\Isime

Vi

\gsime

NI

£ E
2 %
=
VIN NV

\IgE
\glE

VAII

\lesges

\gesles

\egslantless®

NIEVIN NV

A VEAL VBN VR AR VIAAIV VUL N VI ANV VAT NIEVIN ANV

\AAN

Vo AUV A VR AR VIA AIV
VAR Vi A VR AR VIA NIV
VR AR Vi At VR AR VIA AV
V&N NE AN VAR NN N
VA VE AR VR AR VA AIV
V& AR Vi At V& AR VIIA NIV

AN VA VE A VR AR VIA NIV

VR AR VI AFVRARVIANINV

u+02a8b
u+02a8c

Ve

u+02a8d

ANl VAN NV

u+02a8e

u+02a8f

u+02a90

AII

u+02a91

VLN NVRAVE MVRARVIAANIVVANINANNVNVNIN IVINANV WV

AN VRAR VEAFVRARVIIA AIIV VU AL VA AV VAL NVIEVIN AV

WV
Vv
\%
WV
\%
WV

NI VIN N WV

u+02a92

u+02a93

u+02a94
u+02a95
u+02a96
u+02a97
u+02a98
u+02a99
u+02a9a
u+02a9%b
u+02a9c
u+02a9d
u+02a9%e

ANAVAVE A VR AR VIAAIV VAL VA ARV NI VI VN N
V/ AN VRAR VI AFVRARVIIA ALY VI AU VA AV VAIL NVIEVIN AV NV /A

WV

\egslantgtr®
\elsdot

>

N

IN

N
N
N
N
IN
N
N

N

N

N

\%

\egsdot

\eqqless
\eqqgtr

<

\eqgslantless

2

\eqgslantgtr

S

\simless

<

INIVIIAN W NV

\simgtr

\simgE

\Lt
\Gt

NI

WA\ VI A

\2

W AIVIANV JA SV ASVISATV

\%

\%

\Y

ANV IIANY AV A VIR

VA 1A

I\ IV IIA
NIV IIA

WV A

A\

Vv

W/

4%

VA%

2\

AN

W /A RV N

VIV

VI Y

VIE AN Y

u+02a9f

u+02aa0

u+02aal

>

>

u+02aa2

\partialmeet-
contraction

\glj

<

<

<

<

< x <

u+02aa3

X

B3
>< ><

x

u+02aa4

>< \gla

><

X > ><

<

u+02aas

\ltcc

Q

<

u+02aab

Fortsetzung ...

183
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2]
< 3
= 2 5 &8 v 2 § £ 5% s 3T § EE

usv 9 8 0 < £ A @ & & = » 49 T 4O & = Maco
u+02aa’7 (> > b2 (> o \gtce
u+02aa8 Q Q < N} L < Q  \lescc
u+02aa9 cC e & >3 & o & \gescc
u+02aaa < < < < < < < \smt
u+02aab > > > > > > > \lat
u+02aac < = = < f < < \smte
u+02aad > = = > 2 > > \late
u+02aae = = = = = = = \bumpeqq
waaf = <X = £ £ <X x <X << =<x<x <X X < \preceq®
w02ab0 > > = = > = = > > > > = = > \succeq®
u+02abl < 3z = < =2 2 X < \precneq
u+02ab2 > z =z P >z = = > \succneq
u+02ab3 < =2 = < < = é = = \preceqq
u+02ab4 z z z = > rx =z z Z  \succeqq
u+02ab5s = < 3 é 7 X \precneqq®
u+02ab6 zZ z z = zZ =z ; z % \succneqq®
u+02ab7 é 2 = 2 3 é 3 < \precapprox®
u+02ab8 g Z Z z z g % Z  \succapprox®
u+02ab9 ;5 = 3 3 s 2 s % \precnapprox®
u+02aba ; z z z % g by % \succnapprox®
u+02abb < XK < << << \Prec
u+02abc > > > > - > »>  \Succ
u+02abd C €& < [a C a G \subsetdot
u+02abe > D D D] D] D) D \supsetdot
u+02abf ¢ ¢ ¢ = (; < ¢  \subsetplus
u+02aco ? 2?2 2 ? ? ? ?  \supsetplus
u+02acl S & £ 5% g < & \submult
u+02ac2 2 RR ? :x) 2 2 \supmult
u+02ac3 c C ¢ < g c € \subedot
u+02ac4 5 D > = 2 ) D \supedot
u+02acs c & ¢ c - g & € \subseteqgg®
u+02acé 2 2 2 2 2 2 =2 D \supseteqq®
u+02ac? c < C - g < C  \subsim
u+02ac8 2 =2 2 2 2 = 2 \supsim
u+02ac9 % S S g g S < \subsetapprox
u+02aca % = = g § = =2  \supsetapprox
u+02ach ;Ct E < - g ; & G \subsetneqq®
u+02acc ;3,: 2 2 2 2 2 2 2 \supsetneqq®
u+02acd C C C C C C T \Isghook
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2]
< 3
5 g2z .84 ,% £ 8 %
= ¢ E 3§ %8925 £5z22 3 § g &

usv 9 8 O <« £ @ & & = » 49 I 4O & = Maco
u+02ace —1 1 - 1 3 1 \rsghook
u+02acf a a a a a @ d \csub
u+02ad0 D D D D D D D  \csup
u+02ad1 a a d @] a g« a  \csube
u+02ad2 D B D D D Db D \csupe
u+02ad3 S S s S S S % \subsup
u+02ad4 2 2 e 2 2 2 2 \supsub
u+02ad5 E E < E E s E \subsub
u+02ad6 3 3 3 3 3 3 % \supsup
u+02ad7 OC DC o C oC DC DC \suphsub
u+02ads D€ BE = o< 2 o€ >C  \supdsub
u+02ad9 M M m m m m m  \forkv
u+02ada ) - i A M M \topfork
u+02adb ) ) h M M \mlcp
u+02adc VT N/ VA PR & \forks
u+02add (U N U] .,JG Ny & \forksnot
u+02ade 4 4 A 4 - 1 4 \shortlefttack
u+02adf T T T T T - T \shortdowntack
u+02ae0 1 . L L L o - \shortuptack
u+02ae2 E E E E E = E  \vDdash
u+02ae3 =l o4 4 =l o | -l \dashVv
u+02ae4 4 4 F = 4 3 = \Dashv
u+02ae5 S | =l 30 = 3l  \DashV
u+02ae6 F *+ i = & k-  \varVdash
u+02ae7 T F - T T 7T +  \Barv
u+02ae8 L L = L L L L  \vBar
u+02ae9 = =+ =+ = + + T+ \vBarv
u+02aea m™ T 7 m ™ T T \barV
u+02aeb 1 o 1 I 1 \Vbar
u+02aec 9 3 = 3 = = = \Not
u+02aed F = = F F = = \bNot
u+02aee I 4+ 1 1 'f } {  \revnmid
u+02aef T ¢ 9 { ? ? {  \cirmid
u+02af0 Loy | Loy L \midcir
u+02af2 + 4+ # # -H- # 4 \nhpar
u+02af3 I 4 'H’ # 4 \parsim
u+02af7 KX <LK < < < < <& \llnest
u+02af8 > > > > > > > \gggnest
u+02af9 § S S § § § S § \leqgslant
u+02afa Z z z = Z Z > Z  \geqgslant
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2]
= - 2 g
£ g2 582843 5 § _ &8
=253 258525312 32 F¢g ¢

UsSv 5 8 0 < £ 2 @ 8 & = & 4 an S & =  Macro

u+02b30 <o «“©> o <9 <= < <« \circleonleftar-
Trow

u+02b31 g E E & E = E E g e = E £ = \leftthreear-
TOWS

u+02b32 <« <« «D ‘@' «@ <« \leftarrowono-
plus

u+02b33 VU e CAM @ W ANV €W GV U v A~ @ e \longleft-
squigarrow

u+02b34 “t+ “ “+ <+ « «+— \nvtwoheadleft-
arrow

u+02b35 « <« ot <t «t « \nVtwoheadleft-
arrow

u+02b36 <« <« <« <« «4 « \twoheadmaps-
from

u+02b37 «-=< «“= “«--<C «-< «< \twoheadleftd-
bkarrow

u+02b38 s - . Conen . \leftdotarrow

u+02b39 = “= “«~ = e« < \nvleftarrowtail

u+02b3a “ << “K << e dx \nVleftarrowtail

u+02b3b «< «= «< «=< «<  «<  \twoheadleftar-
rowtail

u+02b3c “K « “« “«k «x  «< \nvtwoheadleft-
arrowtail

u+02b3d “ “«“t< “W< «k @ @< \nVtwoheadleft-
arrowtail

u+02b3e ©c e ¢ o= \leftarrowx

u+02b3f « S « « \leftcurvedar-
TOW

u+02b40 <« & < <= & \equalleftarrow

u+02b41 «< = «< «= —  \bsimilarleftar-
oW

u+02b42 = = < = <=  \leftarrowback-
approx

u+02b43 > > > > >>  \rightarrowgtr

u+02b44 > > > > >> \rightarrow-
supset

u+02b45 & &E & &E & & \lLeftarrow

u+02b46 > > > =2 S > \RRightarrow

u+02b47 =5 =y =5 =y = \bsimilar-
rightarrow

u+02b48 = = = > = \rightarrow-
backapprox

u+02b49 «= «= « «= < \similarleftar-
row
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Macro

uoruIpy

Bl

epHNT

SIUR[[PH

snunIqry

Zxns

SOULIDL,
e[oydS
wnuog
hel e
nAelq
e[Pded
rURSY
eLIqUIR)
SHX

WT

Usv

\leftarrowap-

prox

=

h«z

/—WN

R

u+02b4a

\leftarrowbsimi-
lar

<=

u+02b4b

\rightarrowb-

similar

=

3

u+02b4c
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188

\mathop (big operators)
Die Anordnung der ”‘Limits” ist davon abhédngig ob das Makro \Timits eingesetzt wird.

Macro

uorury

eIrg

epONT

JTUR[[PH

SnunqrT

ZxXns

SOULIO],

eloydS

wnuog

Mg

naelq

e[Pded

rURSY

eLqure)

SHX

WT

usv

— o

e e e e Tt |
—'NO—':O—':O—'NOQ g’

= AEN

u+02140

u+0220f

u+02210

\iiint

1
0

3/l

- b ou
AN s s =S
—

C o

1

- =)
S I
o o u

Il =5 =

-

1 2 = =
- o = S <
—NO< —
e e = =
— - o

HNO o —2 =
Hwo‘q‘_‘ﬁo ho

I

3

u+02211
u+0222b
u+0222c

1
u+0222d ///
0
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Unicode symbol list

Macro

uorury

Bl

epoNT

JTUS[[PH

SNUNIAQIT

Zxns

SOULID,

e[oyDS

wnuog

Ismyg

nAelq

e[P8ed

RURSY

eLIqure)

SHX

T

usv

=
o X~
. %] = U
Ecg ¢£=
= = =<
— — O
- o
—_— ——

B2 s S
H o HaC -
e T« S

ol —~ -
T F e
o o o
E@i’ﬁﬁ’i& NS
B HE es  we

wise

\ointc-
trclock-

1
0

$

1

%

1 {; ¢1
0 0 0

§

1

%

T

u+02233

wise
\big-
wedge®

A
0

\bigvee®

v
0
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=
2 G g
o = 2 = a
o ] = ' = ' o 15}
= < o (] =} oM Q = .
g 2 ® $&£g5 ®eg Efg T 2 2
= = = ZoL 22 =238 = = =
UOTUIN ~( o —~ o —X o Yo —<Xo —<—|o-—<|—o-—<\o
el

epont | (o = Do
o | - o~ Jo-Fo ~Ro ~Bo ——jo-f—o-\_©
snunnqry | (o= e
ows | ~(ComDomFe %o =Ko ~—omie ~~o
sownL | ~(_e ~_)° ——e ——=
vows | «(o = o o ~-o
wnuog | ~(_o ~_ o ~—o ~l-o

o | ~C o= De o me
npefq | <o o o —}-o

epfed | ~(_o —~__ o —~—o —}-o
euesy | —( o Jo—~Xo —Xo HXO ——]o o «———o
eriqure) | — o )OHXO HXO HXO ——jo o = T~_o

SIIY ~Co~Do~Xo -Xe ~Xo o~ —o="~_o

W1 HCOHDO |—«—|o|—<}—o

u+022c2
u+022c3
u+027d5
u+027d6
u+027d7
u+027d8
u+027d9
u+029f8

usv
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Unicode symbol list

Macro

uorury

Bl

epoNT

JTUS[[PH

SNUNIAQIT

Zxns

SOULID,

e[oyDS

wnuog

Ismyg

nAelq

e[P8ed

RURSY

eLIqure)

1Y

T

usv

a

G a

3 2 Sy 2

—_ , = , & L -

2 g o [<NE;] g 5155 z g

8 S0 2z 2E 2. Bz 2y 02

=] I+

= = 248 25 28 2&a 28 2
-0 —<®o ﬁ@o ﬂ®o ~ Do - Do ~[_e ~_Jo

e (DerPerRe-Do-Pe-[Co-I-
O~ D-D-C- -
-~ P- Q- D=- Do

u+029f9
u+02a00
u+02a01
u+02a02
u+02a03
u+02a04
u+02a05
u+02a06
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- 3UNz19S110,]

0 0
O fooos

1

£y f e
R A A Fou o f
wawn, o ﬁ fou ﬁw
§§S§§§§§§§§§§§g§§§3

—

S

—

0
0 0 0
E:m/ qoeCo+n
ﬂ% ~% —W ﬁ% ﬁ% H% ﬁw
wnsom 0 o) 0 0 0 g
-pour\ W .W W @ q W W eQego+n
1 i | T I ! |
soum 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ERING X X X X X X x X X X X X X en
: . | . 1 T 1 L 1 1 I ; . I
Juenb( 0 0 0 0 0 Y Y
I I J 1 1 1 [
juenb( 0 0 0 0 0 0 0
3 wo\ \VARRV < < /X\ < £0BZ0+n
m I I } 1 T 1 I
¥
£ OEN = e m W E X m_ &g g g M QM z £ = = ASQ)
=] o % = =1 o »n
> = c. = 1o o [ ) =
n 5 a @ =1 ~ 3 2 = = = = 54 g
v = E m 5 2 ® 3 = ® 5
T e o
° »
2
c
=
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Unicode symbol list

E . E g £ :
<] = 5 5 9 = = = y
= i) .= = =} E=! g ] >< on
=l 5§ 2 &5 § & & % Ef E |§
= = = Za 2= = = =z P = E
o
— O - O = — O — O =) — O — o — O %%}
uoruriy ——m 5, e - O s B =6 =
o
=
eIl
“. . o T.o ¢ o T o, ..o T o T,o T, o
epony L T U o W g s~ L
— O 7 — O — O — O — O — O — O — O
OTUR[[9 o 0
WIPH | o 30 ) o, @ e, ' BN
snun.eqry

Zxns 1@4*\;\0%@ H\f\\OHUAOL@\OLE\;*O A%SC’

SAULID T, " 2
eIOYPOS - S

1

[¢]

wnuog PR

omy s <
nAelQ NS
e[[a8ed RIS

— — o~ — — — — — o —
euRSY | ¢ Oqé W‘f“—'“f%‘ o5 ocE L, ©
) | 1T LT W W W W W Y S

| e g e TS s s e eSS s

Wi -9

u+02a10
u+02all
u+02a12
u+02al3
u+02al4
u+02al5
u+02al6
u+02al7
u+02a18

usv
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Unicode symbol list

194

Macro

uorury

eIrg

epNT

OTUR[[PH

STUNIAI]

Zxns

SOULIDT,

eIoyDS

wnuog

My

naelq

e[Pded

RURSY

eLIqure)

SHX

WT

usv

g 5 5 g .
3] 3] = § [=] g
£ | ) g 2 =8
= B=| = - ) Q=
~ ~ ~ ~ = =
— O =] — O — O

= = = 9 - Xe=Ve

— — — - (=]
e 5o L= ~ IHXOHVO

— O — O

e &Y T—9— e-%o-Vo

st f—o " — 3~ Xo= Vo

1*5315}3 ?_g 1_$ —~Xo —Vo

- O - O - O i

= = I— %ol HXO Ve

gleleft

v .
E 2 g
= =
9 =) IS
N N N g
.—‘ooo-ﬁﬂo-—u_o

HumOHAO —. O

—-f\c:~— 0

-—400\0-—4&0—41—0

—oR o ~AC =4O

—eaO HANO H4—O

e Ss s - X=-Ve -we-As-s

u+02a19
u+02ala
u+02alb
u+02alc
u+02ald
u+02ale

u+02alf
u+02a20
u+02a21
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- 3UNZz195110]
ua.aed
-I9A0\ A+x £A+x A4 x Ad4+x d+x d+x £+x A+x A4+Xx A+x A+x A+x A4+4x A4 x fi+x dpczoen
~—— ~ ~ ~— ~—— ~— ~—— _ — N—— ~——— ~————
1dRIq
o\ A +x A+x A+x £d+x d+x d+x £+x A+x A+x A+x A+x A+x A4+x A+x A+ T vagzom
X At X { { _ . vl . , . ,
OIDRN =z e = as) = %) — 9 = o5! o xS > e b = ASN
= 5= & E § & & & & § £ & & § & =
=. I =5 - —_
= = g = 3 ® 5 = 5 ® 2
(=1
w»
JaA0yew\
peydIq 0 0
-eIe\ < AJ) T4o9T+n
1 I
fewx 0 0
-dIqere\ - - 0499T+n
1
guoiqor 0 0 0 0 0 0 mv
s\ ] : = : ] [ = J4e70+n
1 1 | 1 1 T mv
JARI[ID) 0 0 0 0 0 0
wsa | il I || >yezom
T
! E | 1 ! I
OJDRIN < ez = as} = %) — 9 = 2] o g > o) > = ASN
= & & = § & § g £ § £ &€ § 8§ # F=
s - : 5 5§ % 2 F 2 g
) m )
»
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—_——

@RI ~— —— —— e —— ——
wpun\ A rx A+x £+Xx A4+x A+x £+x £+x 4% A+x A+Xx K+X A+x A+x £+x &+x A+ spszoen
uoaed — —~ — _ _— — T —_ —
-Topun\ Aex £4+x A4+x £+x d+x £+x £4+4x A+x A+x A+x A+x A+x £+x Ad+x fi4 T ppezon
1deIq ~ — I . —_— r " .
-epun\ A +x A+ x A+x £+x d+x €+x £+x A4+x A+x A+x A4+x A+x £+x d+x fi4+ T saez0+n
=3 ] = =]
: = £ ¢ " 3 F 5 2 5 F £
Qo
&
Japunyiew\
- (@°81q
= a0\ A+x f+x £+x A4+x A+x £d4x £+x £+x A+x A+x A4+4x A+x A+x A+x 44+x fi+x opeoen
d + —_—— —— —— —— S~——
el
omey =z o] = o] o @ o £ g g % g Z & & £
g = § ¢ E ¢ ¢ 3§ ¢ § E £ £ & § 7 = ™
w 5% a. D) = N m S c = M m w o
. = o m E 2 o 3 = o =
° g }
° w
2
[=
=
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Unicode symbol list

\mathalpha

Zeichentyp Seite ‘ Zeichentyp Seite

—
©
x
=
]

Upright Greek, lowercase
Italic, Latin, lowercase

ITtalic Greek, lowercase
Script, Latin, lowercase
Fraktur, Latin, lowercase
Blackboard, Latin, lowercase
Sans serif, Latin, lowercase
Italic sans serif, Latin, lowercase
Typewriter, Latin, lowercase
Bold, Latin, lowercase

Bold Greek, lowercase

Bold italic, Latin, lowercase

Upright Greek, uppercase
Italic, Latin, uppercase

Italic Greek, uppercase
Script, Latin, uppercase
Fraktur, Latin, uppercase
Blackboard, Latin, uppercase
Sans serif, Latin, uppercase
Italic sans serif, Latin, uppercase
Typewriter, Latin, uppercase
Bold, Latin, uppercase

Bold Greek, uppercase

Bold italic, Latin, uppercase

%] DS
oo
=lo
oo
oo
wjl o

o
[}
=
o
o
=

no
(=]
Ul
no
(=]
o1

N
o
D
%]
o
J

[}
o
x®
no
o
%]

[)®]
=]
O
N
—_
)

[N
—
—
[
—
N

]
[
[o8)
N
—_
W

)
—
~l
N
(o]

Bold italic Greek, uppercase

Bold script, Latin, uppercase

Bold fraktur, Latin, uppercase
Bold sans serif, Latin, uppercase
Bold italic sans serif, Latin, upper-
case

Bold sans serif Greek, uppercase
Bold italic sans serif Greek, upper-

PO POl PO PO
N PO O —
o] Keop] X K<=)

N
w
o

Bold italic Greek, lowercase

Bold script, Latin, lowercase

Bold fraktur, Latin, lowercase
Bold sans serif, Latin, lowercase
Bold italic sans serif, Latin, lower-
case

Bold sans serif Greek, lowercase
Bold italic sans serif Greek, lower-

case

case

Ein groRer Teil der Zeichen, die unter der Kategorie \mathalpha aufgefiihrt
werden, befinden sich auch im normalen Textsatz und sind tiber die Befehle
\math<Typ> zugéanglich. Nur fiir den Fall, dass der Text”=Zeichensatz einen
zugehorigen mathematischen Zeichensatz besitzt, kann man davon ausgehen,
dass es keine Unterschiede gibt (wie bei der Libertinus im folgenden Beispiel).
Die beiden Beispiele zeigen jeweils eine Gegeniiberstellung von \math<Typ> und
\sym<Typ>.

Zeichensatz Libertinus (Text und Mathe):

$\mathrm{A}\mathit{A}\mathsf{A}\mathbf{A}\mathbf{\mathit{A}} \Leftrightarrow
\symup{A}\symit{A}\symsf{A}\symbf{A}\symbfit{A}$

AAAAA & AAAAA
Zeichensitze Pagella (Text) und Cambria Math:

$\mathrm{A}\mathit{A}\mathsf{A}\mathbf{A}\mathbf{\mathit{A}} \Leftrightarrow
\symup{A}\symit{A}\symsf{A}\symbf{A}\symbfit{A}$

AAAA A & AAAAA
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m Unicode symbol list

Upright Greek, uppercase

g = E %) é <
= - f:“ g =] 5] E, E o] =
.z =53 FE 2 22 EY RS g
usv 5 2 & 2 £ 4 8 & 8 & 3 =2 £ 2 £ E Mawo
w0039 A A A A A A A A A A A A A A A A -
pPAl-
pha
w0032 B B B B B B B B B B B B B B B B \mup
Beta
woosss ' T ' T T © I ¢ I T T ' ' T r T \mupGamma
woo3ss A A A A A A A A A A A A A A A A \mupDela
wo3ss E E E E E E E E E E E E E E E E \mu
PEp-
silon
woosse 2 Z Z Z Z 7 Z Z Z Z Z Z Z 7 7 7 \mupZeta
woos? H H HHHHHHHHHHHHH H \mu
pEta
us00398 © ® 6 © © ®© © ® 06 ® 6 O © ® 6 O \mu-
Theta
woo399 I I I I T 1 I T I T 1 I | T 1 I \mup-
ota
wonzsa K K K K K K K K K K K K K K K K \mup
Kappa
w003 A A A A A A A A A A A A ANANA -
pLambda
wossc M MMM MM MMMMMMMMM M \mupMu
wo03dd N N N N N N N N N N N N N N N N \mupNu
wo03%e = 2 E E B E Z B B E E E Z E z E \muwxi
woozof O O 0 O O O O O O O 0 O O 0 0 O \mupOmi-
cron
w0030 II IT I IT IT IT 11T IT II II II II TT IO N II \mupPi
woozat P P P P P P P P P P P P P P P P \mupRho
w033 X X X X ¥ X XL X 3 X X ¥ X X 3 2 \mup
Sigma
woozsas T T T T T T T T T T T T T T T T \mup
Tau
woo3as ¥ Y Y Y ' Y Y Y YT Y Y Y Y Y Y Y \mupUp
silon
woozae & & & & & & P & P P d O O P O D \mup
Phi
woo3a7 X X X X X X X X X X X X X X X X \mupChi
woosas ¥V ¥ W W Y U Y WY WYY Y Y WY Y \mu-
Psi
wonzad 2 Q& O QO O O O Q@ O QO Q0 QO Q QO 0 Q \mupOmega

Upright Greek, lowercase
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Unicode symbol list

= » g g
sy % 2 8 2 &8 &2 2288 & 83 2 2 E 2 Moo
u+003bl @ o o o o o &« a o o o o o o o a \mupalpha
wos2 B B B p B B B P B B B P B B B P \mupben
w03 Y Y Y Y Y Y Y Y Y Y Y Y Y Y YV Y \mupgamma
u003b4 & & 8§ O 8 6 &5 & O 8 8 8 & & & O \mupdelta
u+003b5 € € € & € 1) £ € € € € € € & € & \mup-
varepsilon
woske C ¢ 0 C T T C % L ¢ ¢ ¢ T T { \mupea
w0037 M M M M W M M N M M N N M NN TN \mupeta
woo3bs © O 6 6 6 6 6 6 0 06 6 6 B8 6 6 0 \muptheta
u+003b9 L 1 L L L 1 L 1 L 1 L l 1 L l L \mupiota
u+003ba K K K K K K K K K K X K K K K K \mup-
kappa
w003lb A A A A A A A A A A A A A XA A A \mu
plambda
w003be B B B H B B K M R B R P B W M [ \mupmu
u+003bd v v Vv v VvV DD V V V v v v vV vV vV V \mupnu
woosbe § & & & C & & § E & & E & & & & \mux
u+003bf O 0 O O 0 O O o 0 (6] o O O O O O \mupomi-
cron
u+003¢c0 ™" T T T TT O 7T II M T T JT T TU T T \muppi
WL p p P P P P P P P P P P P P P P \mupho
u+003c2 ¢ ¢ ¢ ¢ G G S 8§ ¢ ¢ ¢ § ¢ G G \mupvar
sigma
u+003c3 0 6 0 0 O O O O O 0 0O O O O 0 O \mup-
sigma
u+003c4 T T T T T T T T T T T T T T T T \muptau
u+003¢5 v » v » vV » vV U VYV U L L U UL U vV \mupup-
silon
WlcE P P @ P P P @ @ P P P P P P @ @ \mup
varphi
w037 X X X X X X X X X X X X X X X X \mupchi
woses by U b Y ow b ow vy bYW W p Y \muppsi
u+003c9 W W W W W W W W W O W W W W W W \mupomega
woosdL ¥ 9 9 9 9 9 D 9 I ¥ 8 Y % % 9 9 \mupvar
theta
wosds & b b O P b b o b b b b b b b ¢ \mupphi
u+003d6 W W W ® @ W ® @ W W W ® W W ®W O \mupvarpi
u+003dc F F F F F F F F \up-
Digamma
u+003dd F F F F F F \up-
digamma
u+003f0 U X U H U H L U X R AU U M X N U \mup-
varkappa
Fortsetzung ...
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Unicode symbol list

Macro

uoruriy
RILL
epoNT
JIUR[[°H
snunILqry
Zxns
SOULID L,
e[oYdS
wnuog
Mg
naeldq
e[Pded
rURSY
eLIqUIE)
SHX

W1

Usv

o e 0 \mupvar-

e ¢ 0 @

Y

Q
© 06 66 6 6 660 6

u+003f1 0 Q@ @ 0 0 @

tho
6 ©O \mupvar-

u+003f4 © O

Theta
€ \mupep-

€

€

€

u+003f5

silon

Italic, Latin, uppercase

RILL
epoNT
JIUR[[9H
snunIaqry
Zxns
SOULID T,
R[OYDS
wnuog
Mg
naelq
e[[a8ed
rURSY
eLIqUIR)
SHX

WT

Usv

tD

................

D D \m
E E

D
E

=

S
tT

=== - = = = = = == = =

LOTI—-—-~¥aS =004 O cx

N O T~

<TxoOoQWL OI —
O T~
L OT o~
O~
<AROQARKRTT~
OAR KT~

OAM

Q

Q

S8

OQRN

@)
O
O
O
©

A
&)
Q

(s

&3]

S8}

u+1d438
u+1d439

= O I~

L O T~

MO T~

O T~

kL O~
O T~
O~

u+ld43a
u+1d43b
u+1d43c
u+1d43d
u+ld43e

~NX NS ZOoOAOK
S~ 13202 0x
~d RS Z 0 QK
SNNMAQSZO0oOAOK
SX Sz 0AQK
SMQSZO/RR
SMRASZ0OAQK
—_— 1S ZO0ORAROK
NN SZOoAMOK
—~X S Z0RARQK
—~ 1 3SZ0R~ QK
~X S =Z0AOX
SXNSZOKQK
SRS Z0/RON

u+1d43f
u+1d440
u+1d441
u+1d442
u+1d443
u+1d444
u+1d445

S S S \m

w0
95
©n
el

wn
)

w
%)
wn
wn
A
n
©n

u+1d446

wlddad 4 Z Z Z Z Z L Z Z Z Z Z

Italic, Latin, lowercase
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Unicode symbol list

Macro

UoTuIN
RILL
epony
JTUR[[9H
snunLqry
ZxXns
SOULID T,
eoydS
wnuog
mg
naelq
e[[a8ed
rURSY
eLIqUIR)D)
SIX

W1

Usv

\mita

a
widdf b b b b b b b b b b b b b b b b \mib

a a

a a a a a a a a

a

a

u+lddde

C \mitc

C
widsst d d d d d d d d d d d d d 4 d d \mid

Cc

c

u+1d450 C

€ \mite

widss f f f f f fF £ f f f f f f f f f \mit

e
widst g g g & § g 9 g & & & &g g g g \mg

e

e

(&

u+1d452

\miti

i

i

i

u+1d456
u+ld4s?  J

S
T~
2
— e
~
—
-2
o
— 2
Tt 2
~ =~

~ =

k

l

u+1d458
u+1d459

[ \mit

utldd5a ™ m m m m M M M M m m m m M m M \mitm

/

71 \mitn
O \mito

n
utlddsd. p p p p p P P p p p p P p P Pp P \mip

mnm n n n n n nn
(0]

n n n n n

u+ld45b N
u+1d45c

o

]

o

9 9 9 9 9 4 9 9 9 9 q g g g g g \migq

u+1d45e

r  \mitr
S \mits
t \mitt
U \mitu
U \mitv

u+ldded W w w W W W w w w w w w W w w w \mitw

r
S

r

r
S

u+ld4sf 1

s

u+ld460 S

t
u
v

t

u

u+ld46l ¢

u u uw u u u u u

u
v

u u u
v v 0

u+ld462 U

v

v

u+ld463 v

X X \mitx

X X X X X X X
uslde6 Yy Yy Yy Yy Yy y Yy y y y y y y ¥y y ¥y \mty

X

u+ldd65 T X X X X X

Z \mitz

z

y4

z

z

u+1d467

Italic Greek, uppercase

Macro

UoTuIN
AL
epbNT
JIUR[[PH
snun.IQry
xXns
SOULID ],
e[oydS
wnuog
Mg
naelq
e[aded
eURSY
eLIquIe)
SIX

WT

Usv

widee2 A A A A A A A A A A A A A A A A \mi-

tAl-

pha

widee3 B B B B B B B B B B B B B B B B \mit

Beta

r I r r r T r r I \mitGamma
A A A A A

I
A

r r r r r

r
A

u+ld6ed
u+1d6es

A A A A \mit

A A A A A

Delta

Fortsetzung ...
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m Unicode symbol list

202

S < = E %] é é’ o
= © =~ < 5} E -]
2 £ 5% % 8 82 EYEZEogi
Usv E 2 S 2 £ & 8 &8 F & 5 3 &2 32 & 2 Mawo
wides ¥ EFE E E E E E E E E E E E E E E \mip
silon
wldeer /2 Z Z Z Z Z Z Z Z Z Z Z Z Z 7 Z \mitZeta
widee8 H H H H H H H H H H H H H H H H \mitta
wideed @ @ 6 ® ®© ® © 6 @ O O @ O O 606 O \mit
Theta
uwldeea I I I I T I 1 1 I I 1 I | I | I \mi
tlota
utldseb X K K K K K K K K K K K K K K K \mitKappa
widsec A A A A A A A A A A A A AN A A A \mit
Lambda
utldeed M M M M M M M M M M M M M M M M \miMu
utldeee N N N N N N N N N N N N N N N N \miNu
uldeef = £ £ B E = =Z B F E E E Z E I E \mixi
widsfo O O 0 O O O O O O O O O O O 0 O \mit
Omi-
cron
widefl [1 [T M IT IT 1 T IT II IO 1 I IT II N II \mipi
uldef2 P P P P P P P P P P P P P P P P \miRho
u+ld6f3s 6 6 0 6 6 6 6 6 6 6 6 6 O \mit
var-
Theta
utldefs Y XY ¥ X X ¥ X X > x X Y 3 2 \mit
Sigma
u+1d6f5 T T T T T T T T T \mit-
Tau
u+1d6f6 Yy Y Yy Yy r U r rvr Y Y Y \mi-
tUp-
silon
widef? @ @ @ © ¢ & O P D ¢ & ¢ P ¢ O D \mit
Phi
widef8 X X X X X X X X X X X X X X X X \mitChi
widefo ¥ ¥ Y Y ¥V ¥ YV @ v ¥y Yy Yy ¥y g ¥ \mips
widefa 2 2 N O O 0 O Q N 2 Q0 Q Q 0 0 O \mit
O_
mega




Unicode symbol list

Italic Greek, lowercase

Macro

uoruriy
RILT
epony
JTUR[PH
STULLISIT
Zxns
SOULID T,
B[OYDS
wnuog
nmg
naelq
e[P8ed
BUBSY
eLIqUIED)
SUX

W1

Uusv

utldéfc @ & a o a«# a* oo a @ o o & O & o o \mitalpha
widetd 3 f B B B B B B B B B B B B B B mibea

\mitgamma
\mitdelta
& \mitvarep-

vy v
5 68

3

vrv Yy yy
§ 8§ 6 &6 ¢

v
o

>~w
= w0
~©
=~
a0
o
XN W

o

u+ld6fe
u+1d6ff

&

3

u+1d700 €

silon

wigor ¢ ¢ ¢ C ¢ C ¢ ¢ & ¢ ¢l (T ¢ \miven

\miteta
\mittheta
\mitiota

nnmng
0 6 0

[spliea)

=

< ©

&=

<O

- @

=

= >

(Sl e}

& @

S

JSli e

u+1d702
u+1d703
u+1d704

[}

K

l

K

L

K

1

L

\mitkappa

K
wld7o6 A A 1 A A A A A A 1 A A A A A A \mit

K

K K K

K

K

u+ld705 K K K K K K

lambda

wid707 f W pop @ B R M M g U4 H P f \mitmu

vV vV \mitnhu

v
widoo & & ¢ & ¢ & & & E & & E & E § & i

v v v v v

v v v Vv P VvV U

u+1d708 v

\mitomi-
cron

u+ld70b # x©# mw T 7T O T W 7w g 7T T T TT T 7T \mitpi

o o o
wld’0c p p p p P P P P P P P P P P p P \mirho

0o O

o

]

o

u+1d70a

¢ ¢ G \mitvar-

S s

s ¢ ¢

¢ ¢ ¢ ¢ ¢ S

u+ld70d ¢

sigma

u+ldd70e 0 o 0o 0o 0o O O O O O O O O O 0 0O \mitsigma

T T T T T \mittau
v

T

T

u+ld70f T

U \mitup-

Y]

U

v

1Y)

u+ld710 v

silon

wlid7ll @ @ @ @ ¢ @ © @ ¢ ¢ @ @ ¢ @ P @ \mitvarphi

\mitomega
0 o O \mitpartial

€

\mitpsi

X \mitchi

X X X
v ow oy
w w w w

== 3
XS 3
NS 3
=3-3
=S 3
==
NS
<5
<2
=S

=

u+ld714 W 0w W W W W W

u+1d712
u+1d713

wid7is 0 0 0 d 9 4 0 9 Jd 9 9 9 O

u+ld716 €

€ \mitepsilon

€
wid717 ¢ 9 9 9 ¢ 90 ¥ 9 I v 9 F 9 9 9 9 \mitvar-

€

€

€ € € € €

€

theta
n xn \mit-

bd

X X n M

u+ld718 ¥ X H x WU A N U X

varkappa

w719 ¢ @ P P ¢ d b @ P p ¢ b ¢ P ¢ ¢ \miphi

b ¢ ¢ ¢ © @ ¢ e @ \mivarrho

u+ld7lb W W W ® @ W ® W W W W ® W W W @ \mitvarpi

u+ld7la 0 0 © @0 0 @
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Unicode symbol list

Script, Latin, uppercase

epony
JIUS[[PH
snun.Ieqry
¢xns
SOULID,
B[oydS
wnuog
helnk
nAeq
e[aded
eURSY
eLIquIe)
SIX

WT

Uusv

\mscrA
\mscrC
\mscrD
\mscrG
\mscrJ
\mscrK
\mscrN
\mscrO
\mscrP
\mscrQ
\mscrS
\mscrT
\mscrU
\mscrvV
\mscrw
\mscrX
\mscrY
\mscrz

TLH BRI B IAxF Y
TUQAUSXRIOATNEI>IXRSN
TEABHRNRISOHe hRRNR™N
ROQONIREOEANL K I2IEIIN
VPN RRZOSOXNEIF R DIY
LPEROIRNRETOSONL S5 NS ™
RPAMIRREOHOINEIFz_RD™IN
TSOALMSRZOEAEb ISR
TOURUDLEIOABN-IDIRDIN
TOQUIHIRZTY(MA P I = N
RO e N N N R
TOAOUDNXEEOREANEID2IRDIN
TEAMNRSOH oo hXRANS™YN
RO EO[NADNE IR

u+1d49c
u+1d49e
u+1d49f
u+ld4a2
u+ld4as
u+ld4a6
u+1d4a9
u+ld4aa
u+ld4ab
u+lddac
u+ld4ae
u+ld4af
u+1d4b0
u+1ld4bl
u+1d4b2
u+1d4b3
u+1d4bd
u+1d4b5

Script, Latin, lowercase

Macro

uorury

RIL]
epony
JTUR[[PH
SNUNIdAIT
Z¢xns
SOULID],
e[oYdS
wnuog
nmg
naelq
e[P8ed
BUBSY
eLIQUIR))
SIX

JA!

Uusv

\mscra
\mscrb

NN
SIS
SIEN)

SIRN

3 o
S <o

NN

@
4

u+1d4b6
u+1d4b7
u+1d4b8
u+1d4b9
u+1d4bb
u+1d4bd
u+1lddbe
u+1d4bf
u+1d4c0
u+ld4cl
u+ld4c2
u+ld4c3
u+1d4c5

\mscrc

\mscrd

\mscrf

\mscrh

\mscri

\mscrk

\mscrj
\mscrl

N S
.
N »
N

N

N2
e\

N R

\mscrm

777
77

Vi

m m m m 77

m m 72 m In
7n n /2

n n n 7 \mscrn
roror PR

2

n

\mscrp

7y opopop

Fortsetzung ...
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Unicode symbol list

epoNT
OTUR[[PH
snunLqry
Zxns
SOULID L,
eoys
wnuog
nmg
naelq
e[P8ed
BUBSY
eLIqUIR)D)

SHX

W1

Usv

\mscrq

4

¢y ¢ ¢ 49 9

2 4 2 9 q
7 s Va

J

u+1ld4cé
u+ld4c7
u+1d4c8
u+1d4c9
u+ld4ca
u+ld4ch
u+ld4cc
u+lddcd
u+lddce
u+ld4cf

\mscrr

r

r

\mscrs

\mscrt

t

z t 7
w U o« u
v v ¢

\mscru

\mscrv

v

(83

\mscrw

w

w w w w w

w w o« w W
x x &z

\mscrx

x
Y

x
4

\mscry

Y

Yy ¥ ¥ Yy 4

s

Y
%

\mscrz

Fraktur, Latin, uppercase

epony
JIUB[[PH
snunIaqI
Z¢xXns
SOULID,
B[oydS
wnuog
hek|
nAeQ
e[aded
BURSY
eLIque)
SHX

W1

Uusv

\mfrakA
\mfrakB
\mfrakD
\mfrakE
\mfrakF
\mfrakG

ERAYHY

z2¥92%298928E8R8Ex
© © °] ] [+ © @© -] 1] 1] C @© @© ] 1]
B — - S B B — - B B B e - - B
[ G G S G G e Yo ey S )
E S EE5E5EE58E8:EEEE8 8%

R NEROQC WP IO RS

BEOAORP—EdEES0duRda3 RN

SRQY LD
SR Q90D
5RO 0D
TRQAQWeEY
580 Qw 0D
HERAYELY
SN @RINRS)
O QYWEHLY
=N AR
SRV Y

<t v I~ 0 O 1]
o O O O O O
wn 1N NN NN
T T T T T T
N = o
+ + + + + +
=] =} =} =] =] =]

WeERFTaQRFAVIIII R
weREsLNRFAVRIIRIR=
reagea0YsSRgee
cERREEQaa0URIRR®
nEwEE a0 SR Bee
cEQEEQaguUnRIegRe
cerafeaagunraggre
CEQREEQaQURIQFER®
NERNEEQBAYRESRE R
reagaQRrdvnrsIgRm
LeRFEQRFAVRIQI R
cEAREEQROQURIQER®

u+1d50d
u+1d50e
u+1d50f
u+1d510
u+1d511
u+1d512
u+1d513
u+1d514
u+1d516
u+1d517
u+1d518
u+1d519
u+ld51a
u+1d51b
u+1d51c

Fraktur, Latin, lowercase
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Unicode symbol list

epony
JIUR[PH
snunIqry
ZxXns
SOULID,
e[oydS
wnuog
Mg
naelq
e[P8ed
BUBSY
eLIqUIR)D)
SIX

WT

Usv

\mfraka

a

a

u+ld5le

b \mfrakb
\mfrakc

utldsif b b b b b b

u+1d520 ¢

¢

\mfrakd
\mfrake

b

0

b

u+lds21 0 D D D D D D

u+1d522

e
f

¢

\mfrakf
\mfrakg
\mfrakh

\mfraki

u+lds23 |
u+1d524
u+1d525

f=TiS =i

oS -

o S~

o) O -

o) O -

o) o

o O

o) -

) -

oS -

0) O -

1

1

u+1d526

Z
< ©
==
£ E
~ =
e e
—
Ny
—
c—
—
c—
=
e P
— N
—
s S
e
~ oo
NN
) [a)
= T
— -
+ o+
S S

\mfrakl

[

[

u+lds2a M M m M om m m m m m m m
u+lds2b 1 . 1 M N on on

u+1d529
u+1d52c

\mfrakm
\mfrakn

\mfrako

m

n

n

n

0

0

\mfrakp

p

b

p

p

utldsad pp p P p p P

u+ld52e

\mfrakq
\mfrakr

\mfraks

q

q

9 9 9 a ¢

r
3
t

u+ld52f T

S

u+1ds30 S

\mfrakt

u+lds31 ¢

\mfraku

u

u

u

u+ld532 U4 1 u U U u u

\mfrakv

D D
u+ld534 TV W W W W t v w W w W D

u+1d533
u+1d535

\mfrakw
\mfrakx

\mfraky

A%

¥

)2

n v Y

»

u¢lds36 H Y Y Y v H P

u+1d537 3

\mfrakz

3

Blackboard, Latin, uppercase

Macro

uoruIy

BIL]

epoNT
JTUR[[PH
snunIqry
Zxns
SAULID],

S (QRIN
wnuog
My
nAeldq
e[eded
euRSY
eLIquIE)
SIX

W1

Usv

D ID \BbbD
E IE \BbbE

A A A \BbbA
B B 1B \BbbB

D
E

<mAwy
<mAfE
< @B a W
<mAam
<mAaH
<mAamMm
<®maw
<mA

< @A

A A
B B
D D
E E E E E E
u+ldssd F F F F F F F F F F F F

u+lds3s A A
u+1ds39 B B
u+ldssb D D

u+1d53c

IF \BbbF

F

F

=5

widsse G G G G G G G G G G G G G G 6 G \BbpG

I \Bbbl

[

[

u+1d540
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Unicode symbol list

Macro

UOTuIN
LAIE|
epoNT
JIUR[[PH
snunaqry
Zxns
SOULID],
e[oydS
wnuog
Mg
nAefJ
e[aded
BURSY
eLIquIe)
SIX

W1

Usv

BED > E K
ED>E K

=
=
=
=
=

o>z x
D 2K
D> EX
D22 X
=R
o>=2 X
D> =%

u+1d54c
u+1d54d
u+ld54e
u+1d54f

>=

uwldsso Y Y Y Y Y Y

Blackboard, Latin, lowercase

Macro

uoruriy
EAE]
epong
OTUR[[PH
snun.Ary
Zxns
SOULID T,
eoydS
wnuog
omg
naelq
e[[a8ed
BUBSY
eLIQUIR)D)
SIX

WT

Usv

a \Bbba
b b \Bbbb
C \Bbbc
d d \Bbbd
€ \Bbbe
f \Bbbf
g g \Bbbg
h Th \Bbbh

a
c
e
f
i

iy

a
f

c
e
f

a a
C
e

C
e

utldsss d d d 8 d d d d d d d d

u+1d556 €

widss3 b b b b b b b b b b b b

u+ld554 C
ueldss7
u+1d558

u+1d559

u+ld552 @ a
u+1d55a

o £ -
e & -
80 & -
en g o
80 & -
&g -
80 & -
B0 S -
& & o

(S

1 \Bbbi

J

\Bbbj
k \Bbbk®
I \Bbhl

J
k

[

m 1m

k

= 2
o=
= 24
=g
=
o= e
= 4
=
=
= 4

e 2

o= 0 X

u+1d55b
u+1d55¢
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\Bbbm
m \Bbbn
O \Bbbo
P [P \Bbbp
g q \Bbbg
I \Bbbr
S \Bbbs
t \Bbbt
u \Bbbu

n
(]
r
S
t

u
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0]

(o)

I 1 1
n m N N N
r
s s s
t t t
U U u u u u u u

n
u

u+ld55e ™M M IM IM I MM INM m m I m In

u+1ds5f N

wldse2 9 @ q@ q q q q 9 q q q q

u+ld563 I

widsel P P P P P P P P P P P P

u+lds60 © © © O

u+1dssd [
u+1d564 S
u+1ds6s L
u+1d566 U



Unicode symbol list

Macro

uorury
i
epon
OIUR[[OH
SnuILIAqIT
Z2xns
SOULID T,
eoydS
wnuog
nmg
naeldq
e[[a8ed
BUBSY
erque)
SIX

WT

Usv

WV \Bbbv
W W \Bbbw

\%

A%

vV V Vv V

u+1d567 Vv

u+ld568 W W W W W W W W W W w W

u+1d569 %

X \Bbbx
Yy Y \Bbby

X

X

X X X

widsea Y Y VY Y Y Y Y VY Y Y YV

u+ld56b Z

7Z \Bbbz

z

Z 4

z

Sans serif, Latin, uppercase

Macro

uoruriy
RIL]
epHNT
JIUR[[PH
snunIRArT
Zxns
SOULID T,
e[OYDS
wnuog
IMg
naelqQ
e[d8ed
rURSY
eLICUIRD)
SHX

WT

Usv

\msansA

A
B

C

D
E

widsado A A A A A A A A A A A A

\msansB

widsal B B B B B B B B B B B B

\msansC

Cc cccCcccccccecocc

widsa3 D D D D D D D D D D D D

uw+ldsa4 E E

u+ld5a2

\msansD

\msansE

E
F

EEEEEEEE
F FF F F

E
E

\msansF

F

F F
widsse G G G G G G G G G G G G

u+ld5a5

\msansG

G
H

\msansH

u+lddsaz H H H H H H H H H H H H

\msansI

I
J

u+1d5a8
u+ldsa9  J

\msansJ

J

\msansK

K

widsaa K K K K K K K K K K K K

u+ldsab L L

\msansL

L L

L

\msansM

M
N

0]

wldsace M M M M MM MMMMMM

wldsad N N N N N N N N N N N N

\msansN

\msansO

O 00 OO0 0O O0OO0OOTOO0OO

u+ldsaf P P

u+ldSae

\msansP

PP P PPP P

P P P P

\msansQ

wldsho Q@ Q Q Q Q

uw+ldsb R R R R

R \msansR

S S S Ss S S s S

\msans$S

S
T
u
\
\

S

S S
wldsbs T T T T T T T T T T T T

u+1d5b2

\msansT

\msansU

widsbd U U U U U U U U U U U U

\msansV

V VVV VYV VYV YV VYVYV

u+ldsbe W W
u+ldsb7 X X

u+1d5b5

\msansW

WWWwWWwWwWwWWwWwWw W

X X X X X X X X X X

\msansX

\msansY

Y
z

widsh8 Y Y Y Y Y Y Y Y Y Y Y Y

\msansZ

widshd 2 Z Z Z Z Z Z 7Z Z Z 7 Z

Sans serif, Latin, lowercase
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Unicode symbol list

Macro

uoruriy
RILT
epoNT
OTUR[PH
SnUNILIT
Zxns
SOULID T,
e[oyds
wnuog
Mg
naelq
e[[a8ed
BUBSY
eLIqUIE)
SHX

WT

Usv

\msansa

a

u+ldSha a

\msansb

b

u+ldsob b b b b b b b b b b b b

u+1dShc

\msansc

Cc

C

\msansd

d

uwldsbd d d d d d d d d d d d d

\msanse

e e e

e

e

(S

u+1d5be

\msansf

f

f

u+ldsbf f f

\msansg
\msansh

on . C -

oo -

(@) ey

o < -

o C -

o c -

o C -

o C -

by < -

oo < -

\msansi

u+1d5c2

u+ldsc3  j

\msansj

j

\msansk

k

u+ldscd  k

\msansl

utldscé M m m m M M M m m m m m

u+1d5c5
u+ld5c7 n

\msansm

m

\msansn

n

\msanso

O O o

(o]

(0]
uldscd p p p P P P P P P P P P

(@)

u+ld5¢8 0 O O

\msansp

p
q

\msansq

wldsica ¢ 9 9 9 9 9 9 9 9 9 9 ¢

u+1d5ch
u+1ld5cc

\msansr

r
N
t

r
S

\msanss

\msanst

u+ldscd t
u+ld5ce

\msansu

u
A

u

\msansv

u+ldScf Vv

\msansw

w

u+ld5d0 w w W w W W W wW W W w W

u+ldsdl X

\msansx

X

\msansy

Y

utldsd2 y 'y 'y 'y Y Y Y ¥y Y Y Y Yy

u+ld5d3 z

\msansz

z

Italic sans serif, Latin, uppercase

epony
JIUR[[PH
SIUNILAIT
Zxns
SOULID],
e[OYDS
wnuog
omyg
nAea
e[Pded
BUBSY
eLIqUIER)
SIX

T

Uusv

\mitsansA

A
B

c

widsos A A A A A A A A A A A A

\mitsansB

wld0o9 B B B B B B B B B B B B

\mitsansC

c ¢c c ccccccocococ
widsb D D D D D D D D D D D D

u+1d60a

\mitsansD

D
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Unicode symbol list

Macro

uorury

BIL]
eponi
OIUB[[PH
snunLqry
Zxns
SOULID],
B[oydS
wnuog
Mg
naelq
e[aded
BURSY
eLIquIe)
SIX

WT

Usv

\mitsansE

E
F
G
H

E E FE E E E E E E E E E

wideod F F F F F F F F F F F F

u+1d60c

\mitsansF

\mitsansG

G GG GGG GGG GGG
uidsof H H H H H H H HHHHH

u+1d60e

\mitsansH

\mitsansI

I

/
uilds1r J S

u+1d610

\mitsans]J

J J J J J )

J

J ]

\mitsansk

K

K K K K K K K K K K K K

u+1d612

2 2% 32%9 %
g g8 € € € g ¢
g 23283 8 3
EEEEEECE
~Sz20a 0Ox
~3Sz0aAJx
~S=00Qa Ox
4Sz20a 0
~3Sz0Qa0Ox
~3S=z2000x
4> Z200 0
~S=Z0a0Ocx
4S=0a O«
4~3S=20Qa Cx
~SzQ0aAQx
43S0 QOx
~S=20QaCQx
At R -
TS 88888
N A A A A A -
T 55535 53

\mitsansS

S
T
V)
4
w
X

S §$ S Ss s s s SsS S s S

wldete T T T T T T T T T T T T

u+ld6la

\mitsansT

\mitsansU

vu vuv uvuuvuuuuuuvu uuu
wideld V V. V. V.V V V. V V V VvV V

u+ldsle W W W W
urldelf X X X X

u+ld6lc

\mitsansV

\mitsansW

wwwwwwww

\mitsansX

X X X X X X X X

\mitsansY

Y
V4

wide20o Y Y Y Y Y Y XY Y VY Y VY'Y

\mitsansZ

wide21 /7 Z Z Z Z Z Z2 Z Z Z 7 Z

Italic sans serif, Latin, lowercase

Macro

uoruIy

Rl
epony
JTUR[[9H
SNUNIAIT
¢xns
SAULID L,
e[OYDS
wnuog
omg
nAelq
e[[a8ed
BURSY
BLIQUIED)
SHX

A

Uusv

\mitsansa

a ad a a a

a

a

a a

a

u+1d622

\mitsansbh

b

wid23 b b b b b b b b b b b b

u+ld624 C

\mitsansc

c C ¢

Cc

c

\mitsansd

d

d dd dd d d ddddd

u+1d625
u+ld626 €

\mitsanse

e e e€

e

e

\mitsansf
\mitsansg
\mitsansh

“~ wo

“— by -
- O £

“— o) C -

f

frf f
g8 g
h h h

u+1d627

o< -

\mitsansi

i

u+ld62a
u+1d62b
u+1d62c

\mitsansj
\mitsansk

N
"~
—~ X
N X

~ X

— X
~ X
‘- X
~ X
-

— X
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Unicode symbol list

Macro

uoruriy
RILL
epDNT
JIUR[PH
snunILqry
Zxns
SOULIDJ,
B[oYdS
wnuog
nmg
naelq
e[[a8ed
BUBSY
eLIqUIE)
SHX

WT

Usv

\mitsansl

I

u+tlde2e m m m m m m m m M M m m

u+lde2f n n n

u+1d62d

\mitsansm

m

n

\mitsansn

n n n n n
o 0 O

n
(6]

n
o

\mitsanso

o

o

o

u+ldé30 0 o o0

\mitsansp

p
a

Wil p p p p P P PP PP PP

u+1d632
u+1d633

\mitsansq

9 9 9 9 9 g q q9g g9 qg qg q

r

\mitsansr

r
S

\mitsanss

u+ld634 S

\mitsanst

t

u

t

u+1d635
u+1d636 U
u+1d637

\mitsansu

u

u u u u u

u

\mitsansv

v

v

v

\mitsansw

w
X

u+ld638 w w w w W wW W w W wW w w

u+ld639 X X X X X X

\mitsansx

X X X X X

X

\mitsansy

y

wida y y y y Y Y Y YV Y Yy

u+ldesb z z 2z

\mitsansz

zZz zZ z Z zZ Z

z

z

Typewriter, Latin, uppercase

Macro

uorury
RIL]
eponT
JIUR[[PH
SNUNIIT
ZxXns
SOULID T,
eoydS
wnuog
Mg
naeldq
e[P8ed
BUBSY
eLIqUE)
SIX

T

usv

\mttA
\mttB

A
B
C
D
E
F
G
H
I
J

A
B
C
D
E
F
G

utlde70 A A A A A A A A A A A A

B BB BB BB
c CccCcccoc
D Db DDUDD

ulde74 E E E E E E E E E E E E

u+ldé71 B B B B B

\mttC

utlds72 C C C C ¢

\mttD
\mttE

u+lds73 D D D D D

\mttF

FFrFFFF
utlds?6 G G G G 6 G G ¢ G G G G

u+ldée7s F F F F F

\mttG

\mttH

H

HH&HEHHHH
I IT 1 I 11IT1I
JJ g JgJgJ73J

utlds77 H H H H 1|

\mttl

I
J

I
J

utlde78 I I I I

\mtt]J

ulde79 J J T J

\mttK

K
L
M
N
0

K
L
M
N
0
P
Q

K K K K K KK

u+ldé7a K K K K K

\mttL

LLLILLLTL
utldétc M M M M M M M MM MM M

usldé7b L L L L L

\mttM
\mttN

N NN NNNN
0 0o 0Oo0O00O0
P PP PPPP

u+ld680QQQQQQQQQQQQ

utldszd N N N N N

\mttO
\mttP

utldsze 0 O O 0 0

p

Q
R

u+ldée7f P P P P P

\mttQ
\mttR

R

utlds8¢ R R R R R R R R R R R R
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Unicode symbol list

Macro

uoruriy
RIL]
epony
JIUR[[PH
snunIqry
ZxXns
SOULIDJ,
eoydS
wnuog
Mg
naeQq
e[Pded
BUBSY
eLIqUIE)
SHX

WT

Usv

\mttS

S
T
U
\Y
w
X
Y
VA

S
T
U

S Ss S s S S
utlde83 T T T T T T T T T T T T

u+ldés82 S S S S S

\mttT

\mttU

utlds84 U U U U U U U u U U U U

\mttV

Vv
w
X
Y
Z

utlds8s V.Y V. VvV v V V v VvV v V V

\mttW
\mttX

uslde86e W W W W W W W w W W W W

utlde87 X X X X ¥ X X X X X X X

\mttY

utlde88 Y Y Y Y Y Y Y Y ¥ Y Y Y

Z Z 72 72 72 72 Z \mttZ

u+lde89 Z2 Z Z Z I

Typewriter, Latin, lowercase

Macro

uorutiy
RIL]
epony
JIUR[[9H
snun.Ieqry
Zxns
SOULID T,
e[OYDS
wnuog
Mg
naea
e[P8ed
BUBSY
BLIQUIE)D)
SHX

WT

Uusv

\mtta

a
b
c
d
e
.F

a

b
c

a aaaaaa
b bbb bbb
Cc cccecececc

a

u+ldé8a a a a a

\mttbh

u+lds8b b b b b b

\mttc

¢

u+ldé8c ¢ C C cC

\mttd

d
e

u+ldeéd d d d d d d d d d d d d

u+lde8e € € € e

e e e e e e e \mtte
f fff £ Ff £

e
f

\mttf

f

urldesf £ £ £ f

u+1d690
u+1d691

\mttg
\mtth

on o

b0 .o -

oo <
[o)e
o g
o o

a0 o -

[ @) s enpty

a0 <

0 o

b0 o
0 o

u¢lde92 i 1 1 i

i \mtti
J

i

i i i1

1 1 i

i
]

u+1d693 j j J ]

\mttj

\mttk

k
1

u+ldé9s k k k k &k

\mttl

1
m
n
o
p

11111111

utldeos 1 1 1 1

\mttm

m
n
0
p
q

m M MmN m m m

u+ld696 m m m m

n h I n N nnan \mttn
0O O o O 0O 0o o

u+ld697 n n n n

\mtto

0

u+ld698 0 o0 O o©

P PP DPDPPP \mttp

u+ldé99 P P P P P

\mttq

q
r
S
t
u
v
w
X

u+lde9a 9 9 4 9 ¢ 9 9 9 9 9 g q

\mttr

r
S

rr rr r rr

S

T

u+ldé9b r r r T

\mtts

s S s S S

S

§
t

u+ldé9c S S S s

\mttt

t
u
\%

tttt t t ¢t

utldedd t t t t

\mttu

u u u u u uau
v V. v VvV VvV VvV V
W W w W W W W
X X x X X X X

u

u+ldé9%e 1 U U u

\mttv

v

u+ld69f v. v Vv v

\mttw

w
X
y

w

u+ld6a0d W W W W

\mttx

X

u+ldfal X X X X

\mtty

Yy

uwldéa2 y 'y Y Y V¥V Y YV vV VY YV Y Y
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Unicode symbol list

Macro

uoruriy
RILT
epoNT
JTUR[[PH
snunILqry
Zxns
SOULID T,
eoydS
wnuog
Mg
naelq
e[P8ed
BUBSY
eLIqUIED)
SIX

T

Usv

\mttz

z

z

Z

zZ

zZ Z

Z

u+ldéa3 z z Z 2z

Bold, Latin, uppercase

Macro

uoruriy
BT
eppN
JIUR[[PH
SNUNIQIT
Zxns
SOULID T,
R[OYDS
wnuog
oMy
naelqQ
e[P8ed
BUBSY
eLIqUIRD)
SIX

WT

Usv

A A A \mbfa

A

E \mbfE
F \mbfF

E
F

CEooidadgdgegd
fiEEEEEE i
O ~=MRASZ0o0MOHM
O —-—=XJd=22000cx
U~~~ 3ASZ0~0x
OI—=-XXd3Z0a0x
O —=mNMASZO0O~AX
OO —~m=mMASZOAMOH
OD=m=mMASZ0M0OH
CEH~PMASZOMOA
OEn=nNMAZSZORAOM
U=~ 1357200
O ~mdAZZOAMOK
O =~ ASZO0O~O
O~~~ ASZO~QO
S == AaSzZ0oAaOx
OO == ASZ0M0OH
U ~mMaIZzoAMCr

u+1d409
u+1d40a
u+1d40b
u+1d40c
u+1d40d
u+1d40e
u+1d40f
u+1d410
u+1d411
u+1d412

S S S S \mbfs

S § §$s S S s S s S S s

\mbfw
mbfX
mbfY

\mbfZ

T
V)
\'
w
X
Y
Z Z 1 71 1 Z

HP > 2N
HP P BEXMN
HRPPBNMMN
3> X >N
HD > 2 XN
HP > 2 X
P> 2 X

T

U

A%

W

X
wid4s Y Y Y Y Y
7 7 7 7 Z

u+1d419

Bold, Latin, lowercase
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Unicode symbol list

Macro

uoruriy
RIL]
epoNT
OTUR[[PH
snunLqry
Zxns
SOULID L,
eoydS
wnuog
Mg
naeldq
e[Pded
rURSY
eLIqUIER)
SHX

WT

Usv

\mbfa
widdlb b b b b b b b b b b b b b b b b \mbb

u+ld4lc

a a

a

a

a a a a a

a

a

u+lddla a

C \mbfc

C

C

C

(¢

widdldd d d d d d d d d d d d d d d d d \mbid

u+ld4le

€ \mbfe

e

e
f

(<

e

f £ f £ £ f

f

f

f

urldaif f
u+1d420
u+1d421
u+1d422

o0 = -

S -

o S

= =
o -
o0 = -
o= -

oo = -

on =

o0 =

\mbfi

i

i

u+ld423  j

j  \mbfj
k \mbfk
1 \mbil

o— X

2
o
—
=
o

— 2

—

k

u+1d424
u+1d425
u+1d426

l

1

1

m mmmmmnm M m m m m m m m m m \mbfm

n \mbfn
0O O O O o0 O \mbfo

n n

n

u+ld427 M N N N nNn nNn M n n n n n

u+1d428

0O 0 o o o O o o o

(0]

utld429 p p p P P P P P P P P P P P P P \mbp

utldda ¢ 9 9 9 9 9 9 9 9 g 9 9 q9 d q q \mbg

r \mbfr
S \mbfs
t \mbft
u \mbfu

V V. v v V. vV VvV V V V V V V V V \mbfv

r
S
t
u

r
S

r
S
t

u u U U u u U u u U uu uwmu

u+ld42b T
u+ld42c

S

u+ldd2d t
u+ld42e

u+ld42f v

\mbfw
X \mbfx

U+ld430 W W W W W W W W W W W W W W wW W

u+ld43l X X X

X X X X X X X X X X

X

X

wld2 'y 'y Yy Yy Y VYV Y Yy Y Y Y Y Y Y YV Y \mby

u+ld433 Z

Z \mbfz

z

z

V4

Bold Greek, uppercase

Macro

ToTurn
RILL
eponNT
JIUR[[PH
snunIpgry
Zxns
SOULID T,
R[OYDS
wnuog
Mg
naelq
e[Pded
eUBSY
eLIque)
SUX

WT

Usv

wida8 A A A A A A A A A A A A A A A A \m

fAl-

pha

widea9 B B B B B B B B B B B B B B B B \mbf-

Beta

wideaa I'’ T ' T T ©* I ¢ I ' T ' ' T T T \mbfGamma
utldsab A A A A A A A A A A A A A A A A \mbfDelta
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Unicode symbol list

o 2 o
£y o= oz e s & 2 % 5 s
. 2 82 5% % 5 22 E g2
UsSv 5 2 § 2 £ &8 B 2 & & 5 489 £ 2 £ £ Mawo
widéac E E E E E E E E E E E E E E E E \mbfEp-
silon
wldead Z Z Z Z Z Z Z Z Z 7 Z Z Z 7 7 7 \mbfZeta
wideee H H H HHHHHHHHUHMHH H H \mbfEta
wideaf @ @ 0 © O 0 © 6 O® O 6 0 © O 6 O \mbht-
Theta
widsbo I I I I I 1 I 1 I I 1T I 1 I 1 I \mb-
flota
widshy K K K K K K K K K K K K K K K K \mbfKappa
wids2 A A A A A A A A A A A A A A N A \mbflambda
widb3 M MMM MMMMMMMMMMMM \mbfMu
wwlddsb4 N N N N N N N N N N N N N N N N \mbfNu
utldebs = 2 E E Z E Z E BE E E Z Z E = E \mbixi
widshe O O 0 O O O O O O O 0 O O 0 0 O \mb-
fOmi-
cron
widsbz ITI II I IT II II TIT II II I II IT TT I M II \mbfpi
widsbs P P P P P P P P P P P P P P P \mbfRho
u+ldsbd 6 6 6 6 O ©6 e 6 6 6 © 0 O \mbf-
var-
Theta
uldsba X X X L X X X X 3 X X X X X 3 X \mbt
Sigma
u+ldebb T T T T T T T T T T T \mbf-
Tau
utldsbe X Y Y Y Yy r T Y Y Y Y Y Y \mb
fUp-
silon
utldsbhd @ ® & O & ® O® @ O P & P D ¢ O D \mbf-
Phi
uwidshe X X X X X X X X X X X X X X X X \mbfChi
uwidsbf ¥ ¥ ¥ W ¥ ¥ Y w ¥ ¥V ¥ ¥V VY ¥ @Y ¥ \mpt-
Psi
widecd 2 Q@ O Q O O O 2 O Q O Q Q O 0 Q \mb
fOmega

Bold Greek, lowercase
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E . B g
2] :.é g %13 % g g ig % C%: g é ‘:'; < é
UsSv Z 2 S 2 &8 2 2 3 & 5 3 & 3 E = Macro
u+ldbcz 0 ¢ @ & X A & a (14 o a o o & o o \mbfal-
pha
w3 3 f B BB B B B B B B B P B B B \mbt
beta
utldecd &Y Y Y Y Y VY Y Y Y Y Y Y Y Y Y Y \mbfgamma
utldscs & & 8 6 8 6 & & O 8 &5 & & & & & \mbfdelta
u+ldéc6 € € € &€ & & £ 4 € € € € € 3 € € \mbf-
varep-
silon
widee? ( & § G T C ¢ € ¢ ¢ T T ¢ T { \mbrea
Widecs M M M N M M N Q| M M N N M N NN \mbfeta
widecdo 6 6 6 06 6 6 6 @ 0 06 6 06 6 0 8 0 \mr
theta
u+ldéca L 1 L L L 1 L 1 L 1 L 1 1 L l L \mb-
fiota
u+ldech K K K K K K K K K K ¥ K K K K K \mbfkappa
utldecc X A A A A A A A A X A A A A A A \mbflambda
L L L L L T L O L
u+ldéce vV v VvV v Vv D V V v v Y V vV VvV V VvV \mbfnu
widscf € & & & T T & §E E & E E E T & & \mbhi
u+ld6dd O O O 0O O o o o (o] 0 o o0 o O 0 O \mb-
fomi-
cron
u+ldédl 7 @ T T TCT Im T I T T T T T T T \mbfpi
widdk p p P p p P P P P P P P P P P \mbfrho
wldéd3 S ¢ 6 G G G S S & § 6 S 6 ¢ G \mbf
var-
sigma
u+ldédd o0 © O O©0 O O O O (o2 g 0 O O O 0 O \mbf
sigma

u+ldeds * T T T T T T T T T T T T T T T \mbf-
tau

u+ld6d6 U P vV vV v vV VvV U v v vV U v U U UL \mbfup-
silon

wided7 @ @ @ P @ @ © D P P P © ¢ © Y @ \mbt
varphi

u+ldéd8 X X X X X X X X X X X X X X X X \mbfchi
widedd b oWy P P P ow v w oy PPy Yoy Y \mbipsi
utldbda W @ W W W W W W@ O O W O W W W w \mb-
fomega

utldédo O 0 @ 0 0 0 O O 9 O O O O O d O \mbf
partial

u+ldéedc € € € € € € € € € € € € € € € € \mbfep-
silon
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o R
= = 3 g = 8 £ g = g
. 2 EE%: oz E:Ey: Y o¢i
Usv 5 £ 8§ 2 £ & 3 & & & 5 3 2 2 £ Z Mo
uildsdd 9 9 9 9 9 O 9 9 I ¥ & I 9 9 9 9 \mbr
var-
theta
utldéde X %X H 2 N X N N X % A %X M X W K \mbf-
varkappa
vt & b b PO b P e bbb bbb b b mr
phi
u+ld6e0 QO Q e e e Q ¢ @ ¢ @ @ © @ Q \mbft
varrho
utldéel W W W @ @® W ® W W T W ® W W @ O \mbf-
varpi
Bold italic, Latin, uppercase
= s o s » é.g =
= - [ = o]
s EEF % 5 £ : By o3 2% %
Usv 3 £ & 2 & & B 2 2 &8 2 3 % 2 £ 2 Mo
uwlddes A A A A A A A A A A A A A A A A
fitA
wide9 B B B B B B B B B B B B B B B B \mb
fitB
widdea C C € C C € C €¢c C Cc ¢c ¢ € Cc ¢ C \mb
fitC
widdsb D D D D D D D D D D D D D D D D \mb
fitD
widdec ¥ E E E E E © E E E E E E E E E \mb
fitE
wided F F F F F F F F F F F F F F F F \mb
fitF
widdee G G 6 G G G G G G G G G G G G G \mb
fitG
widsef H H H H H H H H H H H H H HH H \mb
fitH
widazo I I I I I 1 1 1 I I I I I 1 1 I \mb
fitl
widazr J O J J ] ] J J J J J T J J J J ] \mb
fit]
widd2 K K K K K K K K K K K K K K K K \mb
fitk
wid473 L L L L L L L L L L L L L L L L \mb
fitL
ulddiza Ml M M M M M M M M M M M M M M M \mb
fitM
Fortsetzung ...
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< g .
E g = 3 g = 8 £ E = g
2 2 5% E 2 E:EyZZEoso
usv & 2 & 2 & & B R %2 & 8 2% 2 2F E 5 Mo
widd7s N N N N N N N N N N N NN N N N \mb
fitN
widd?e O O 0 O O O O O O O O O O O 0 O \mb
fit0
widea7z P P P P P P P P P P P P P P P P \mb
fitp
wids @ 0 @ Q Q Q@ Q @ @ 0 Q 0 Q@ Q a Q \m
fitQ
widd79 B R R R R R R R R R R R R R R R \m
fitR
wldaza S § § § § § S S § § § S S S S S \mb-
fitS
widdzo T T T T T T T T T T T T T T T T \mb-
fitT
widdze U U U U U U U U U U U U U U U U \mb-
fitU
widdzd V.V V V. V V. V VvV VV VvV V V V V V \mb
fitv
widdize W W W W W W W W W W W WWW W W \mb
fitw
widazf X X X X X X X X X X X X X X X X \mb
fitX
widso Y Y Y Y Y 'Y Y Y Y Y Y Y Y Y Y Y \mb
fity
widslt Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z \mb
fitz
Bold italic, Latin, lowercase
E = E %] é = o
5 = - K £ E g
s 2 %% 5 25 Egi i oo
Usv = 2 8§ 2 £ 8 82 8 8 & 5% £ 2 £ 2 Mo
u+1d482 a a a a a a a a a a a a a a a a \mbfita
wids3s b b b b b b b b b b b b b b b b \mbfitb
u+ldd84 ¢ ¢ € ¢ ¢ ¢C C € ¢ ¢ ¢ ¢ € ¢ € ¢ \mbfitc
widsss d d d d d d d d d d d d d d d d \mbtid
u+1d486 € e e e e e e e e e e e e e e € \mbfite
wissr f f f f f £ £ Ff F f f f f £ f f o
wid488 g & 9 § § 9 9 g9 &£ & & & 9 9 9 g \mbfig
widsy h h h h h h h h h h h h h h h h \mbfith
utldd8a ¢ @i i i i i i i @ i i i i i i i \mbfit
wllddsb g j j j j 0 3 d J J J J j J J J \mbfig
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= »n é g
5 o S 2 g 9 E = < g
- 2 % =% 2z 2 2 E % :=SEog:
Usv 5 2 8 2 £ & & & & & &8 5 £ 2 & £ Mo
widisc K k k k k k k k kB k k k k k kR k \mbfitk
widasd I I U 1 I 1 1 1 I 1 1 I 1 1 1 1 \mbfin
utldd8e T M M M m M M M M m m m m m m m \mbfitm
u+ldd8¢f M m M m m N M N B B N N N N N N \mbfim
u+ld490 o o 0 o 0o O O O O 0 O 0 O o0 o0 O \mbfito
wldd9l p p p p p P P P P P P P p P P P \mbfip
wWwid92 @ 9 9 9 9 q 4 9 q q q q g q q q \mbfig
utld43 ©* r v ¥ r r v r r r r r r ¥ r r \mbfitr
utld494 S s S S S S§ S S S§ S§ S S S S S s \mbfits
u+ldsos ¢ t t t t t t t ¢t t t t t t t t \mbfitt
u+ld4% ¥ U4 U ¥ U U U U U U U U U U U u \mbfitu
wld497 v v v v © VvV V U UV V U VvV V U V U \mbfity
utldd98 W W W W W W W W W W W W W W W w \mbfitw
utldd99 T X X X xXx X X X X X X X X X X X \mbfitx
uidd%a Yy 'y 'y Yy y V Yy y 'y y y yy ¥y y )y \mbiity
u+ldd%b 2 2z Z z z Z Z 2 Z Z Z zZ Z z z zZ \mbfitz
Bold italic Greek, uppercase
., £ 8% 3 5 £ 2 E g3 2 E ¢
Usv Z 2 5 2 £ & B &8 2 &£ B =2 % 2 E S Moo
u+ld71c A A A A A A A A A A A A A A A \m
fi-
tAl-
pha
wid7id B B B B B B B B B B B B B B B B \mb
fit-
Beta
widzte I I'’ I' I I' I r I r r I r I' \mb-
fitGamma
wid7if A A A A A A A A A A A A A \mb
fit-
Delta
wid720 FE E E E E E ©E E E E E E E E E E \mb
fitEp-
silon
wid21 £ Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z \mb-
fitZeta
wid722 H H H H H H H H H H H H H \mb
fitEta
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Usv

M

Xits

Euler

Stix2

Lucida

Macro

u+1d723

u+1d724

u+1d725

u+1d726

u+1d727

u+1d728

u+1d729

u+ld72a

=

-~
>
-~
>
-
-
>
>3

z 2
z X
= X
z X
z X
z =
z Z
z =
z R
z =
z X
z =
O N Z X

(]

u+ld72b  IT

u+1d72c

u+1d72d

u+1d72e

u+1d72f

u+1d730

u+1d731

u+1d732

u+1d733

Q

I

® | Cambria

=

43]

@ | Asana

[x

>

Q@ | Pagella

[z

@ | Dejavu

@

(8]

~

0

@)
o

® | Bonum

6]

® | Schola

~

o
>

Iy

o

Q | Termes

-

[x)

Q

[

Q@ | Libertinus

>

1

Q@ | Hellenic

A
=
=

>

o

S]
© | Fira
@ | Minion

\mb-
fit-
Theta
I 1 I \mb
fi-
tlota
K \mb-
fitKappa
\mb-
fit-
Lambda
M M M \mb-
N N

>
>
>

fitMu
\mb-
fitNu
\mb-
fitXi
O 0 O \mb-
fit-
O,
mi-
cron
T n II \mb-
fitPi
P P P \mb-
fitRho
6 O \mb-
fit-
var-
Theta
X X X \mb-
fit-
Sigma
T T T \mb
fit-
Tau
Y Y Y \mb
fi-
tUp-
silon
® ® O \mb
fit-
Phi
X X X \mb-
fitChi
Y ¥ ¥ \mb
fitPsi

[
(L]
m
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Macro

uoruriy
RILL
eponT
JIUR[[°H
snunaqry
Zxns
SOULID L,
e[oydS
wnuog
hele
naeldq
e[Pded
BUBSY
eLIqUIE)
SHX

W1

Usv

wid7zs 2 Q 0 Q O 0 QO £ 2 2 Q0 Q 2 0 0 O \mb

fit-

O-

mega
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Bold italic Greek, lowercase

T & 8 3 g = g £ £ s g
.z B33 222 Eyg2E s
usv. o 2 & 2 £ &8 &2 & & & & 3 £ 2 £ E Mawo
u+ld736 @ @ a@ o # a o« a a o0 o & o & o « \mbfi-
talpha
wirss B BB S BB B B B B E BB B B P mbbi
beta
Wwid38 Y Yy ¥ Y Y VY Y Y Y ¥ Y VY Y Y Y \mb
fitgamma
wid39 &6 & 6 &6 & 6 & 6 & &5 & 8§ & & & & \mbfi-
delta
u+ld73a € & & E & & £ -4 £ & & & 4 & &€ & \mbfit-
varep-
silon
wiasb ¢ & ¢ ¢ ¢ ¢ ¢ ¢ ¢t ¢t g m
fitzeta
Wid3e m .. m n . n M 0 B® N »n N N n N H \mb-
fiteta
wid3d & 0 6 6 6 @ 8 @ 0 0 6 0 6 0 0 0 \mbii
theta

u+ld73e L 1 L 1 L 3 L A [ 1 L 1 1 L I 1 \mbfi-
tiota

u+ld73f K K K K K K K K K K X K K K K K \mb-
fitkappa
wld740 A A 4 A A A2 A A A A A A A A A A \mbfi-
lambda
2 R VA TR T T T T TR /N 2 A T T TR AR
fitmu
u+ld742 vV v VvV v v D v v 14 v v vV v vV Vv VvV \mb-
fitnu
wieas § & § & § & & §F FE & & &£ § E § & \miid
u+ld744 O O 0 O o O (0] o o [ o o o O O O \mbfito-

micron
u+ld745s @ @ W T 7T O T W T T 7T JT T T W 7T \mb-
fitpi
wildis6 p p p p p P P P P P P P P P P P \mb
fitrho
u+ld747 ¢ ¢ ¢ G ¢ C ¢ § ¢ § 6§ & ¢ G \mb-
fitvar-
sigma
u+ld748 o0 © O© O O O O O O O O O O O 0 0 \mbfit-
sigma
u+ld749 7 T T T T T T T T T T T T T T T \mbfit
tau

u+ld74a U D vV v v VL v 17 v v v U U U U U \mbfi-
tupsilon
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] ) é.u
L‘Mf:ffﬂ EEO 'EE(U o
. 2 E 53 E 8 2 s EYEEE s

uUsv 5 £ 8§ 2 £ a4 2 & & & &5 3 2 32 & E Maao

Wid74b P P @ P P @ © 6 P P P @ ¢ P @ @ \mbii
varphi

uwld74c X ¥ X X X X X X X X X X X X X X \mb
fitchi

u+1d74d¢w¢¢¢www*/fwsbwwwwwgmb-
itpsi

uld74e W ® W W W W WV @ @® O W W W W W w \mbfito-
mega

usld7af @ O 0 d 0 0 d d @ 9 9 & 0 9 O \mbfi-
partial

u+ld750 € € € € € € € € € € € € € € € € \mb-
fitep-
silon

widsr 9 9 9 9 4 ¢ O 9 I P 98 F 3 9 9 9 \mbfit
vartheta

u+ld752 ¥ UM X 2 U X N MU X X A K M X U A \mbfit-
varkappa

w3 6 b b p p b b o b bbb b b G b
phi

wid7’54 0 0 @ @ ¢ @ e ¢ 0 ¢ 0 @ ¢ @ @Q \mbfiv
varrho

wld755 W W W ® @ W ® W W U W W W W W O \mbfit-
varpi
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Bold script, Latin, uppercase

£ 4 o =2 g = 9 é £ s =

usv 3 Egég"%%é 5 E E%é?géMacro
urldado A A A L A A A A A A A A oA \mbf-
uldddt B B B B B B B B B B B A 3B izﬁf.
uldd2 € € €  C C € € € € € € e if;l]if—
w3 D @ D 9D D D P D D DD K9/ iztff-
uldsdd & & € & £ € &€ € €& € & & & iz:f-
wldads F & F F F F F F F F F F F izf;f-
utlddde G € G Z g ¢ § ¢ ¢ & G % g ifrf)f-
uidsd? H H H Z H H H 36 I 8 I FH I izt?f-
wldads J £ 3 £ I I3 I3 9 9 I I F F ii:f.
widdds J F 9 L J I I F P P T F 5 izllof-
utlddda K H K X K K XK & H FH K K K ifr:lj)f—
wlddoe £ & L L L C L £ B K L &£ L iz:f-
utldsdc M M M M M M M 46 A N M M I if;;f.
utldddd N N N /' N N N N N N N N 72 iﬂ
ulddde @ 6 0 @ O 6 O 6 O 6 0O O o if;:f
utldddf P P P F P P P P P P PP P iz;.
widdeed @ @ Q € 0 @ 2 @ QO O 2 Q@ 2, izif.
utlddel B B R Z R R R R R R R R R iﬁ.
widde2 § & § S5 8 8§ ¥ ¥ ¥ 8 S P if;lljf-
wides T T 9T T T 9 I T 5 9I T ifiif
utldded U % U Z U U U W6 U W U U U ifif.
serU
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w
= ® g g
sy 3 2 & 2 £ 8 E & 8 £ & 2 2 2 £E Mo
utlddes V. VvV 70 VvV V @ ¥ & v ¥V V4 \mbf-
scrv
widdes W W W 7 W W W W W W W W w \mbf-
scrW
utldde7 X X X Z X X X % F X X I 74 \mbf-
scrX
widdes Y ¥ Y 272 Y Y Y Y Y Y Y ¥ Y \mbf-
scrY
wldded & & 2 Z 2 2 2 X L L 2 ZF Z \mbf-
scrz
Bold script, Latin, lowercase
s . E

uUsv 2 2 S 2 £ 8 2 &8 8 & & ﬁ 2 3 £ S Macro
u+ld4ea  a e a a a a a a4 . \mbfscra
u+ld4eb g & / b b 6 é 6 6 € \mbfscrb
u+lddec < c c c C ¢ c ¢c £ < \mbfscrc
u+ldded ad d o4 d d d d d d4 d \mbfscrd
u+lddee € e € e e e e e e @€ \mbfscre
u+lddef L F / F f / / / f / \mbfscrf
u+1d4f0 g 9 Z# 9 9 g 9 9 @9 4 \mbfscrg
u+1d4fl r N /f h h £k K A £ \mbfscrh
u+1d4f2 T 41 ¢ i 1 ¢ ¢ ¢ i T \mbfscri
u+1d4f3 Z ¢ F j d J J J i Z \mbfscrj
u+ld4f4 r £ ,{ k I kL Kk £k R B \mbfscrk
u+1d4f5 ¢ ¢ 7 U [ €& € € ¢ ¢ \mbfscrl

u+1d4f6 m m 72 m In m m m m 77 \mbf-

scrm
u+1d4f7 77 N £ n n n n n n 7 \mbfscrn
u+1d4f8 o ¢ ¢ o O o o o0 O U \mbfscro
u+1d4f9 R P o p P VR OO 2 I /] \mbfscrp
u+ld4fa 9 4 ¢ 9 q ¢ ¢ ¢ 494 @ \mbfscrq
u+1d4fb v  r r V3 V& r r ¥ \mbfscrr
u+ld4fc 3 8 J 5 O S By s s 3 \mbfscrs
u+1d4fd Z t £ t t t ¢t ¢t + T \mbfscrt
u+ld4fe wu U « u U u U w U u \mbfscru
u+ld4ff v v ¢ v vV [ [/ v v v \mbfscrv

u+1d500 w w o« w w w w w w W \mbf-

sCcrw
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o] ) g 2
= = =
2] g % %;o E E g i; g S g g ‘:'; © é
uUsv 2 2 S 2 £ 8 B R % & & 2 2 3 E Z Mo
u+1d501 xr X & x X x X x X @ \mbfscrx
u+1d502 Yy ¥ # 4y Y Yy v 9 vy Y \mbfscry
u+1d503 % zZ £ z Z & & ¥ Z X \mbfscrz
Bold fraktur, Latin, uppercase
8 < o g » é ] o
2 £ 5 % % % £ 5 E Y EZZEe:
Usv 2 = & 2 &£ £ 2 &2 & & & 3 2 2 £ Z Macro
urldsee A A AW A A A A A A A A A \mbf-
frakA
utldsed 2B B B B B B B B B B B B \mbf-
frakB
uidsee € € € € ¢ ¢ € ¢ € ¢ ¢ ¢ \mbf-
frakC
widsef D D D D D D D D D D D2 D \mbf-
frakD
wids7o &€ €€ € € ¢ ¢ ¢ € ¢ ¢ ¢ € \mbf-
frakE
wids71 § F F § F T T § F 8§ § B \mbf-
frakF
wids72 & 8 6 6 & & & 8 6 8 6 ¢ \mbf-
frakG
wids73 H H H H H H H H H H H 9 \mbf-
frakH
wlds74 IS I3 I3 T T 3 J 3 S ] \mbf-
frakl
wids?’s § OF I O I I I3 T I F T \mbf-
frak]
wids7e & K& & & A A A & K & 8 K \mbf-
frakK
wids77 £ & g2 2 ¢ ¢ ¢ ¢ £ ¢ g8 2 \mbf-
frakL
u+lds78 DT W WM M VT VT M M DT M M M \mbf-
frakM
urlds79 DT M N R N N N R N R N N \mbf-
frakN
wids7a O O O O O H O 9 H O O O \mbf-
frakO
wids?e PP B P P P P P P P PP \mbf-
frakpP
uds7e Q QA QA Q8 N N O 9 QO 9 [/ A \mbf-
frakQ
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= " g o
, 2 £ 3 %2 58 % £ g5 2% ¢
usv 2 2 & 2 & & E2 & ¥ &€ B 3 £ 32 E Z Mo
wlds7d M M R R R R R % R & N N R \mbf-
frakR
wids7e & & 8 6 &6 6 6 8 & 6 © © \mbf-
fraksS
wlds7f F T ¥ T T ¥ T g ¥ T 2 Z \mbf-
frakT
ueldsgo L U U U o0 o U u M ou u u \mbf-
frakU
uwldssl U B B B W W W ¥ L VB B B \mbf-
frakVv
ueldsg2 20 2B W W 5 W W VW W W B W \mbf-
frakw
w+dsg3 X ¥ X X X X X ¥ X X % X \mbf-
frakX
widses ) D 9 9 YV Y Y 9D 9 9 Y lelffv'
ra
widsss 3 3 3 3 3 3 3 3 3 3 3 3 \mbf-
frakz
Bold fraktur, Latin, lowercase
g s s @ é =
USv Z 2 5 2 & 8 22 3 & 8 E 2 2 £ 5 Macro
u+lds86 @ a4 a a a a a a a a a a \mbffraka
uwidss7 b b b B b b b b b B b b \mbffrakb
u+1d588 ¢ [ c ¢ c C c ¢ C 4 c ¢ \mbffrakc
u)lds89 0 D D D O O O » OV » D b \mbffrakd
u+ld58a ¢ e e ¢ ¢ 4 e e 4 3 e ¢ \mbffrake
wldsso F f F F F F F f F f F f \mbiffrakf
u+ldséc ¢ ¢ ¢ 9 9 9 9 ¢ 9 ¢ ¢ ¢ \mbffrakg
widssd b 5 B h B B b b Hh b §h § \mbffrakh
u+ldsge 1 0t 0t i i i i i 1111 \mbffraki
USELE 1 RS GRS G GG ARG NS N S N SN S \mbffrakj
uildsoo € F F f £ € & t & t ¢ ¥ \mbffrakk
weldsor L0 L o ¢ ¢ r ¢ [ \mbffrakl
u+ld592 M M m M m wm m m M om om m \mbffrakm
u+ld593 1T 1 N T N N N 1 N 1 o n n \mbffrakn
u+ld594 © o o 0 o 0 0 o0 0 0 o DO \mbffrako
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o 5
E g = 2 £ = 8 2 2 s g
R R NEE RN
Usv 5 2 8 2 £ &8 8 & & & 5 5 £ 3 & 2 Maco
u+lds9s P P P P P P P p» P p» P b \mbffrakp
u+lds% ¢ 9 9 9 9 g9 9 a9 9 9 g9 q \mbffrakq
u+ld597 ¢ r r v ¢ T T ot T t T T \mbffrakr
u+1ds98 § 8 s S5 s S§ S s § s 8 § \mbffraks
ubldso9 ¢ttt ot t t ¢t t t t ¢t \mbffrakt
u+ld59a ¥ M M M U U U u U v U u \mbffraku
u+lds59b B ®» ®» ®» B VYV VBV v VvV v L D \mbffrakv
u+ld59c 0 W W W v W W W W W W W \mbffrakw
u+lds9d r ¥ ¥ X r r r x ¥ x ¥ ¥ \mbffrakx
uwlds9e § H B Y Yy Y Yy v H v P Yy \mbffraky
wlds9f 3 3 3 3 3 3 3 & 3 3 3 3 \mbffrakz
Bold sans serif, Latin, uppercase
] = o g » é g o
. 2 E % % 3 2 Ey g 2E ¢
Usv 2 2 85 2 £ & 2 &8 22 &2 3 2 3 E 2 Mao
widses A A A A A A A A A A A A A \mbf-
sansA
widsss B B B B B B B B B B B B B \mbf-
sansB
widsds C C € C € € C ¢ € C ¢ C C \mbf-
sansC
widis D D D D D D D D D D D D D \mbf-
sansD
widtsea E E E E E E E E E E E E E \mbf-
sansE
wis« F F F F F F F F F F F F F \mbf-
sansF
widsda G G G G G G G G G G G G G \mbf-
sansG
wtldsh H H H H HHHHMHHMHMH H \mbf-
sansH
utldsee I 0 1 1 0 I 11 1 1 1 I \mbf-
sansl
wildsad JJ ) 3 ) )y 3 J ) J J J \mbf-
sans]
widsdee K K K K K K K K K K K K K \mbf-
sansK
widsdf L L L L L L L L L L L L \mbf-
sansL
Fortsetzung ...
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< .
= =] 3 =
@ g g %3 E E g ig % S é é % © é
usv 3 2 8§ 2 € & 2 &8 2 € & 5 2 2 E £ Mo
wldse0 M M M MM MMMMMMM M \mbf-
sansM
widsel N N N N N N N N N N N N N \mbf-
sansN
widse2 O O 0 O O O O 0O O O 0 O (o] \mbf-
sansO
utldse3 P P P P P P P P P P P P P \mbf-
sansP
wigsed Q Q Q Q Q Q Q @ Q @ Q Q Q \mbf-
sansQ
u+ldses R R R R R R R R RRR \mbf-
sansR
utldsee S S § S S § S S S S s S S \mbf-
sansS
wldsez T T T T T T T T T T T T T \mbf-
sansT
widse¢s U U U U U U U U U U U U u \mbf-
sansU
widsed V. V. V. V V. V V V V V VvV V \Y \mbf-
sansV
utldsea W W W W W W W W W W W W w \mbf-
sansW
uwrldseb X X X X X X X X X X X X X \mbf-
sansX
widsec Y Y Y Y Y Y Y Y Y Y Y Y Y \mbf-
sansY
uwldsed Z Z Z Z Z Z Z Z Z Z Z Z Z \mbf-
sansZ
Bold sans serif, Latin, lowercase
s © o @ é 9 .
USv = =2 5 2 8 8 B & 328 8 3 2 3 E& 2 Moo
u+ldSee @ a@a a4 a4 a a a a a a a a a \mbfsansa
widsef b b b b b b b b b b b b b \mbfsansb
u+ldsf0 € ¢ ¢€¢ € € € C€¢c ¢ € C ¢ cC C \mbfsansc
widsfi d d d d d d d d d d d d d \mbfsansd
u+ld5f2 € e e e e e e e e e e &e e \mbfsanse
uwigsfes £ fF F F Ff f f f £ f f f f \mbfsansf
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229



m Unicode symbol list

230

2]
< =] [}
e . g g £ 8 s g
.8 538 5 22 Ey3dE ;s
= £ 8 2 g @ 83 3 9 I = |2/ I 3 =5 Z
UsSv 53 ¥ 0 « & A4 4 & $ = » 49 T 4O &£ = Maco
u+ldsf4 g g8 g8 8 9 9 g8 9 8 9 g 8 g \mbfsansg
widst5s h h h h h h h h h h h h h \mbfsansh
usldsf6 @ 01 0 1 i [ T S T T i \mbfsansi
wdsf7 §§ d d G d i 0 d dd j \mbfsansj
widsf8 k k k k k k k k k k k k k \mbfsansk
wigsfo L1011 L 111U 1 | \mbfsansl
u+ldsfa M M m m m m m m m m m m m \mbfsansm
u+ld5fh M N N N N N N N N N nNn n n \mbfsansn
u+ld5fc O O O O O O O O O O o o (o] \mbfsanso
widsfd P P P P P P P P P P P P p \mbfsansp
utldsfe ¢ 9 9 9 9 9 q 9 9 9 g9 q q \mbfsansq
u+ld5ff r r r r r r r r r r r r \mbfsansr
u+ldeg0O0 S S8 S S S S s s S S s S S \mbfsanss
utldeol t t t t t t t t t t t ¢t t \mbfsanst
u+ldé02 U U U U U U U U U U U U u \mbfsansu
u+ldé03 v v Vv Vv Vv Vv VvV V V V Vv vV A" \mbfsansv
u+ldé04 W W W W W W W W W W w wW w \mbfsansw
u+ldé05 X X X X X X X X X X x X X \mbfsansx
utlde06 'y 'y y y Y Y V YV Y VYV VYV Y Yy \mbfsansy
u+lde07 2z z z z Z 2 z z Z Z z 1Z z \mbfsansz
Bold italic sans serif, Latin, uppercase
2z
T =}
E s 3 £ 8 £ £ s £
. E 83 % 52 % Ev g 2E 2
= 2 8 2 & ¥ 3 8 g 9o B £ F 3 5 2
Usv 5 ¥ 0o <« & QA @ & $ = » 49 & 49 K& =2 Maco
wid3c A A A A A A A 4 A 4 A A A \mbfit-
sansA
widedd B B B B B B B B B B B B B \mbfit-
sansB
widese C € € C € € C ¢c € c ¢ C C \mbfit-
sansC
wide3f D D D D D D D D D D D D D \mbfit-
sansD
widsdo E E E E E E E E E E E E E \mbfit-
sansE
widedr F F F F F F F F F F F F F \mbfit-
sansF
wided2 G G G G G G G G G G G G G \mbfit-
sansG
Fortsetzung ...
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o 5
£ s 3 £ = 8 £ 8 = g
2 5 5 L %2 8B EE EY RS sz
Usv 3 2 & £ &£ & B &8 %3 & 8 83 £ 2 £ 2 Maro
wids3 H H H H H H H H H HH H H \mbfit-
sansH
uwtidess I I 1/ 1 1 I 1 I I 1 I I \mbfit-
sansl
widess J J ) J ) J 3 J J J J ] J \mbfit-
sans]J
uwldese K K K K K K K K K K K K \mbfit-
sanskK
widea7 L L L L L L L L L L L L L \mbfit-
sansL
wldas M M M M M M M M M MMM M \mbfit-
sansM
uwiddd N N N N N N N N N N N N N \mbfit-
sansN
wideda O O 0 O O O O 0 O O O O o \mbfit-
sansO
uwldesb P P P P P P P P P P P P P \mbfit-
sansP
widede @ Q Q@ Q@ @ @ QO @ Q @ Q Q Q \mbfit-
sansQ
widdd R R R R R R R R R R R R \mbfit-
sansR
widede S S§ S S S § S S § S s S S \mbfit-
sansS
wideaf T T T T T T T 7 T T T T T \mbfit-
sansT
wideso U U U U U U U U U U U U U \mbfit-
sansU
wies1 V.V V V.V V V VV VYV YV v \mbfit-
sansV
uldss2 W W W W W w W W W WWw w w \mbfit-
sansW
wides3 X X X X X X X X X X X X X \mbfit-
sansX
widesa Y Y Y Y Y Y XY Y'Y Y VY Y \mbfit-
sansY
widess Z Z Z Z Z Z Z Z Z Z Z Z z \mbfit-
sansZ

Bold italic sans serif, Latin, lowercase
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%2}
< o g g
usv Z 2 S 2 &£ & B R 3 & B ﬁ £ 32 £ = Macro
u+ldé56 @8 a@a a a a a a a ada a a a a \mbfitsansa
wids7 b b b b b b b b b b b b b \mbfitsansb
u+ldé5¢ € €¢ € ¢ € € ¢ ¢ € ¢ ¢ c \mbfitsansc
wides9 d d d d d d d d d d d d d \mbfitsansd
u+ldé5a € e e e e e e e e e e e e \mbfitsanse
wldeso £ f F f F F f f f f f f f \mbfitsansf
u+ldé5c g g & & 9 9 8 9 8 9 8 8 g \mbfitsansg
wldessd h h h h h h h h h h h h h \mbfitsansh
usldese 4 @ 0@ @ @i i i F i i 1 i \mbfitsansi
ueldest j o4 j j j J i i J i i J Jj \mbfitsansj
uwideo kK kK k k k k k k k k k k k \mbfitsansk
uwsldeer I 1 1 1 1 v 1 I I [ [ I \mbfitsansl
u+ldé62 M M M m M M Mm m m m m m m \mbfitsansm
u+ldé63 M n nNn n N N n nNn N N n n n \mbfitsansn
u+ldéb4 O o0 O O O O O O O O o O o \mbfitsanso
utlde65 p p p p p P p p P p p p p \mbfitsansp
utlde66 ¢ 9 q9 q q9q 9 dq q 9 q q ¢q q \mbfitsansq
u+ldé67 r r r r r r r r r r r r r \mbfitsansr
u+lde68 § s S S S S S s S S s s s \mbfitsanss
utldeed t ¢ t t t t t t ¢t t t t t \mbfitsanst
u+ldéséa 4 U4 U U U U U U U U u u u \mbfitsansu
utldebb v v v Vv Vv Vv Vv Vv V V v VvV "4 \mbfitsansv
u+ldésbc W w w w W wW wW w W wW w w w \mbfitsansw
u+ldeed X X X X X X X X X X Xx X X \mbfitsansx
utldebe y y ¥ Yy Y vy v y Yy Yy y vy y \mbfitsansy
u+ldef z z z z Zz 2 z 2z Z Z z Z z \mbfitsansz
Bold sans serif Greek, uppercase
2
ot » S 9

usv 3 2 8§ 2 £ & 222 2 & F 5 2 3 EE Mo
widse A A A A A A A A A AAA A \mbf-

sansAlpha
wid7s7 B B B B B B B B B B B B B \mbfsans-

Beta
wizss T T r r rrrr rrrtr r \mbfsans-

Gamma
widss A A A A A A A A A A A A A \mbfsans-

Delta
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< 2
= S 2 g g = g g
usv 3 2 & 2 £ & E R & & B 3 2 2 E E Mo
widzsa E E E E E E E E E E E E E \mbf-
sansEpsilon
wld?sh Z Z Z Z Z Z Z Z Z Z I Z Y4 \mbfsan-
sZeta
wdsc H HH HHMHHHMHMHMHH H \mbf-
sansEta
wid’sd @ © 6 © © © 06 @ © © 0 O (©) \mbfsans-
Theta
weld7se 1T 1 0L 1 0 I 1 1 1 1 1 1 \mbfsan-
slota
wid7sf K K K K K K K K K K K K K \mbfsan-
sKappa
wid60 A A A AN A AN AN AN A NN A A \mbf-
sansLambda
widet M M MM MMM M MMM M \mbf-
sansMu
wid62 N N N N N N NN N NNN N \mbf-
sansNu
wld763 = = = = = = = = Z Z = = = \mbfsansXi
widzea O O 0 O O O 0 0O O 0 0 O (e] \mbfsan-
sOmicron
widzes T 0 0O O 0o 00N n n \mbfsansPi
widzes P P €6 P P P P P P P P P P \mbfsan-
sRho
ildze7 © ©6 P © © © 6 © © 6 6 O \mbf-
sansvar-
Theta
u+ld76s X X X X X X X X X X I X b3 \mbf-
sansSigma
widzed T T T T T T T T T T T T T \mbf-
sansTau
widea T Y Y T Y Y Y Y Y Y Y Y Y \mbfsan-
sUpsilon
utldzeb ® D & & & & O ¢ O ¢ O P o \mbf-
sansPhi
wldzee X X X X X X X X X X X X X \mbfsan-
sChi
wid7ed W W @ U W W Y vy Y Y g g ¥ \mbf-
sansPsi
widiee 2 Q O Q2 O O O Q@ Q Q 0 Q Q \mbfsan-
sOmega

Bold sans serif Greek, lowercase
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W)
3
< %) s g
S 2 % % 5 g % g o 5 5 TE -g
= 2 E 3 %% 2 E £ 5 2 873 % g&
UsSv 2 2 J 4 & a 82 8 & & & 3 £ 3 E E Maao
u+ld770 @0 O O o a a o0 aO a o a o 4 \mbfsansal-
pha
w772 B p B B B B B B B B B B B \mbfsans-
beta
uvld772 ¥ 'Y ' Y ¥ Y Y Y ¥ Y Y Y Y Y \mbfsans-
gamma
wid773 & & & &6 6 6 d § & &§ & O \mbfsans-
delta
u+ld774 € € € & €& € € € € € €& ¢ 3 \mbf-
sansvarep-
silon

wid7s ¢ & T & ¢ T T g5 T g T ¢ [ \mbfsan-

szeta

u+ld776 M N N M N N N N N N n N n \mbfsanseta
wid7zz 6 ©6 6 6 6 © 6 8 6 © O O 0 \mbfsans-
theta
u+1d778 L L L L L L L L L L L L L \mbfsansiota
u+1d779 K K K K K K K K K K \mbfsan-
skappa
utldiZa X A A N A A A X A A A A A \mbf-
sanslambda
u+ld77b » B U p H B MU H KU U p M \mbfsansmu
u+ld77¢ vV V V. VvV vV vV Vv vV V VvV Vv Vv \Y \mbfsansnu
widzzd € & & E & & T E & E T OE € \mbfsansxi
u+ld77e O O O ©o O O O O O O O O (o] \mbfsan-
somicron
u+ld77f I M M T™® M T M N m T s \mbfsanspi
u+1d780 P P P P P P P P P P P P \mbfsansrho
u+ld781 ¢ ¢ ¢ ¢ 6 6 ¢ G G G ¢ ¢ G \mbfsansvar-
sigma
u+ld782 ¢ © O © O O 0 O O O © O© o \mbf-
sanssigma
u+ld7¢3 ¥+ T* T T T T T T T T T =T T \mbfsanstau
u+ld784 W O YV v L UL v U vV v v L \mbfsansup-
silon
WSS @ @ ® P P P O P P P Y Qe @ \mbf-
sansvarphi
usld786 X X X X X X X X X X X X X \mbfsanschi
wid7e7 b ¢ U ¢ 9w oy U v Y ¢ Y Y () \mbfsanspsi
u+1d788 W W W ® W W W W W W W o w \mbfsan-
somega
uwld789 0 O O d & O O 9 9 0 9 0 \mbfsanspar-
tial
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< %) é =
= < =} =}
USv E%S%ﬁéﬁé%ﬁ%ﬁéaﬁgMacro
u+ld78a € € € € € € € € € € € \mbfsansep-
silon
uw+ld7eb ¥ & 9 & 9 9 g 9 & 9 9 9 \mbfsansvar-
theta
u+ld78¢ U K U N K X H U H X X \mbf-
sansvarkappa
widzsd @ ¢ & o b ¢ o b ¢ o $ \mbfsansphi
u+ld78e @ @ @ p @ @ e @ @ @ e \mbfsansvar-
rho
u+ld78f W W W D W @ D PO w w \mbf-
sansvarpi
Bold italic sans serif Greek, uppercase
E < = 72} é’ o
= < =] = o
usv 2 2 8 2 8 8 2 8 32 & 2 3 £ 325 Mo
widi90 A A A A A A A A A A A A A \mbfit-
sansAlpha
wid791 B B B B B B B B B B B B B \mbfit-
sansBeta
widz2 - r r r r r r r r rrr r \mbfit-
sans-
Gamma
wld3 A A A A A A A A A A A A A \mbfit-
sansDelta
wid79a E E E E E E E E E E E \mbfit-
sansEp-
silon
widres Z Z Z Z Z Z Z zZ Z Z ZI 7 V4 \mbfitsan-
sZeta
w9 H H H HH H HHH HHH H \mbfit-
sansEta
wld797 @ @ 06 @ @6 @ 6 @ O O 0 O o \mbfit-
sansTheta
weldzos I 1 11 1 1 1 I I 1 1 ] \mbfitsan-
slota
wid799 K K K K K K K K K K K K K \mbfitsan-
sKappa
wid9a A A A A A A AN A A A A A \mbfit-
sansLambda
wdo M MM M MMMMMMMM M \mbfit-
sansMu
Fortsetzung ...
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E g = 2 g = & £ g = g
RS EENENEENS
usv 3 2 § 2 € & 8 R 8 & 8 3 2 2 & F Mo
wido9c N N N N N N NN N NN N N \mbfit-
sansNu
wld7d = £ = = £ £ =z £ Z T = Z = \mbfitsan-
sXi
wide O O 0 O O O O 0 O O 0 O (o) \mbfitsan-
sOmicron
widzof I T 0 oo 0o M nnini n \mbfitsan-
sPi
wlid7ao P P @6 P P P P P P P P P P \mbfitsan-
sRho
widZal, 68 6 P 6 6 © 6 e 6 6 6 O \mbfit-
sansvar-
Theta
widzaz ¥ X ¥ X £ 2 X 2 X X I X > \mbfit-
sansSigma
widZa3 T T T T T T T 7 T T T T T \mbfit-
sansTau
wid7aa T Y Y T Y Y Y Y Y Y VY Y Y \mbfitsan-
sUpsilon
wld7ias @ @& ¢ & @ & O© ¢ @ ¢ ¢ P o \mbfit-
sansPhi
widzae X X X X X X X X X X X X X \mbfitsan-
sChi
widza7 W W ¥ ¥ Y Y Y v WYy vy b 4 \mbfit-
sansPsi
wid7a8 2 @ 0 2 0 0 QO 2 £ 0 0 Q Q \mbfitsan-
sOmega
Bold italic sans serif Greek, lowercase
o] « = g ) é E o
= ] =] <
. E E3 5 5 2% Evg2E o 3
usv 3 8 & 2 &£ & E R E &€ 83 & 3 £ F Mo
+ld7Zaa a0 @ @ o« a@a a o a a a a o o \mbfit-
sansalpha
wid7ab B B B B B B B B B B B B B \mbfitsans-
beta
utldzac o4 Y ¥V ¥ Y Y Y Y Y Y VvV Y Y \mbfitsans-
gamma
uldzad 6 & 8 &6 &6 & § 8 6§ &§ O o \mbfitsans-
delta
u+ld7ae € E & & & & € € & € ¢ & & \mbfit-
sansvarep-
silon
Fortsetzung ...
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2]
< =] ¥
E g = 3 £ = 8 2 £ s g
R RS RN ENEE Y
USv 5 2 8§ 2 £ 4 8 &8 & & 85 3 & 2 Maao
widzaf ¢ ¢ ¢ § T ¢ ¢ ¢ T C ¢ C \mbfitsan-
szeta
wldb0 1 n n M N N n on nn n n \mbfit-
sanseta
wildzb1 86 6 6 6 6 6 6 8 6 6 0 0 ?] \mbfitsans-
theta
u+ld7b2 L L { L L L L ] { { ] L L \mbfitsan-
siota
u+ld7b3 K K K K K K K K K K K K K \mbfitsan-
skappa
uwld?bd A A A A A A A A A A A A A \mbfit-
sanslambda
WidbS 4 M M B M M W g M M g g H \mbfit-
sansmu
uld7b6 ¥ Y V. .V V V vV V V V VvV V v \mbfit-
sansnu
widby € & § & & & T & & & & EE \mbfitsansxi
u+ld7b8 o0 o o o O O O O O O o0 O o \mbfitsan-
somicron
u+ld7b9 ® T T ™ WM WM T W T M T T m \mbfitsan-
spi
utldzba p p p p P P P P P P P P P \mbfitsan-
srho
utldlb ¢ ¢ ¢ ¢ 6 ¢ ¢ ¢ ¢ 6 ¢ ¢ G \mbfit-
sansvar-
sigma
u+ldlbc ¢ 0 0 © O O G O O O 0 O©O o \mbfit-
sanssigma
utld7lod ©* T T T T T T T T T T 7T T \mbfit-
sanstau
u+ld7lbe ¥ © VvV v U U U LV VU UL UV DU v \mbfitsan-
supsilon
WA P @ @ @ @ @ © ¢ ® P 9 ¢ @ \mbfit-
sansvarphi
W70 X X X X X X X X X X X X X \mbfitsan-
schi
widick P v ¢ ¢y oy by Y Y Yy \mbfit-
sanspsi
uld7ic2 W w W @& W W W W W W w W w \mbfitsan-
somega
uld7zc3 @ 0 @ & @ 0 o 8 8 9 0 0 \mbfit-
sanspartial
u+ld7c4 € € € € € € €E € € € € \mbfit-
sansepsilon
Fortsetzung ...
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Macro

uoruy

AL
epoNT
JIUR[[°H
SNUNIAIT
Zxns
SOULID],
B[oydS
wnuoyg
My
naelq
e[aded
BURSY
eLIquIe)
SITX

WT

Usv

\mbfit-

9

g g & 9 I

9 9 9 8 9 9

u+1d7c5

sansvartheta
\mbfit-

H n H Xx

u+ld7c6 H X X U K X

sansvarkappa

\mbfit-

¢

¢ & ¢ 9

u+ld7c7 ¢ ¢ b ¢ ¢ @

sansphi
\mbfit-

e

e e ¢ ¢

0 o0 e p @ @

u+1d7c8

sansvarrho
\mbfit-

w

DWW

u+ld7¢c9 W W W D@ W W

sansvarpi

Verschiedenes

Macro

uoruIy

RIL]
epoNT
JIUR[[PH
SNUNIAIT
Z¢xXns
SOULID],
e[oydS
wnuog
Iy
naelq
e[eded
BURSY
eLIqUIR)
SIX

WT

Usv

0 O O \matheth

d 8 0 9

u000fF0 0 0 & O O & O O 0O

u+02010

- \mathhy-
phen
C CcccCccCccccCccCcCCco¢cCQOCOCCC s

u+02102
u+0210a

\mscrH

\mfrakH

wlof h A A h h h h h A h h h A h h h \hslash®

wo210 J ¥ 3 I I3 I3 9 9 I I F

\mscrl
J \Im(p)

\mscrL
£ \el®

N N IN \BbbN

eIV

[ IANIEN

N NNNNNNDNDNNDNNIN

u+02115

- Y >
13583338
2B BEgmRBE
L& QO ¢ AN
e o Z N
o R e NN
SEQOXEANM
Lo mxN®
S OIXRX=mEZNO®
SO EHMN ™
e OREENMm
e O EMN™
Sae O K ENM
SEOKEENM
e O EHKBNM
s ONEMN®
LEOBEHEN®
SE IR EZNO®
S ORExXxNM

\turne-
diota

1

1

u+02129
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'S c S B < 9] E = < =]
usv 3 ¥ 0O <« &£ A @ e $ = H 49 L 4O £ = Maco
u+0212b A A 10\ A A A A A A A A A A A 10\ \Angstrom
wi2e B B B BB B B B B B B B B & \mscrB
w2i2d € € € € ¢ ¢ ¢ € € € € €C € ¢ \mfrakC
u+0212f € e ¢ e e e e e e ¢ e \mscre
woezo £ & E & £ € & 8 & € & & &€ & \mscrE
Wt F FF S FEF TEFF F FFFOSF \mscrF
w02133 M M M A M M N M Mo Mo M M M 971 \mscrM
u+02134 ¢ ¢ o o 0 o 0 o0 O ¢ @ \mscro
02135 X R N N N N XN N N N X X X K N N \aeph®
w2136 1 2 13 J 2 2 22 2 2 2 2 1 2 a2 \beth®
w02137 0 2 2 1 X X T X X ) A 2 2 a2 ) \gimel®@
w2133 703 07 T 7T 7T T 7T T 7T % 7 T 7 T 7T \daleth®
wo2lld § Y ¥ Y Y Y Y ¥ Y T ¥ P \Bb-
bgamma
we I T T ' T ©r T T " T T I \Bb-
bGamma
we0223fF 01 00 I I IT I 00 IT IT IT 1 IT \Bbbpi
w0202 O 0 9 0 0 9 0 9 d 0 3 9 O 3 O O \partia®
w200 V.V V VV VVV V VVV V V VV \nabla®
u+ldéa4 ¢ ¢ 1t ¢ ¢ 1 1 U 1 ¢ 1 L I t I 1 \imath®
wldéas )y J 7 ] J ) J J J J J J J J ] \imath®
wldecr V.V V VV VVV V V VV V V V V \mbfnabla
widefb V V. 7V V VV VV V V VvV V V V V \minabla
wid3s V.V V VVvVVVV VV Vv VvV v vV m
fitnabla
widzef V.V VVVVVV V V VYV v \mbf-
sansnabla
widzas VV VVVV VY V VPV V v \mbfit-
sansnabla
u+ld7ca F F F F F F F \mbfDigamma
u+1d7cb F F F F F f F \mbfdigamma
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