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1. In t r oducti on This is a concise summary of recommended features in LATEX and a
couple of extensionpackagesfor wr i ting math for mul as. Readersneeding greaterdepth of
detail are referred to the sources listed in the bibli ography, especially [Lamport], [LaTeX-U],
[AM UG], [LaTeX-F], [LaTeX-G], and [GMS]. A cert ain amount of familiarit y with standard
LATEX terminology is assumed; if your memory needs refreshing on the LATEX meaning of
command, optional argument, environment, package, and so forth, see [Lamport].

The features described here are available to you if you use LATEX with two extension
packages published by the American Mathematical Society: amssymband amsmath. Thus,
the source � le for this document begins with

\documentclass{article }
\usepackage{amssymb,amsmath}

The amssymbpackagemight be omissible for documents whosemath symbol usageis rela-
tiv ely modest ; the easiest way to test th is is to leave out the amssymbreferenceand seeif
any math symbols in the document stop working.

Many noteworthy features found in other packagesare not covered here; see Section 9.

2. Inl ine math form ul as and disp layed equati ons

2.1. Th e f undament als Entering and leaving math mode in LATEX is normally donewit h
the following commands and environments.

inl ine for mulas di spl ayed equations

$ . . . $
\( . . . \)

\[...\] unnumbered

\begin{equation*}
. . .
\end{equation*}

unnumbered

\begin{equation}
. . .
\end{equation}

automatically
numbered

Note. Alter nativ e environ ments \b egin {math} . . . \e nd{math} , \b egin {dis play math} . . . \en d{d ispl aymath}
are seldom needed in practice. Using the plai n TEX notatio n $$ . . . $$ for displayed equations is not rec-
ommended. Even tho ugh it is not expressly forbi dden in LATEX, it interferes wi th the proper operation of
various features such as the fl eqn option.

Envir onments for handling equation groups and multi-lin e equations are shown in Table 1.

2.2. Autom atic numberin g and cr oss-ref erenci ng To get an auto-numbered equa-
tion, usethe equation envir onment; to assign a label for cross-referencing, use the \label
command:

\begin{equation}\label {reio}
...
\end{equation}
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Table 1: Mul ti-lin e equations and equation groups (vertical lines indicating nominal mar-
gins).
\begin{equation}\label {xx}
\begin{split}
a& =b+c-d\\
& \quad +e-f\\
& =g+h\\
& =i

\end{split}
\end{equation}

a = b+ c � d

+ e � f

= g + h

= i

(2.1)

\begin{multline}
a+b+c+d+e+f\\
+i+j+k+l+m+n
\end{multline}

a + b+ c + d + e+ f

+ i + j + k + l + m + n (2.2)

\begin{gather}
a_1=b_1+c_1\\
a_2=b_2+c_2-d_2+e_2
\end{gather}

a1 = b1 + c1 (2.3)

a2 = b2 + c2 � d2 + e2 (2.4)

\begin{align}
a_1& =b_1+c_1\\
a_2& =b_2+c_2-d_2+e_2
\end{align}

a1 = b1 + c1 (2.5)

a2 = b2 + c2 � d2 + e2 (2.6)

\begin{align}
a_{11}& =b_{11}&

a_{12}& =b_{12}\\
a_{21}& =b_{21}&

a_{22}& =b_{22}+c_{22 }
\end{align}

a11 = b11 a12 = b12 (2.7)

a21 = b21 a22 = b22 + c22 (2.8)

\begin{flalign*}
a_{11}& =b_{11}&

a_{12}& =b_{12}\\
a_{21}& =b_{21}&

a_{22}& =b_{22}+c_{22 }
\end{flalign*}

a11 = b11 a12 = b12

a21 = b21 a22 = b22 + c22

Note 1. Th e spl it environ ment is someth ing of a special case. I t is a subordina te enviro nment tha t can
be used as the content s of an equati on environ ment or t he contents of one \line " in a mult iple-equation
stru cture such as al ign or gat her .

Note 2. Th e eqnarr ay and eqnarr ay* environ ments describ ed in [Lam port] are not recommended because
they produce inconsistent spacing of th e equal signs and make no atte mpt to prevent overprin tin g of the
equation body and equation number.



Short Math Guide for LATEX, version 1.07 (2000/07/19) 3

To get a cross-referenceto an auto-numbered equation, usethe \eqref command:

... using equations \e qref{ax1} and \eqref{bz2}, we
can derive ...

The above examplewould produce something like

using equations (3.2) and (3.5), we can derive

In other words, \eqref{ax1} is equivalent to (\ref{ax1}) .
To give your equation numbers the form m.n (section-number.equation-number), use

the \numberwithin command in the preamble of your document :

\numberwithin{equation }{section}

For more details on custom numbering schemes see[Lamport, x6.3, xC.8.4].
The subequations envir onment provides a convenient way to number equations in a

group wit h a subordinate numbering scheme. For example, supposing that the current
equation number is 2.1, write

\begin{equation}\label {first}
a=b+c
\end{equation}
some intervening text
\begin{subequations}\l abel{grp}
\begin{align}
a&=b+c\label{second}\\
d&=e+f+g\label{third}\ \
h&=i+j\label{fourth}
\end{align}
\end{subequations}

to get
a = b+ c (2.9)

some intervening text

a = b+ c (2.10a)

d = e+ f + g (2.10b)

h = i + j (2.10c)

By put ting a \label command immediately after \begin{subequations} you can get a
referenceto the parent number; \eqref{grp} from the above example would produce(2.10)
while \eqref{second} would produce (2.10a).

3. Math sym bols and math fon t s

3.1. Cl asses of math symbols The symbols in a math formula fall into di�e rent classes
that correspond more or less to the part of speech each symbol would have if the formula
were expressed in words. Certain spacing and positioning cues are trad ition ally used for
the di� erent symbol classes to increasethe readabili ty of formulas.

Class
num ber M nemoni c

Descr ipt ion
(part of speech) Exampl es

0 Ord simple/ord inary (\nou n") A 0 � 1
1 Op pre� x operator

P Q R

2 Bin binary operator (conjunct ion) + [ ^
3 Rel relation/comparison (verb) = < �
4 Open left/op ening delimiter ( [ f h
5 Close right/clos ing delimiter ) ] g i
6 Pun post� x/p unctuation : ; ; !
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Note 1. Th e disti nctio n in TEX between class 0 and an addition al class 7 has to do only wi th font selecti on
issues and is imm ateri al here.

Note 2. Symbols of class Bin, not ably the minus sign � , are autom atic ally coerced to class 0 (no space) if
they do not have a suitable left operand.

The spacing for a few symbols follows trad ition instead of the general rule: although =
is (semanti cally speaking) of class 2, we wri te k=2 with no space around the slash rather
than k = 2. And compare p|q pjq (no space) with p\mid q p j q (class-3 spacing).

The proper way to de�n e a new math symbol is discussed in LATEX 2" font selection
[LaTeX-F]. It is not really possible to give a useful synopsis here becauseone needs� rst to
understand the rami�cation s of font speci� cations.

3.2. Some symbol s intenti ona ll y omitt ed here The following math symbols that
are mentioned in the LATEX book [Lamport] are intentionally omit ted from this discussion
becausethey are superseded by equivalent symbols when the amssymbpackage is loaded.
If you are using the amssymbpackageanyway, the only th ing that you are likely to gain by
using the alternate name is an unnecessary increasein the number of fonts used by your
document.

\Box, see\square �
\Diamond, see\lozenge �
\leadsto , see\rightsquigarrow  

\Join , see\bowtie ./
\lhd , see\vartriangleleft C

\unlhd , see\trianglelefteq E
\rhd , see\vartriangleright B

\unrhd , see\trianglerighteq D

3.3. Latin letters and Arabic numeral s The Latin letters aresimplesymbols, class0.
The default font for them in math formulas is ital ic.

A B C D E F G H I J K L M N O P Q R S T U V W X Y Z
abcdef gh i j k l m n opqr s t u v w x y z

When adding an accent to an i or j in math, dotless variants can be obtained with \imath
and \jmath :

{ \imath | \jmath |̂ \hat{\jmath}

Arabic numerals 0{9 are also of class0. Their default font is upright /roman.

0123456789

3.4. Gr eek letters Like the Latin letters, the Greek letters are simple symbols, class0.
For obscure historical reasons,the default font for lowercase Greek lett ers in math formu-
las is ital ic while the default font for capital Greek let ters is upright/roman . (In other
�eld s such as physics and chemistry, however, the typographical t raditions are somewhat
di� erent.) The capital Greek lett ers not present in this list are the letters that have the
same appearance as someLati n letter: A for Alpha, B for Beta, and so on. In the list of
lowercaselet ters there is no omicron becauseit would be identical in appearanceto Lati n o.
In practice, the Greek let ters that have Latin look-alikesare seldom used in math formulas,
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to avoid confusion.

� \Gamma
� \Delta
� \Lambda
� \Phi
� \Pi
	 \Psi
� \Sigma
� \Theta
� \Upsilon
� \Xi

 \Omega

� \alpha
� \beta

 \gamma
� \delta
� \epsilon
� \zeta
� \eta
� \theta
� \iota
� \kappa
� \lambda
� \mu
� \nu

� \xi
� \pi
� \rho
� \sigma
� \tau
� \upsilon
� \phi
� \chi
 \psi
! \omega

z \digamma
" \varepsilon
{ \varkappa
' \varphi
$ \varpi
%\varrho
&\varsigma
# \vartheta

3.5. Other alpha beti c symbols These are also class 0.

@\aleph
i \beth
k \daleth
j \gimel

{ \complement
` \ell
g \eth
~ \hbar

} \hslash
f \mho
@\partial
} \wp

s \circledS
| \Bbbk
` \Finv
a \Game

= \Im
< \Re

3.6. Miscella neous simple symbols These symbols are alsoof class 0 (ordinary) which
means they do not have any buil t- in spacing.

# \#
& \&
\ \angle
8\backprime

F \bigstar
� \blacklozenge
� \blacksquare
N \blacktriangle
H \blacktriangledown
? \bot

| \clubsuit
� \diagdown
� \diagup
} \diamondsuit
; \emptyset
9 \exists
[ \flat
8 \forall
~ \heartsuit
1 \infty

� \lozenge
] \measuredangle
r \nabla
\ \natural
: \neg
@\nexists
0\prime
] \sharp

• \spadesuit
^ \sphericalangle

� \squarep
\surd

> \top
4 \triangle
O \triangledown
? \varnothing

Note 1. A common mistak e in th e use of th e symbols � and # is to try to make them serve as binary
operators or relati on symbols wi thou t using a properly de�n ed math symbol command. If you merely use
the existing commands \s quare or \# th e inter-symbol spacing will be incorrect because those commands
produce a class-0 symbol.

Note 2. Synonyms: : \l not
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3.7. Bina r y oper ator symbols

� *
+ +
� -
q \amalg
� \ast
Z \barwedge


 \bigcirc
5 \bigtriangledown
4 \bigtriangleup
� \boxdot
� \boxminus
� \boxplus
� \boxtimes
� \bullet
\ \cap
e \Cap

� \cdot
� \centerdot
� \circ
~ \circledast
} \circledcirc
• \circleddash
[ \cup
d \Cup
g \curlyvee
f \curlywedge
y \dagger
z \ddagger
� \diamond
� \div
> \divideontimes
u \dotplus

[ \doublebarwedge
m \gtrdot
| \intercal
h \leftthreetimes
l \lessdot
n \ltimes
� \mp
� \odot
	 \ominus
� \oplus
� \oslash

 \otimes
� \pm
i \rightthreetimes
o \rtimes
n \setminus

r \smallsetminus
u \sqcap
t \sqcup
? \star
� \times
/ \triangleleft
. \triangleright
] \uplus
_ \vee
Y \veebar
^ \wedge
o\wr

Synonyms : ^ \l and, _ \lo r , d \do ubl ecup, e \do ubl ecap

3.8. Rela tion symbols: < = > � � and varian ts

< <
= =
> >
� \approx
u \approxeq
� \asymp
v \backsim
w \backsimeq
l \bumpeq
m \Bumpeq
$ \circeq
�= \cong
2 \curlyeqprec
3 \curlyeqsucc
:= \doteq
+ \doteqdot
P \eqcirc
h \eqsim
1 \eqslantgtr

0 \eqslantless
� \equiv
; \fallingdotseq
� \geq
= \geqq
> \geqslant
� \gg

o \ggg
� \gnapprox

 \gneq
	 \gneqq
� \gnsim
' \gtrapprox
R \gtreqless

T \gtreqqless
? \gtrless
& \gtrsim
� \gvertneqq
� \leq

5 \leqq
6 \leqslant
/ \lessapprox
Q \lesseqgtr

S \lesseqqgtr
7 \lessgtr
. \lesssim
� \ll

n \lll
� \lnapprox
� \lneq
� \lneqq
� \lnsim
� \lvertneqq
� \ncong
6= \neq
� \ngeq
� \ngeqq
� \ngeqslant

� \ngtr
� \nleq
� \nleqq

 \nleqslant
� \nless
� \nprec
� \npreceq
� \nsim
� \nsucc
� \nsucceq
� \prec
w \precapprox
4 \preccurlyeq
� \preceq
� \precnapprox
� \precneqq
� \precnsim
- \precsim
: \risingdotseq

� \sim
' \simeq
� \succ
v \succapprox
< \succcurlyeq
� \succeq
� \succnapprox
� \succneqq
� \succnsim
% \succsim
t \thickapprox
s \thicksim
, \triangleq

Synonyms : 6= \n e, � \l e, � \g e, + \Doteq , n \l lles s, o \g ggtr
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3.9. Rela tion symbols: arr ows Seealso Secti on 4.

	 \circlearrowleft
� \circlearrowright
x \curvearrowleft
y \curvearrowright
� \downdownarrows
� \downharpoonleft
� \downharpoonright

 - \hookleftarrow
,! \hookrightarrow
 \leftarrow
( \Leftarrow
� \leftarrowtail
) \leftharpoondown
( \leftharpoonup
� \leftleftarrows
$ \leftrightarrow
, \Leftrightarrow
� \leftrightarrows
� \leftrightharpoons

! \leftrightsquigarrow

W \Lleftarrow
 � \longleftarrow
( = \Longleftarrow
 ! \longleftrightarrow
( ) \Longleftrightarrow
7�! \longmapsto
� ! \longrightarrow
=) \Longrightarrow

" \looparrowleft
# \looparrowright
� \Lsh

7! \mapsto
( \multimap
: \nLeftarrow
< \nLeftrightarrow
; \nRightarrow
% \nearrow
8 \nleftarrow
= \nleftrightarrow
9 \nrightarrow

- \nwarrow
! \rightarrow
) \Rightarrow
� \rightarrowtail
+ \rightharpoondown
* \rightharpoonup
� \rightleftarrows

 \rightleftharpoons
� \rightrightarrows
 \rightsquigarrow
V \Rrightarrow
� \Rsh

& \searrow
. \swarrow
� \twoheadleftarrow
� \twoheadrightarrow

� \upharpoonleft
� \upharpoonright

� \upuparrows

Synonyms :  \g ets , ! \t o, � \re str icti on

3.10. Rela tio n symbols: miscell aneous

• \backepsilon
* \because
G\between
J \blacktriangleleft
I \blacktriangleright
./ \bowtie
a \dashv

_ \frown
2 \in
j \mid

j= \models
3 \ni
- \nmid
=2 \notin
, \nparallel
. \nshortmid
/ \nshortparallel

* \nsubseteq

" \nsubseteqq
+ \nsupseteq
# \nsupseteqq
6 \ntriangleleft
5 \ntrianglelefteq
7 \ntriangleright
4 \ntrianglerighteq
0 \nvdash
1 \nVdash
2 \nvDash
3 \nVDash
k \parallel
? \perp
t \pitchfork
/ \propto
p\shortmid
q \shortparallel

a \smallfrown

` \smallsmile
^ \smile
@\sqsubset
v \sqsubseteq
A \sqsupset
w \sqsupseteq
� \subset
b \Subset
� \subseteq
j \subseteqq
( \subsetneq
$ \subsetneqq
� \supset
c \Supset
� \supseteq
k \supseteqq
) \supsetneq
% \supsetneqq

) \therefore
E \trianglelefteq
D \trianglerighteq
_ \varpropto
 \varsubsetneq
& \varsubsetneqq
! \varsupsetneq
' \varsupsetneqq
M \vartriangle
C \vartriangleleft
B \vartriangleright
` \vdash

 \Vdash
� \vDash
� \Vvdash

Synonyms : 3 \o wns

3.11. Cumul ativ e (vari able-s ize) oper ators
R

\intH
\ointT
\bigcapS
\bigcup

J
\bigodotL
\bigoplusN
\bigotimesF
\bigsqcup

U
\biguplusW
\bigveeV
\bigwedge`
\coprod

Q
\prod

s \smallint
P

\sum
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3.12. Punctu ati on

: .
= /
j |
; ,

; ;
: \colon
: :
! !

? ?
� � � \dotsb
: : : \dotsc
� � � \dotsi

� � � \dotsm

: : : \dotso
. . . \ddots

... \vdots

Note 1. Th e : by itsel f produces a colon with class-3 (relat ion) spacing. The command \co lon produces
special spacing for use in constructi ons such as f\ colo n A\ to B f : A ! B .

Note 2. Alth ough th e commands \c dots and \l dots are frequentl y used, we recommend the more seman-
tic ally oriented commands \d otsb \do tsc \dot si \ dots m\d otso for most purp oses(see 4.6).

3.13. Pai ring del imite r s (extensibl e) SeeSection 6 for more information.
� �

( )

hi
[ ]

n o
\lbrace \rbrace

�
�
�
�
�
� \lvert \rvert













 \lVert \rVert

DE
\langle \rangle

l m
\lceil \rceil

j k
\lfloor \rfloor

8
:

9
; \lgroup \rgroup

8
;

9
: \lmoustache \rmoustache

3.14. No npairi ng extensible symbols
�
�
� \vert






 \Vert

.
/

/
\backslash

?
?
? \arrowvert

w
w
w \Arrowvert

>>>>>> \bracevert

Note 1. Using \v ert , | , \Vert , or \| for paired delim iter s is not recommended (see6.2).

Synonyms : k \|

3.15. Extensible ver ti cal ar r ows
x
?
? \uparrow

~
w
w \Uparrow

?
?
y \downarrow

w
w
• \Downarrow

x
?
y \updownarrow

~
w
• \Updownarrow

3.16. Acce nts

�x \acute{x}
�x \grave{x}
•x \ddot{x}
~x \tilde{x}

�x \bar{x}
�x \breve{x}
�x \check{x}
x̂ \hat{x}

~x \vec{x}
_x \dot{x}
•x \ddot{x}

...
x \dddot{x}

gxxx \widetilde{xxx}
dxxx \widehat{xxx}

3.17. Named opera t ors These operators are represented by a multil ett er abbreviation.

arccos\arccos
arcsin \arcsin
arctan \arctan

arg \arg
cos\cos

cosh \cosh
cot \cot

coth \coth

csc \csc
deg \deg
det \det
dim \dim
exp \exp
gcd \gcd

hom \hom
inf \inf

inj lim \injlim
ker \ker
lg \lg

lim \lim
lim inf \liminf

lim sup \limsup
ln \ln

log \log

max \max
min \min

Pr \Pr
proj lim \projlim

sec \sec
sin \sin

sinh \sinh
sup \sup

tan \tan
tanh \tanh

lim� ! \varinjlim
lim � \varprojlim
lim \varliminf
lim \varlimsup

To de�n eaddit ional namedoperatorsoutsidetheabovelist, usethe \DeclareMathOperator
command; for example, after
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\DeclareMathOperator{\ rank}{rank}
\DeclareMathOperator{\ esssup}{ess\,sup}

one could wri te

\rank(x) rank(x)
\esssup(y,z) esssup(y; z)

The star form \DeclareMathOperator* creates an operator that takes limits in a displayed
formula like sup or max.

3.18. Ma th f ont switc hes Not all of the fonts necessary to support comprehensive
math font switching are commonly available in a typical LATEX setup. Here are the results
of applying various font switches to a wide range of math symbols when the standard set
of Computer Modern fonts is in use. It can be seen that the only symbols that respond
correct ly to all of the font swit chesare the uppercaseLatin let ters. In fact, nearly all math
symbols apart from Lati n let ters remain una� ected by font swit ches; and although the
lowercaseLati n letters, capital Greek let ters, and numerals do respond properly to some
font switches, they producebizarre results for other font switches. (Use of alternative math
font sets such as Lucida New Math may ameliorate the sit uation somewhat.)

default \mathbf \mathsf \mathi t \mathcal \mathbb \mathfrak

X X X X X X X

x x x x x x x

0 0 0 0 0 0 0

[ ] [ ] [ ] [ ] [ ] [ ] [ ]

+ + + + + + +

� � � � � � �

= = = = = = =

� � � � � � �

� � � � � � �

1 1 1 1 1 1 1

@ @ @ @ @ @ @
P P P P P P P

q q q q q q q

< < < < < < <

A common desire is to get a bold version of a parti cular math symbol. For those symbols
where \mathbf is not applicable, the \boldsymbol or \pmb commands can be used.

A1 + � A0 � A 1 + � A 0 � AAA111 +++ ��� AAA000 (3.1)

A_\infty + \pi A_0
\sim \mathbf{A}_{\bolds ymbol{\infty}} \boldsymbol{+}

\boldsymbol{\pi} \mat hbf{A}_{\boldsymbol{0}}
\sim\pmb{A}_{\pmb{\inft y}} \pmb{+}\pmb{\pi} \pmb{A}_{\pmb{0}}

The \boldsymbol command is obtained preferably by using the bmpackage, which provides
a newer, more powerful version than the one provided by the amsmathpackage. Generally
speaking, it is il l-advised to apply \boldsymbol to more than one symbol at a time.

3.18. 1. Call igrap hi c letters (cmsy; no lowercase)

Usage: \mathcal{M} .

A B CD EF GH I J K L M N O P Q R S T U V W X Y Z
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3.18. 2. Bl ackb oard Bol d let ter s (msbm; no lowercase)

Usage: \mathbb{R} .

A B C D E F G H I J K L M N O PQ R ST U V W X Y Z

3.18. 3. Frak t ur letters (eufm)

Usage: \mathfrak{S} .
A B CD E F G H I J K L M N O P Q R S T UV W X Y Z

abcdef gh i j kl mnopqr st uv w xy z

4. Not ations

4.1. Top and botto m embell ishments These are visually similar to accents but gen-
erally span multip le symbols rather than being applied to a single base symbol. For ease
of reference, \widetilde and \widehat are redundantly included here and in the table of
math accents.

gxx x \widetilde{xxx}

dxx x \widehat{xxx}

xx x \overline{xxx}

xx x \underline{xxx}

z}|{
xxx \overbrace{xxx}

xxx|{z} \underbrace{xxx}
 � �xx x \overleftarrow{xxx}

xx x � � \underleftarrow{xxx}

� � !xx x \overrightarrow{xxx}
xx x� � ! \underrightarrow{xxx}
 !xx x \overleftrightarrow{xx x}
xx x ! \underleftrightarrow{x xx}

4.2. Extensible arr ows \xleftarrow and \xrightarrow produce arrows that extend
automatically to accommodate unusually wide subscripts or superscripts. These commands
take one optional argument (t he subscript) and one mandatory argument (the superscript,
possibly empty):

A
n + � � 1

 � � � �� B n � i � 1� � � � !
T

C (4.1)

\xleftarrow{n+\mu-1}\ quad \xrightarrow[T]{n\pm i-1}

4.3. Aff ix ing symbols to other symbol s In addition to the standard accents (Sec-
tion 3.16), other symbolscan beplaced aboveor below a basesymbol with the \overset and
\underset commands. For example, writin g \overset{*}{X} will place a superscript-size

� above the X , thus:
�
X . Seealso the description of \sideset in Section 8.3.

4.4. Ma trices The environments pmatrix , bmatrix , Bmatrix , vmatrix and Vmatrix
have (respectiv ely) ( ), [ ], f g, j j, and k k delimit ers built in. There is alsoa matrix envir on-
ment sans delimiters, and an array envir onment that can be used to obtain left alignment
or other variations in the column specs.

\begin{pmatrix}
\alpha& \beta^{*}\\
\gamma^{*}& \delta
\end{pmatrix}

�
� � �


 � �

�

To produce a small matr ix suitabl e for use in text, there is a smallmatrix envir onment
(e.g.,

�
a b
c d

�
) that comes closer to � ttin g withi n a single text line than a normal matrix .

This example was produced by

\bigl( \begin{smallmat rix}
a&b\\ c&d

\end{smallmatrix} \big r)

To producea row of dots in a matrix spanning a given number of columns, use \hdotsfor .
For example, \hdotsfor{3} in the second column of a four-column matr ix will print a row
of dots acrossthe �n al three columns.

For piece-wise function de� niti ons there is a cases envir onment:
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P_{r-j}=\begin{cases}
0& \text{if $r-j$ is odd},\\
r!\,(-1)^{(r-j)/2}& \te xt{if $r-j$ is even}.

\end{cases}

Notice the use of \text and the embedded math.

Note. Th e plain TEX form \matri x{.. .\cr ...\ cr} and th e related commands \p matr ix , \c ases should be
avoided in LATEX (and when the amsmath package is loaded th ey are disabled).

4.5. Ma th spacin g commands When the amsmathpackage is used, all of these math
spacingcommands can be used both in and out of math mode.

Abbrev. Spelled out Example Abbrev. Spelled out Example
no space 34 no space 34

\, \thin space 34 \! \negth inspace 34
\: \medspace 3 4 \negmedspace 34
\; \thic kspace 3 4 \negthickspace 34

\quad 3 4
\qquad 3 4

For � ner contro l over math spacing, use \mspace and `math units'. One math unit , or mu,
is equal to 1/18 em. Thus to get a negative half \quad writ e \mspace{-9.0mu} .

4.6. Dots For preferred placement of ellipsis dots (raised or on-line) in various contexts
there is no general consensus. It may therefore be considered a matter of taste. By using
the semantically oriented commands

� \dotsc for \dots wit h commas"

� \dotsb for \dots wit h binary operators/relation s"

� \dotsm for \m ultip lication dots"

� \dotsi for \dots wit h integrals"

� \dotso for \other dots" (none of the above)

instead of \ldots and \cdots , you make it possible for your document to be adapted to
di� erent conventions on the 
y , in case (for example) you have to submit it to a publisher
who insists on following house tradition in this respect. The default treatment for the
various kinds follows American Mathematical Society conventions:

Wehave the series $A_1,A_2,\dots c$,
the regional sum $A_1+A_2+\dotsb$,
the orthogonal product $A_1A_2\dotsm$,
and the infinite integral
\[\int_{A_1}\int_{A_2}\dotsi\].

We have the series A1; A2; : : : , the re-
gional sum A1 + A2 + � � � , the orthogonal
product A1A2 � � � , and the in�ni te inte-
gral Z

A 1

Z

A 2

� � � :

4.7. Nonbreaking dashes The command \nobreakdash suppressesthe possibilit y of a
linebreak after the following hyphen or dash. For example, if you write `pages1{9' as
pages 1\nobreakdash--9 then a linebreak will never occur between the dash and the 9.
You can also use \nobreakdash to prevent undesirable hyphenations in combinati ons like
$p$-adic . For frequent use, it's advisable to make abbreviations, e.g.,

\newcommand{\p}{$p$\no breakdash}% for "\p-adic"
\newcommand{\Ndash}{\nobreakdash\textendash}% for "pages 1\Ndash 9"
% For "\n dimension al" ("n-dimensional"):
\newcommand{\n}[1]{$n$ \nobreakdash-\hspace{0pt}}

The last example shows how to prohibit a linebreak after the hyphen but allow normal
hyphenation in the following word. (It su� cesto add a zero-width space after the hyphen.)
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4.8. Roots The command \sqrt produces a square root. To specify an alternate radix
give an optional argument.

\sqrt{\frac{n}{n-1} S}
r

n
n � 1

S; \sqrt[3]{2} 3
p

2

4.9. Bo xed f ormul as The command \boxed puts a box around its argument, like \fbox
except that the contents are in math mode:

� � C(� (� ) + � M (0; � )) (4.2)

\boxed{\eta \leq C(\d elta(\eta) +\Lambda_M(0,\delta))}

If you need to box an equation including the equation number, see the FAQ that comes
with the amsmathpackage.

5. Fractions and relat ed const r ucti ons

5.1. Th e \frac , \dfrac , and \tfrac commands The \frac command takes two ar-
guments|n umerator and denominator|an d typesets them in normal fraction form. Use
\dfrac or \tfrac to overrule LATEX's guessabout the proper size to use for the fracti on's
contents (t = text-style, d = display-style).

1
k

log2 c(f ) 1
k log2 c(f ) (5.1)

\begin{equation}
\frac{1}{k}\log_2 c(f) \;\tfrac{1}{k}\log_2 c(f)\;
\end{equation}

<z =
n�

� +  
2�

� +  
2

� 2

+
�

1
2

log

�
�
�
�
B
A

�
�
�
�

� 2 : (5.2)

\begin{equation}
\Re{z} =\frac{n\pi \dfr ac{\theta +\psi}{2}}{

\left(\dfrac{\theta +\psi}{2}\right)^2 + \left( \dfrac{1}{2}
\log \left\lvert\dfra c{B}{A}\right\rvert\right)^2}.

\end{equation}

5.2. Th e \binom , \dbinom, and \tbinom commands For binomial expressionssuch as� n
k

�
there are \binom , \dbinom and \tbinom commands:

2k �
�

k
1

�
2k � 1 +

�
k
2

�
2k � 2 (5.3)

2^k-\binom{k}{1}2^{k-1 }+\binom{k}{2}2^{k-2}

5.3. Th e \genfrac command The capabiliti es of \frac , \binom , and their variants are
subsumed by a generalized fraction command \genfrac with six arguments. The last two
correspond to \frac 's numerator and denominator; the � rst two are optional delimiters
(as seen in \binom ); the th ird is a line thickness override (\binom uses th is to set the
fract ion line thickness to 0|i.e., invisible); and the fourth argument is a mathstyle override:
integer values 0{3 select respectiv ely \displaystyle , \textstyle , \scriptstyle , and
\scriptscriptstyle . If the th ird argument is left empty, the line thi ckness defaults to
`normal'.

\genfrac{ left-delim}{ ri ght-delim}{ thickness}
{ mathstyle}{ numerator}{ denominator}
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To ill ustrate, here is how \frac , \tfrac , and \binom might be de�n ed.

\newcommand{\frac}[2]{ \genfrac{}{}{}{}{#1}{#2}}
\newcommand{\tfrac}[2] {\genfrac{}{}{}{1}{#1}{#2}}
\newcommand{\binom}[2] {\genfrac{(}{)}{0pt}{}{#1}{#2}}

Note. For technical reasons, using th e pr imiti ve fraction commands \ov er , \a top , \a bove in a LATEX doc-
ument is not recommended (see, e.g., amsmath.fa q).

5.4. Contin ued f r actions The cont inued fraction

1
p

2 +
1

p
2 +

1
p

2 + � � �

(5.4)

can be obtained by typing

\cfrac{1}{\sqrt{2}+
\cfrac{1}{\sqrt{2}+
\cfrac{1}{\sqrt{2}+\d otsb

}}}

This produces bett er-looking results than straightforward use of \frac . Left or right
placement of any of the numerators is accomplished by using \cfrac[l] or \cfrac[r]
instead of \cfrac .

6. Del im iters

6.1. Deli miter sizes Unless you indicate otherwise, delimit ers in math formulas will
remain at the standard sizeregardlessof the height of the enclosed material. To get larger
sizes,you can eith er select a particular size using a \big... pre� x (seebelow), or you can
use\left and \right pre� xes for autosizing.

The automatic delimiter sizing done by \left and \right has two limit ations: First ,
it is applied mechanically to produce delimiters large enough to encompass the largest
contained item, and second, the range of sizeshas fairly large quantum jumps. This means
that an expression that is in� nitesimally too large for a given delimit er size will get the
next larger size, a jump of 6pt or so (3pt top and bottom) in normal-sized text. There are
two or three sit uations where the delimit er size is commonly adjusted. Theseadjustments
are done using the following commands:

Delimiter text \left \bigl \Bigl \biggl \Big gl
size size \right \bigr \Bigr \biggr \Big gr

Result (b)(
c
d

) (b)
� c

d

� �
b
�� c

d

� �
b
�� c

d

� �
b
��

c
d

�  

b

! 
c
d

!

The �rst kind of adjustment is donefor cumulativ eoperatorswith limits, such assummation
signs. With \left and \right the delimit ers usually turn out larger than necessary, and
using the Big or bigg sizes instead gives better results:

2

4
X

i

ai

�
�
�
�
�
�

X

j

x ij

�
�
�
�
�
�

p3

5

1=p

versus
� X

i

ai

�
�
�
X

j

x ij

�
�
�
p
� 1=p

\biggl[\sum_i a_i\Bigl \lvert\sum_j x_{ij}\Bigr\rvert^p\biggr]^{1/p }
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The secondkind of situation is clustered pairs of delimit ers where \left and \right make
them all the samesize (becausethat is adequate to cover the encompassed material) but
what you really want is to make someof the delimit ers slight ly larger to make the nesti ng
easier to see.

((a1b1) � (a2b2)) ((a2b1) + (a1b2)) versus
�
(a1b1) � (a2b2)

��
(a2b1) + (a1b2)

�

\left((a_1 b_1) - (a_2 b_2)\right)
\left((a_2 b_1) + (a_1 b_2)\right)
\quad\text{versus}\quad
\bigl((a_1 b_1) - (a_2 b_2)\bigr)
\bigl((a_2 b_1) + (a_1 b_2)\bigr)

The th ird kind of situation is a slightly oversize object in running text, such as
�
�
� b0

d0

�
�
� where

the delimiters produced by \left and \right causetoo much line spreading. In that case
\bigl and \bigr can be used to produce delimiters that are larger than the basesize but
still able to �t with in the normal line spacing:

�
� b0

d0

�
� .

6.2. Ver ti cal bar not atio ns The useof the | character to produce paired delimiters is
not recommended. There is an ambiguity about the directi onality of the symbol that will in
rare cases produce incorrect spacing| e.g., |k|=|-k| jkj = j � kj. Using \lvert for a \l eft
vert bar" and \rvert for a \righ t vert bar" whenever they are used in pairs will prevent this
problem. For double bars there are analogous\lVert , \rVert commands. Recommended
pract ice is to de�n e suitable commands in the document preamble for any paired-delimiter
useof vert bar symbols:

\providecommand{\abs}[ 1]{\lvert#1\rvert}
\providecommand{\norm} [1]{\lVert#1\rVert}

whereupon \abs{z} would produce jzj and \norm{v} would produce kvk.

7. The \text comm and The main use of the command \text is for words or phrases
in a display. It is similar to \mbox in its e�ects but, unlike \mbox, automatically produces
subscript-size text if used in a subscript.

f [x i � 1 ;x i ] is monotonic, i = 1; : : : ; c + 1 (7.1)

f_{[x_{i-1},x_i]} \tex t{ is monotonic,}
\quad i = 1,\dots,c+1

7.1. \mod and its rel ativ es Commands \mod, \bmod, \pmod, \pod deal with the special
spacingconventions of \mo d" notat ion. \mod and \pod are variants of \pmod preferred by
some authors; \mod omits the parentheses, whereas \pod omits the \m od" and retains the
parentheses.

gcd(n; m mod n); x � y (mod b); x � y mod c; x � y (d) (7.2)

\gcd(n,m\bmod n);\quad x\equiv y\pmod b
;\quad x\equiv y\mod c;\quad x\equiv y\pod d

8. In t egrals and sums

8.1. Mul tiple integra l signs \iint , \iiint , and \iiiint give multip le integral signs
with the spacing between them nicely adjusted, in both text and display style. \idotsint
is an extension of the same idea that gives two integral signswith dots between them.

ZZ

A

f (x; y) dx dy
ZZZ

A

f (x; y; z) dx dy dz (8.1)

ZZZZ

A

f (w; x; y; z) dw dx dy dz
Z

� � �
Z

A

f (x1; : : : ; xk ) (8.2)
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8.2. Mul til ine subscr ipts and super scr ipts The \substack command can be used
to produce a mult ilin e subscript or superscript: for example

\sum_{\substack{
0\le i\le m\\
0<j<n}}

P(i,j)

X

0� i � m
0<j <n

P(i; j )

8.3. Th e \sideset command There's also a command called \sideset , for a rather
special purpose: puttin g symbols at the subscript and superscript corners of a symbol
like

P
or

Q
. Note: The \sideset command is only designed for use with large operator

symbols; with ordinary symbols the results are unreliable. Wit h \sideset , you can write

\sideset{}{'}
\sum_{n<k,\;\text{$n$ odd}} nE_n

X 0

n<k ; n odd

nEn

The extr a pair of empty bracesis explained by the fact that \sideset has the capabilit y of
puttin g an extra symbol or symbols at each corner of a large operator; to put an asterisk
at each corner of a product symbol, you would type

\sideset{_*^*}{_*^*}\pr od
�

�

Y �

�

9. Other packages of interes t Many other LATEX packagesthat address some aspect
of mathematical formulas are available from CTAN (th e Comprehensive TEX Archive Net-
work). To recommend a few examples:

accents Under accents and accents using arbitr ary symbols.

amsthm General theorem and proof setup.

bm Bold math package, provides a more general and more robust implementat ion of
\boldsymbol .

cases Apply a largebrace to two or more equations with out losing the individual equation
numbers.

delarra y Delimiters spanning multip le rows of an array.

kuvio Commutative diagrams and other diagrams.

xypic Commutative diagrams and other diagrams.

rsfs Ralph Smith's Formal Script, font setup.
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