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The mathabx series are a large mathematical symbols set designed and defined in
MetaFont language. Many common and uncommon symbols can be found in these
series. These programs are intended to produce bitmap fonts and a lot of care is
given about rasterization. Encoding, metrics, designs are not supposed to be frozen
since improvements, changes of mind can always happen. Thus, this distribution is
still (May 18, 2005) at a “merely for evaluation” level. Please check my home page
to get the last updates:

http://www-math.univ-poitiers.fr/“phan/metafont.html

By now, there are three main series of fonts: matha, mathb and mathz. The matha
series consist in quite usual mathematical symbols, more precisely they contain
the, say, 64 mathematical symbols one can use and suppose other ones know their
meaning. The mathb series is a kind of twin of matha, but it is the one people should
not show outside of the house: these symbols do not have a very well known meaning
and, thus, should not be used. The mathx series is the set of extensible delimiters
and large operators fitting matha and mathb; its encoding doesn’t match at all the
cmex one, but it may change in the future.

Since a metafont designer doesn’t always know when to stop creating or coding
stuff, many pieces of code remained once the three former series where filled. The
remaining stuff has been put in mathu (u stands for unsupported) and in mathuz
(ux stands for unsupported extensible). There is also “work in progress”-material:
some full OT1 implementation of calligraphic characters. If this last task find an
end, there would be a mathc series—where ¢ would stand for calligraphic.

The translation of this document into english is not yet finished. We do apologize
for this.

Progress
April 29, 2002. First posting on CTAN.

June 19, 2002. A few changes have been done:

e Some large symbols are now thicker (\bigcup, etc.);

e “Flat cups” have been introduced (\bigcup, etc.), that means that the roundish
parts of those symbols are now “flatter”.

November 16, 2002.

e Some work has been done on the calligraphic set. The uppercase subset should
be exactly the Computer Modern’s one. So kerning has to be done in order to
get a nice stuff.

e The series mathuz are in progress. It will contain more extensible symbols (un-
necessary I think, so still unsupported).
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Binary operators \sprod and \scoprod have been added to matha at locations
"3C and "3D. I love those symbols and I believe that they must lie on the main
symbols series.

July 29, 2003.

Some KTEX bugs have been fixed in mathabx.dcl with the help of some very
kind users (Patrick Cousot, Hung N. Duong, Kohsaku Hotta).

The file mathgrey.mf is no longer used. This means that mathu10 has no more
grey characters. It seems that those characters are not compatible with some
postscript or such translation (with TeXtrace for instance).

The KTEX style file mathabx.sty allows options which are matha, mathb and
mathz. These options define which series will be used. If no option is given, the
three series will be used. (The plainTEX file mathabx . tex does not allow anything
of this kind.)

October 23, 2003.

The \bar and \widebar accents have changed of height (which is now smaller).
Arrows have a wider breadth and a lighter head.

A little work on calligraphic digits has been done.

Double brackets formerly named \1bbbrack and \rbbbrack are now named \1d-
brack and \rdbrack, and they still have their curious aliases \1semantic and
\rsemantic.

May 18, 2005.

I didn’t pay attention until recently to the fact that square roots may appear
also in \scriptstyle and \scriptscriptstyle modes. This makes necessary
to make the corresponding symbols go across some usual symbols set and the
extensible characters set. This is repaired: a basic radical symbol now lies in
matha at location "37. In fact, the former basic radical symbol in mathz still
exists at place "60 and there was no problem if mathz is used in 3 different sizes.

e The \bar and \widebar accents have been restored to their former heights.
e Large greek like symbols (sums, products, coproducts) have been revised. Text-

style product and coproduct widths have been increased by u#. Also, in matha,
small sum, product, coproduct have changed of encoding since the small sum has
been introduced.

mathc has finally been introduced. It is still an uncomplete calligraphic set. Also
existing glyphs may be revised.

e Integrals have been revised. Comments are welcome.
e Astronomical/logical symbols are in progress.
e PlainTEX/KTEX files have been revised.

List of every mathabx’ symbols

Thereafter will be loaded plainTEX definitions files related to these fonts families.

Assigning any value to the control sequence \proofmode like \1let\proofmode=!, for
instance, the definition of every symbol will be made together with the printing of the
related informations. The control sequence \proofmode will be reset to \undefined
at the end of the loading. This can be helpful for instantaneous documentation.

About the names of the different control sequences, we mostly tried to conform

to the usual names. If in the following there is some apparent mismatch with AMS
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denomination, it is normally supported. Below is printed first the symbol, then if it
already exists the Computer Modern or AMS one, the name of the control sequence,
in exponent the spacing value of the symbol (“other” means that it is an accent or
such, it does not really matter), at last—if any—its aliases.

Specials (matha/mathb)

| \notsign™! / \varnotsign®®!
\Cdotppunct

Usual binary operators (matha)

+ + +bin _ _  _bin

X X \timesP® =+ \divPin
\cdothin o \circhi®

" * #bin % \astbin

* \asterisk® *® \coasteriskP®

i + \pmbin $ = \mpbin

X X \ltimesP® X X \rtimesP®

o o \diamond"™ e o \bulletP®

* % \star’® * \varstarP®

p) \ssum"™ I \sprod"

1 II \amalgh™, \scoprod

Unusual binary operators (mathb)

+ 4+ \dotplusPi® x> \dotdivP®

X \dottimesP® - \divdotPin
\udotbin o O \squareP™

%k \AsteriskP %k \bigast®P

* \coAsteriskP® * \bigcoast®?

+ \circplusP® 4 \pluscircPi®

* \convolutionb" % % \divideontimesP®

. \blackdiamond®™" . \sgbulletP™ \centerdot

*x % \bigstar"® X \bigvarstarb®

Usual relations (matha)

— —  Zrel = = \equivrel

~ ~ \sim™ ~ =~ \approx'

~ o~ \simeq™ ~ = \cong™

= = \asymp™ | \divides™

# # \neq™, \ne % \notequiv™!, \nequiv

% o~ \nsim™ % \napprox*®!

* \nsimeq™ # 2% \ncong™

# \notasymp™®! b \notdivides™, \ndivides

Unusual relations (mathb)

= \topdoteq™! = \botdoteq™!

= \dotseq™, \doteqdot, \Doteq = = \risingdotseq™

= = \fallingdotseq™ = \coloneq™

= \eqcolon™ =~ \bumpedeq"
\egbumped™®! < \Bumpedeq"
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= = \circeq™ = = \eqcirc™

£ 2 \triangleq"™ = \corresponds™!

Miscellaneous (matha)

— = \neg®9¢, \lnot « <\l

> > \ggrel 4 \hashord

 F \vdash™ — 4 \dashv™

£ ¥ \nvdash™! A \ndashv*®!

= E  \vDash™ = \Dashv"!

¥ ¥ \nvDash'™ A \nDashv"!

I Ik \Vdash®! Hl \dashv!

- W \nVdash™ Al \ndashV*e!

o \degree°™d /7 \prime°

" \second®™ n \thirderd

" \fourth®d b b \flatord

1 7 \natural®d $ # \sharp°™

0 oo \infty°'d o o< \propto°d

T t \dagger° I 1 \ddagger°™

Miscellaneous (mathb)

U 0 \between™ — — \smile™

~ ~ \frown™! # \varhash®'d

> X \leftthreetimes®™ A A \rightthreetimes®™

& h \pitchforkerd < >4 \bowtie™, \Join

= \VDash™ | \Dashv!

£ ¥ \nVDash™! Al \nDashv*e!

IF - \Vvdash™ Il \dashVv'e!

'3 \nVvash*®! A \ndashVv"®!

. . \therefore™ © . \because™

o \ringother . \dotother
\ddotother \dddotother
\ddddotether Z Z \angle°™d

%X &£ \measuredangle® X < \sphericalangle®™

1t \ripord

Delimiters as symbols (matha)

( ( (open ) ) )close

[ [ [open ] ] ] close

\\ \setminus°™ / /) /o

| | | ord | | \midrel

Delimiters as symbols (mathb)

. \lcorners°pren . \rcornersclose

" T \ulcorner®Pe" " 7 \urcorner¢lose

open close

L \llcorner o \lrcorner

Astronomical symbols (mathb)

© \Sun°d
Q \Venus®'d, \girl

\Mercury°"d
\Earth®d

ép <
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\Mars®4, \boy
\Saturn°®
\Neptune®"
\varEarth©™d
\rightmoon®"
\newmoon®d
\Taurus°®"
\Leoord
\Scorpio®"

d

d

d

Letter like symbols (matha)

SCEDMARM > K- QL U<

v

M - S L W

>LC & D

\forall°w
\partial®
\existsord
\Finv°rd
\emptyse
\topord
\perprel
\notbot°d
\curlywedgeP"
\inrel
\notin"®
\varnotin'®
\barin™
\Capbin
\uplusbin
\sqcup®®
\wedgemn,\land

tord

1
1

Letter like symbols (mathb)

=] = |

S >l >

\barwedgeP®
\doublebarwedge’"

\doublecap’™, \Cap

\sqdoublecap®™, \sqCap

DHS30A &K

EJCW480<NNEQUBENO

<

E € KK

Subset’s and superset’s signs (matha)

A M HO#AIN O N 1IN A N

N

A HORNOTRIN T N RN

\subset™
\nsubset"!
\subseteq™!
\nsubseteq™®
\subsetneq™®!
\varsubsetneq'®!
\subseteqq™!
\nsubseteqq™®!
\subsetneqq™®!
\varsubsetneqq™
\Subset™!
\nSubset"!

Y UHJHUHGIU K WU 51U B U

O =

<

1<

U

W TRUNUTRLITU U AU Tl TU

\Jupiter°d
\Uranus®"d
\Pluto°d
\leftmoon®, \Moon
\fullmoon®d
\Aries°®rd
\Gemini®”
\Libra®d

d

\complement°"d

\partialslash°
\nexists®
\Gameord
\diameter®"
\botord
\nottop
\notperp™
\curlyveePn
\owns™!, \ni

d

ord

\notowner™, \notni, \notowns

\varnotowner"®!

\ownsbar™', \nibar
\Cupbin

\ ch:apbin
\squplusP™®
\veeP™ \lor

\veebarhi®
\veedoublebarhi®
\doublecup’™, \Cup

\sqdoublecup®™, \sqCup

\supset"®
\nsupset"™
\supseteq™
\nsupseteq™
\supsetneq™!
\varsupsetneq"®!
\supseteqq™!
\nsupseteqq™!
\supsetneqq™®!
\varsupsetneqq®
\Supset"®
\nSupset™
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Square subset’s and superset’s signs (mathb)

— C \sqgsubset™ = 1 \sqgsupset™

o \nsqgsubset™! | \nsqgsupset™!

C L \sgsubseteq™ 2 I \sgsupseteq™

ot \nsqgsubseteq™® | \nsgsupseteq™®

- \sqgsubsetneq"® 3 \sqsupsetneq®

C \varsqsubsetneq™ = \varsqsupsetneq™

= \sqgsubseteqq® = \sqsupseteqq®

& \nsgsubseteqq™® ¥ \nsgsupseteqq™®

& \sgsubsetneqq"®! = \sgsupsetneqq"®!

L \varsqsubsetneqq™! - \varsqsupsetneqq™!

= \sqSubset™! 3 \sqSupset™!

it \nsqSubset™! il \nsqSupset™!

Triangles as relations (matha)

< < \triangleleftb < < \vartriangleleft™!

> > \trianglerightP® > > \vartriangleright™!

4+ 4 \ntriangleleft™! - ¥ \ntriangleright®®!

< < \trianglelefteq™ > > \trianglerighteq™
ntrianglelefte ntrianglerighte
\ : gl l f qrel \ : gl gh qrel

Triangles as binary operators (mathb)

N \smalltriangleup”® v \smalltriangledown’"

< \smalltriangleleftbi" > \smalltriangleright’"

A \blacktriangleup’™™ v Vv \blacktriangledown®™

<« <« \blacktriangleleftP™® » » \blacktrianglerightP™®

Inequalities (matha)

< < <rel > > >rel

4 #£ \nless™ + ¥ \ngtr'

< < \leg™, \le, \legslant > > \geq'™, \ge, \gegslant
nle nlegslant nge ngegslant

£ £ \nleq, \nlegsl + 7 \ngeq™, \ngegsl

< \varleq™ > \vargeq"

£ \nvarleq™ > \nvargeq"

< < \lneg > > \gneq™

< £ \leqq™ 2 = \geqq™

£ £ \nleqq™ % % \ngeqq™

é ; \1neqqre1 ;>t i \gneqqrel

£ £ \lvertneqq™ > = \gvertneqq™

Z Z \egslantless™ > 0> \eqslantgtrre1

¥ \negslantless™ = \negslantgtr™®

S < \lessgtr™ Z = \gtrless™

§ § \lesseqgtr™! % z \gtreqless™

§ § \lesseqqgtr™! % E \gtreqqless™!

< < \lesssim™ > > \gtrsim™

¥ \nlesssim®™! g \ngtrsim™

s 2 \1nsim®™ z 2 \gnsim"!

< < \lessapprox'™ 2 2 \gtrapprox™
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£ \nlessapprox*® z \ngtrapprox™®!

2 2 \1lnapprox™! % % \gnapprox™

< < \lessdot™ > > \gtrdot™

< < \1117¢ > > \ggg'

< \precdot™! > \succdot"®

Inequalities (mathb)

< =< \prec' > = \succ™

+ #4 \nprec™ + % \nsucc™

< =< \preccurlyeq™ > = \succcurlyeq™

X \npreccuflyeql”el > \nsucccull“lyeqr‘31

< =< \preceq® > = \succeq™

£ £ \npreceqrei > \nsucceqrei

< \precneq'® > \succneq"®

< =< \curlyegprec™ > & \curlyegsucc™

£ \ncurlyegprec'®! ¥ \ncurlyeqgsucc'®!

< =< \precsim™ > > \succsim™

s \nprecsim™! by \nsuccsim™!

S \precnsim™! %z = \succnsim™

< 3 \precapprox*® X % \succapprox*!

S \nprecapprox*®! z \nsuccapprox*®

3 7 \precnapprox™ % % \succnapprox™

< \1lcurly™ > \ggcurly

Arrows and harppons (matha)

«— <« \leftarrow', \gets — — \rightarrow™, \to

NN \nwarrowrei Yoy \nearrowre:

S/ \swarrow™ N\, \searrow™

< < \leftrightarrow' + < \nleftarrow

- -~ \nrightarrow™ < < \nleftrightarrow'®

— — \relbar™ + 1+ \mapstochar™!
\mapsfromchar®®! « + \leftharpoonup™!

—  — \rightharpoonup' — + \leftharpoondown'®

— — \rightharpoondown™ 1 1 \upharpoonleft’™

| | \downharpoonleft® ' | \upharpoonright®®

| \restriction®™ | | \downharpoonright'

= = \leftrightharpoons®! = = \rightleftharpoons™

1 \updownharpcl)ons]FEI I \downupharpoclmsl”61

< <« \Leftarrow' = = \Rightarrow™

< & \Leftrightarrow™ < < \nLeftarrow™

=+ =« \nRightarrow™! < < \nLeftrightarrow™

= = \Relbar™ t \Mapstochar™®!
\Mapsfromchar®®

Arrows and harpoons (mathb)

& & \leftleftarrows'™ =3 = \rightrightarrows]r61

M 11 \upuparrows™ Il 1l \downdownarrows™!

s S \leftrightarrowsre1 o = \righ‘cleftarrowsml

I \updownarrows'®! 1 \downuparrows'®!
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\leftleftharpoons™! = \rightrightharpoons™®
\upupharpoons™® [ \downdownharpoons™
\leftbarharpoon' = \rightbarharpoon'
\barleftharpoon’™ = \barrightharpoon®
\leftrightharpoon' — \rightleftharpoon'

> \rhook™! < < \lhook™

/ \diagup™ .\ \diagdown"™

9 \Lsh™! \ulsh P \Rsh' \ursh
\d1lsh™ L \drsh™

\looparrowleft™! \looparrowupleft
\looparrowright™!, \looparrowupright
\looparrowdownleft" & \looparrowdownrigh

P4

trel

SOFCTITIN)FETHAEIN A=

~ \curvearrowleft™ \curvearrowtopleft

~ \curvearrowright™!, \curvearrowtopright
\curvearrowleftrightrel, \curvearrowtopleftright
\curvearrowbotleft' o \curvearrowbotright®!
\curvearrowbotleftright™ (J ¢ \circlearrowleft'

O \circlearrowright™! o \leftsquigarrow™

~» \rightsquigarrow™ s \leftrightsquigarrow™!
\lefttorightarrow' D \righttoleftarrow™
\uptodownarrow*® O \downtouparrow'®!

Circles (matha)

@ D \oplusbin e O \ominusbin, \circleddash
® ® \otimesPi® ® \odivPin

® © \odothn 4 © \ocirchin, \circledcirc
® \oasteriskP™ \circledast ® \ocoasteriskPi®

D \oleftPi ® \orightPn

@ \otopbm' oS \obotb‘n,.\operp

@) \ovoidP® @ © \oslashb™

S \obackslashP® ® \otriangleup]Dln

Boxes (mathb)

A \boxplush® H B \boxminus"®, \boxeddash
X \boxtimeshPi® = \boxdivPin

1 [ \boxdothi® [o] \boxcircbm, \boxedcirc
\boxasteriskbm, \boxedast \boxcoasteriskPi®

H \boxleftPin H \boxrightPn

| \boxtop"® M \boxbotP™, \boxperp

] \boxvoighi® ] \Box°rd

| \boxslashh® N \boxbackslashh®

(2] \boxtriangleup’™"

Mayan numerals @ - ::i|l.

Large operators (mathx)

> > \sumP [T I \prod°r

[T II \coprod°P § [ \intop°P



=
;
|

SS \iintop®P, \iint

§ f \Ointop()p’ \Olnt SSS \iiintop0p7 \1llnt

+ \bigpluSOP ﬁ \Oiintop()p’ \oiint

C \bigcomplementopop X \bigtimesop

U U \bigcupop ﬂ ﬂ \bigcapop

[ \bigsqcap®P 1 © \biguplus®?

|i| \bigsquplusop |—| |_| \bigsqcupop

\/ \/ \bigveeOp /\ /\ \bigwedgeop

v \bigcurlyveeop A \bigCUIIYWedgeop

Big circles (mathx)

C—D @ \bigoplusop

® ® \bigotimes®P @ \bigominus®P

(&) © \bigodot®P S \bigodiv®P

& \bigoasterisk®P © \bigocirc®?

D \bigoleft°P ® \bigocoasterisk®P

Q% \bigotop®P ® \bigoright°P

g \b::LgovoidOp % \b?gObOtOp, \bigoperp

\bigobackslash®P @ \bigoslash®P

Big boxes (mathx) \bigotriangleup™

\bigboxplus®P

\bigboXtimesop E \bigboxminusop

[-] \bigboxdot®P ] \bigboxdiv°P

\bigboxasterisk®’ B \bigboxcirc®

H] \bigboxleftoP \bigboxcoasterisk®P

E \bigboXtopop I:H \bigbOXrightop

] \bigboxvoid®P = \bigboxbot®P, \bigboxper

N \bigboxbackslashP % tbigboxslaShOp P
.. bigboxtri

?Ehmlters (matha/mathx) angleup™
( (other

[ [ [other ) ) )Othelr

{ { \lbraCeopen, \{ ] ] ] other

[[ \ldbrackOPen7 \lsemantic } } \I‘braCeCIOSe, \}

¢ { \langle°Pe® J \rdbrack®*, \rsemanti

\ \ \backslash°™ > ) \rangleclo e

|| \vertod / ] /ether

||l \Verterd | et

T T \uparrowrel |H \VVVeI‘tord’ \ |

i I \udeWnarrowrel ‘L ~L \d-OWJ.'la.II'owrEI

I U \Downarrow"®! g E \UparrOWrel
. . \Updownarr rel

Delimiters (mathb/mathx) ow

[ ( \lgrouPOPen

[ [ \1Cei10pen ) ) \rgrOupClose

| | \lfloor°Pe 11 \rceildee

| J J \rfloorclose

\thickvert®
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Delimiters (mathx/mathx)

. \1filetoPen , \rfiletclose
Pieces for over-under-braces and such (mathx)

d d
_ - \braceld®" . \bracemd®*
<~ \bracerd®d _ \bracexd®d
.~ \bracelu°™ \bracemu®"?

~

L, - \braceru® _ \bracexu®"?
Extensible accents (mathx)
” \widehatother v \widecheck ther
~ \widetilde“ther - \widebarother
” \widearrow°ther ~ \wideparen©ther
\/ \Sqrtother

2. Special constructions

The special constructions described here are defined in the file mathabx.dcl.
Usual plainTEX/ITEX constructions should be supported if not replaced by some
mathabx symbol.

e The control sequences \not, \varnot, \changenotsign are described in some
next section.
e The control sequences \overbrace, etc., have been defined as suggested by

Matthias Clasen and Ulrik Vieth in newmath.

—~N

abcde \overbrace abcde \underbrace
——

—

abcde  \overgroup abcde  \undergroup

e The control sequences \overrightarrow, etc., have been defined anew (see math-
abx.dcl). They will certainly be improved since they work only in textstyle and
displaystyle modes (as for standard plain TEX /IATEX).

——abcede

——abcede

abcde
abcde \overrightarrow abcde \overleftarrow
abcde \overleftrightarrow abcde  \underrightarrow
gbcde \underleftarrow gbcde \underleftrightarrow
— >
> —
abcde \overRightarrow cde \overLeftarrow
—
abcde \overLeftRightarrow abcde \underRightarrow
abcde \underLeftarrow abcde \underLeftRightarrow
R R

e The build-in accent \wideparen allows to build other accent-like control se-
quences.
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o

abcde \widering abcde \widedot
abcde \wideddot abcde \widedddot

abcde \wideddddot

e At last, some symbols like \int, \bigcomplement, \surd, must be defined by
some \def because of limits or such.

But it seems clear when viewing what is done elsewhere that the already too large

mathabx set should (really?) be extended. This may be done by combining already

existing symbols. If not, I would once again take my pen, some paper and my

keyboard if necessary.

3. Global installation

In the mathabz.me distribution, MetaFont source files (xxx.mf) are all located in
the source/ directory. They may be moved to a (new) subdirectory named mathabx
of $TEXMF/fonts/source/public/, thus in

$TEXMF/fonts/source/public/mathabx/

where $TEXMF stands for the root directory of the TEXMF distribution of the com-
puter. PlainTpX /IATEXinput files are all located in the texinputs directory of this
distribution. The three files mathabx.tex, mathabx.sty and mathabx.dcl may be
moved to the directory

$TEXMF/tex/generic/misc/

(other location may be also fine). Other TEX files are there for documentation. They
can be removed.

At last, the TEXMF system needs to know that new files have been added. This
can be done by executing from a console texhash or such, some command that
refreshes the TEXMF database. We don’t provide more informations on this last
subject since it may depend on every particular TEXMF distribution and computer
system.

If a previous mathabz distribution has been already installed, please remove every
bitmap fonts (xxx.yyypk) and metrics (xxx.tfm) related to mathabz (only!) since
all of them may change from a ditribution to another.

We won’t write anything about local installation (on Unices systems for instance),
nor about Type 1 conversions and installation of the mathabz fonts. One can find
informations about these two last topics on the World Wide Web (but maybe in
japanese).

4. Use with plainTEX

The basic input file is mathabx.tex. It requires mathabx.dcl which is common
to plainTEX and ETEX. So one should type

\input mathabx.tex

at the beginning of his (her) plainTEX document. This sets up all the symbols previ-
ously described and defines 3 new families of mathematical symbols whose numbers
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are \mathafam, \mathbfam and \mathxfam. Pointsizes are 10 pt, i.e., textstyle is
10 pt, scriptstyle is 7 pt and scriptscriptstyle is 5 pt for \mathafam and \mathbfam
families. For \mathxfam the three styles correspond to a pointsize equal to 10 pt as
for cmex in plainTEX. Changing pointsizes is easy since any plainTEXuser know how
to do so (one can also look into mathabx . tex to make sure). Remember that setting
the control sequence \proofmode to a known value before inputing mathabx.tex
would lead to the verbose mode as illustrated in Section 1 of this document.

5. Use with ETEX

The basic package is mathabx.sty. It requires mathabx.dcl which is common to
plainTEX and IXTEX. So one should type

\usepackage{mathabx}

in the preamble of his (her) IXTEX document. This sets up all the symbols previously
described and defines 3 new families of mathematical symbols whose IXTEX names
are matha, mathb and mathx (according to I¥TEX font selection scheme). These
families behave as expected with pointsize changes. The possible options of the
mathabx package are matha, mathb and mathx. They allow to select which families
would be actually defines. For instance

\usepackage[matha, mathx]|{mathabx}

ignores the mathb family and load only matha and mathz families. Remember that
no option means that the three families would be loaded. No individual symbol
selection has been setted. If one wants to use only, say, a couple of symbols in the
mathabz series, he (she) would have to it by him(her)self.

6. The control sequence \not

With plainTEX or KTEX, the control sequence \not only invocates a particu-
lar mathematical character (slanted line) which is of relation-type. This character,
which width is zero, ...

Ce caractere, qui est de longueur nulle, recouvre le caractere suivant d’autant
mieux que son mode d’espacement est du type relation et que sa largeur a une
certaine valeur (celle des signes + ou =). Autrement, le recouvrement peut étre
assez mauvais (en fait, inadapté).

Dans les séries présentées ici, certaines négations ont été définies. Il semblait alors
souhaitable que la commande \not suivie par ’appel d’un caractere possédant sa
négation propre ait pour résultat cette derniere. Il suffisait pour cela de définir \not
comme une commande a un argument qui teste si cet argument est une commande
dont la négation est définie (si celle-ci est \xxx, le test porte sur l'existence de
\notxxx ou de \nxxx), auquel cas ce sera elle qui sera appliquée, sinon (si 'argument
n’est pas une commande, par exemple si c¢’est un caractere, ou si la négation n’est
pas définie) la méthode de superposition sera utilisée.

Le caractere de négation est appelé par \notsign, il appartient a la série matha
et est droit. On peut y préférer une ligne inclinée présente dans la série mathb
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et nommée \varnotsign. Il suffit alors d’échanger les noms. C’est ce que fait la
commande \changenotsign et ce de maniere éventuellement locale. Ainsi on aura :

A+ B \changenotsign A#B

bien qu’on doive préférer sur cet exemple I’emploi de la commande \neq : A # B. Ci-
dessous nous avons recours a la commande \not (sauf pour \neq) pour des relations
dont la négation est définie :

a=b#c=d#e~frgrhzxi~jrk=l#m,
puis pour des relations (entre autres) dont la négation n’est pas définie :

a=b#*c=d#e=f#*g=h=Fi=j=%kSl Sm,

ol on se sera servi de \changenotsign a certains endroits. Il est a remarquer que
I’espacement est perturbé de maniére cohérente, c’est-a-dire de la méme facon qu’il
I’aurait été par le \not classique.

Nous avons aussi défini la commande \varnot de fonctionnement semblable a
celui de l'instruction \not : \varnot\xxx teste si \varnotxxx est défini et, si oui
exécute cette derniere, sinon applique \varnotsign\xxx. Nous reprenons la formule
précédente avec cette commande :

a=btc=d#tes f#tg=hFi=j%kSl Sm,

ol on ne voit aucune différence. En revanche,

a=b#c=dZe~fAgrhti~jtk=l%tm
emploie dans ce cas uniquement la méthode de juxtaposition.

7. Mayan numerals

The presence of Mayan numerals in these series is related only to the history of
the development of them. At the beginning, we wanted to keep some. ..

La présence de chiffres mayas dans ces séries n’est liée qu’a I'histoire du dévelop-
pement de celles-ci. Nous désirions au départ conserver quelques ressemblances avec
les séries destinées au texte (caractéres alphabétiques et numéraux). L’absence ou la
rareté de possibilité de composer selon des numérations anciennes nous aura poussé
a nous y intéresser un peu. Le résultat est illustré ci-dessous :

ARARERS

This line has been typesetted with
\mayadelimiters([,])
\maya{1251}+\maya{2135}=\maya{3386}\neq\mayadigit{0}.
Keeping these characters and the corresponding control sequences is always an open
question.
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8. La commande \prime et ses amies

Nous avons réintroduit les signes \prime multiples associés aux commandes
\prime, \second, \third et \fourth. Une commande naturellement associée est
\degree correspondant a un symbole semblable a celui appelé par \circ. Il est
néanmoins différent car il doit étre homogene a I’ensemble des symboles précédents
(comparer 44° et 44°).

440 _I_ 36/ + 89” _|_46/// _|_99//I/

La construction habituelle (i.e. 99’’’ ?) supporte une propriété de ligaturage sur les
caracteres correspondants. C’est ce que I'on voit ci-dessous :

440 + 36/ + 89// + 461// _I_ 99////, maiS 99///// ou 99////////.

(Il faut y regarder de tres pres pour y voir ce qu'il faut voir. . .)

9. Various trials
We begin by some meaningless expressions:
GaH<A=Bos(C
Gl [H| s [A] & |B| & |C].
Then we look at variations with mathematical style:
» oo ce s

™ 00

o= < VT
0™ 00 € - cs <= \/5‘/5

The first \infty symbol is from matha, the next one is the Computer Modern one.
Other trials with sometimes Computer Modern symbols for comparison:

FrsynliuDd, f:Xo

Z_i(“f) = %(x) bbhbsbof bof

|T(R)f = fll = |T(R)f = £l
AnBuCwDVEAF
AmnBuCwDvERFXYGRFYHAI

frir AT AT AwdAxfiel]s ) WY
Vreyt, ISC R, 3z, (3z), zny, z€y
f—g—h, f—=g<h, A= B<=—=C, a b s s d.

Integrals in displaystyle then in textstyle (I don’t want to forget that these signs are
derived from the letter “S” even if I draw them my way):

Jff:fog(w)dx=Jﬁng(m)dx=Htffog(x)dx
0 0

/Otffog(x)dsztfffog(x)dxz#fog(x)dx
C 2 A

§§5 fog(x)dz = §§§; f o g(x) da = {{§; £ o 9(x) dz
I3 $o fog(x)de = §, 8. fog(zr)de = fog(z)dr
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Sums and products, etc., in displaystyle:

i=n j=nk=n i=nj=nk=n i=nj=nk=n B i=nj=nk=n
] _ 1] _ ) _ 1]
[T =111y = ry =I1TTT ITrs
1=0 57=0 k=0 1=0 5=0 k=0 1=0 j=0 k=0 1=0 j=0 k=0
i=nj=nk=n i=nj=nk=n i=nj=nk=n i=n j=nk=n
1] _ 1] _ | — E E E ]
1=0 57=0 k=0 1=0 57=0 k=0 1=0 j=0 k=0 i=0 j=0 k=0
i=nj=nk=n i=nj=nk=n i=nj=nk=n i=nj=nk=n
iy _ iy _ iy _ ij
re=UJVvuyuri= Ly = ¥
1=0 j=0 k=0 1=0 j=0 k=0 1=0 j=0 k=0 =0 j=0 k=0

Sums and products, etc., in textstyle:

[ITITITY = TNLITITY = TNy =TTy
TTTITY = (MXTTY) = [RXX0] = [ X1
UNUTY =UVULY =UAULY = VAVTY

10. Delimiters

The whole set of extensible delimiters is presented below. Some of those delimiters
are quite close to Computer Modern’s ones, for instance parentheses are almost the
same. By now there are a few differences. Left and right groups are fully supported,
i.e. every sizes exist. Moustaches are built in the font but not in a satisfactory way, so
that the corresponding control sequences have not been written down. Some vertical
lines are not supported, these are the ones that could be built with various extension
moduli as in Computer Modern.

(X, X) = [X,X] = {X,X} = (X¢, X = [X*, X = "X = X, ="X,= X’
(H[O)=[H[O]={H|O}=CH[O)=[H[O] =[H]O]
=[H| O] = (H|0) = [H| = [H| = [H|| = THI Hl = fH § H} = /|
(H[O0) = [H]|O] ={H|O} =<H[O) = [H|O] = [H| O]

= [H|0] = (H]0) = |H| = 1| = |ju]| = 1 [ 1| = fH P H| = /]
(8]0) = [0} = ] o} = [ o) =[] o] =[] o
=[] = (s]0) =J= o] - ] - [ ] = T P -
(#]0) = o] = o} = G fo) = [ifo] = ]}
R REE

=[rfo] = (o) == <[ -

<H o)=[H ={H o}=<H

O
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N A
=HO‘=HO=H=H=H=HH=H”H=‘
L J
HO=HO=HO=<HO>=HO=HO
. A
=|H|[O|=|H|O| =|H =|H|=||H||=|H|H|=|H| H| =
\ J

11. Accents and wide accents

Here are some basic accents.
\ring o 6, \dot o 0, \ddot o 0, \dddot o o0, \ddddot o 0,

Thus, .
Y= A4y + 52y + fx)y = g(z) € C

Here we have extensible accents. Control sequences \oldxxx just invoke former
symbols when they exist, these control sequence are defined only for this test file.

\widehat T=H=1II=1III=IIIT = IITIT = ITIIII = ITITIIII
\oldwidehat T=H=1II=1IIT=1IIIT=IIIIT=ITIIII =IITIITII
\widecheck I=H=1II=1III=IIIT=IITIT = IITIII = ITITIIII
\widetilde T=H=1II=1III=IIIT=IIITI = IIITII = II1ITIII
\oldwidetilde T=H=1II=1IIT=1IIIT=TIIITT=1IIITII = [ITITIII
\widearrow T=H=1II=1III=IIIT =IITI] = ITIIIT = ITTIIIII
\wideparen IT=H=1II=1III=IIII =IIIIT =IIIITII = IITIIIIT
\widering I=H=1II=III=III = [TIT] = [TITII = [ITIITTI]
\widedot T=H=1II=TIII =TI = [TITI = ITITII = [ITIITII
\wideddot T=H=1II=TIIT=IIII = [TIT] = ITITTI = [TTIITI1
\widedddot T=H=1II=TIT=ITIT=ITIIT = ITIITI = [ITIITII
\wideddddot T—=H=1II=IIT=IIIT=ITIII = ITITTI = [TTIITII
\widebar I=H=II=1II1=1IIII=1IIIIT=1IIIIII =IIIIIIII
\overleftarrow is not of accent type ITTTITIIIIIIIIIIIIIIIIIIIII

According to Matthias Clasen’s construction: \overbrace, \underbrace, \over-
group, \undergroup
AAAAAAAAAAAA AAAAAAAAAAAA
e

HHHHHHHHHH  HHHHHHHHHH
HHHHHEHHHHH HHHHHHHHHHH
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12. Astronomical symbols

Astronomical /logical symbols are in progress (coding, design, etc.). There is not
enough room yet in the mathb series to provide a complete set of such symbols. If
Mayan numerals are supressed, maybe. . .

The Earth @ (or &) is in rotation around the Sun ® like Mercury 9,
Venus @, Mars 3, Saturn R, Jupiter )/, Uranus &, Neptune W and Pluto P.
But the Moon { is not.

Also, there are Aries ¥, Taurus 8, Gemini I, Leo §, Libra 2, Scorpio 1|, etc.
(Notice the use of \1filet and \rfilet in the previous paragraph—which names
may be changed.)

Of course, some symbols have an alias such as \girl and \boy:

{(8,9),(3,9),(%,9), (2,9}

These symbols are nice in some usual exercices of elementary Probability Theory.

The \rip sign is mostly for fun. It is not an astronomical/logical symbol but
is located among them in mathb. In the Theory of Markov Processes, a cemetery
sign is often needed. We have designed the following ugly and not so necessary one:
I 1£%. Many successive \rip signs glue to each others.

13. Unsupported

As one can see further on, many things are unsupported. But this does not mean
that few things extracted from unsupported stuff are not interesting. Below, one can
see some shape that comes from my favorite pen and another I saw once on the web
and thought it was astonishingly beautiful.

AT o | eyl | G| et | | e | | G e L eyt | G| B et | e | e | | G e L e | G | B e | | G e L | G e L B | G | E e | | ER |
MAAAAAAAAAAA A A AN A A AN AN AN AN A A AV

e

See mathcl0, mathul0, mathuxl0 in the next pages.
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14. Mathabx font tables

Matha, major symbols series.

e - el 4 = E b ke el M = e M M k] M

S N I S A B A B N T B o B I
S x| % | —|>|R|R|=| ZO|>|m|> @@= [AHAH B A|A|AI|AIANVIAIA|S| - |— A
S la x| N[ H|R|E|=|=7 |T|<|w|<<|®|Q|=|=|Ut|UH|E|F ¥ VIIVIVIANVIV |\~ |— ¥
Wl lole AWM T|Tle|lr = (N|® 3 |[@[Q[~[=[NNIA|AA|A|AAVIARITAIN] T |— =
~ ClUN|LILIZE|w mN|w|T|O|O |~ |—|UUIHY|V VIV VAW Y[ |— ¢
D R R F || |+ [ || ™| TP D|— |~ N A A A A [ ARIAR— ] S =] -
N XX |R[|A R[]+ || |w| D ®|O|—|—||U|UL|F ||| W VA RIVR|—| ]| ] =< -
ST HN WY [T~ |8 oD D08~ ~[N[N|MHA[A[A|AAIAARITI<TILIN]
S|+ |HIN|W|T|L|o|8 [>|QIu|[C|® D~ U|UW U V|V IV W™V L[T]II]V]8
S
TISIE(SIES5181E |E1E18 8158188151518 518]8 888188 8888
S ISISISISISISISS (T[N [N N[N (NN (NN NN N[N N[N D[N [N DN [D [,
<
£
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Mathb, minor symbols series.

[ I o] b ] » L] i ] [ ] i o] M ] k]

L N N o N 0 © >~ « > = f/ L a = =
> k|94 X ||| %[0 | |S|T|EI|E]| | |7 B o [AAAAVAZIA S| I LO|D|
SHE SRR €= || |@|CIE |E|A|- 2|—|8t|t|tH] v || VIV VI Y2 Y | 2] | TIO|G| !
Wlole |l |4 |[X|F|=|N|=O S |E|N|—~[r|rm| » | A|A[AHAVARTANITIIETTO
~ o Al | K& olAalG|lEe T O—|—lulunfw] « [ vV VIVAVRIY TITTLINISE T O]
SN REEEYS AR D v S| E|—] -7 ] 2 | A A AR A [ARIARIZ=] [ 2])
o | [l fell | (| QéHf!EfL¢EE<*$§§$§ﬁW,AHW
Sl o) | T @96¥Em]1:2§v>zi$2%3:eﬁdw
St px|L|§l |O|>|s|K|HIEH I~ :_._+:¢A<<_i%<~§t:%ﬁhm
S
mwm&&ﬂwwmmm&&ﬂwwm%m%%wmm%%M%oﬂ/ﬂw@n
S ISISISISISISISIS|F|NTIN|N|NTN RN NN (NRNNH D[R [HD D>
9]
g




Mathabs series

20

Mathx, major extensible symbols series.

2

‘1

VNN NS

mathx10| 70

“00x

01x

‘02

‘03x

04z

‘05x

‘06x

07x

10x

19x

‘13x

‘15x
‘16x
17x
20x
21
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"9x

“AX

"BX

"Cx

"Dx

0| - || = =R @0 G| Q)| [|<]) !
C|~ || = =~ ® 0 ®|Q|x]|A]!
D | D] « 5= eorNG|oE@N|:
D> D> == e0nOeOHC):
CKICKL|=—|®0o|[m@md® DTHH] ¢
o> > 1= ] [®B|IXIIEIR|B|XI|H| :
x|<| X |<|=| = |oomE 0 0|MHE|:
+aE+ T 1 ele R eeER -
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Mathc, unsupported calligraphic series. The series mathc have some features
that may interest people: it contains the whole set of calligraphic characters of cmsy
and also extends it. The first part of this extension is the latin lowercase letters, and also
the punctuation which make it a quite complete OT1 font. This part of the extension is
due to me. Hebrew characters have been converted to MetaFont, adapted and extended
(dagesh sign) also by me, but the source is some “professional” or commercial font.
Things are in progress: <punctuation s, «ligaturess, greek letters... Designs are
deeply based on Computer Modern. Thus these series should be named emchXX. ..

mathcl10/cmsy10

AAG"S BBGG CCG'? DDGS 8869 ff’?o gg71 HH?Q II73 ‘jj74 ,CIC75 ££76 MM’?’? NN’?S
0(979 PPSO QQSl RR82 8883 77;4 WSS WSG WW87 XXSS nyQ ZZQO

cmsy10/cmmil0

AAGS BBGG CCG? DDESS gEGQ ‘FF'?O gG71 7—{}1-72 II73 jJ74 ]CK75 ‘CL76 MM77 NN’?S
0079 PP8O QQSI RR82 SSSB ﬂ84 UUSE) V‘/;6 WW87 XXSS y.}/SQ ZZQO

mathc10/cmmil0

'AAESS BB66 CC67 DD68 gEGQ FF7O gG71 HH72 II73 jJ74 ’CK75 £L76 MM77 NN78
0079 PPSO QQSI RR82 8583 771—'84 UUS-B V‘/v86 WW87 XX88 y}/89 ZZQO

mathcl0/cmmil0

aa97 bb98 CCQQ dleO 66101 ff102 gglOS hh104 17“105 ‘7']106 kk107 Zl108 mmlOQ nnllO 00111 m?112
qq113 rr114 88115 ttns uu117 vvllS u),u)llg XleO yy121 22122

mathcl0 0 ‘1 2 3 4 5 6 “7
00 ; 1
X F / « » . OX
0lx
02x 1 J ) ’ v : - .
- 1x
03x . B @® e ol L 1%
04z / i # & ’ .
2x
05z ( ) * + , - . /
06 0 / 2 3 4 5 6 7 .
3x
07x 8 9 : ; ¢ = s 2
‘10z @ A B C D E F g ”
4x
‘11z H 7 J K L M N O
12z P Q R S T U V w -
X
‘13z X Yy Z [ “ ] " ’
‘14z ‘ a b I d e f g .
p ; 6x
‘152 h 1 j k [ m n 0
‘16 p q r s t u v w .
; m . » 7x
17x X Y z - —
20z A B T & Z H -
X
21x @ T K A M N @
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‘221 T P T X )
- 9x
231
24 a B 7 e n ,
Ax
25x 9 K u 0
26x T o ¢ X Y "
- Bx
27x 9 0 7
‘30z N 2 A T l 3 ? m |
Cx
‘31z ) . J o 5 m a) 1
‘30 ] o) [ g B v 3 P 0
890 A v n *
‘84z N 3 F b m 3 ? M g
X
35 ® 2 E o) 5 g ) 3
‘36 F ® ¥ = B ¥ 3 ; g
37 9 v n *
"8 "9 A "B "C "D "E "F

On November 14, 1885, Senator & Mrs. Leland Stanford called together at their San
Francisco mansion the 24 prominent men who had been chosen as the first trustees of
The Leland Stanford Junior University. They handed to the board the Founding Grant
of the University, which they had executed three days before. This document—uwith
various amendments, legislative acts, and court decrees—remains as the University’s
charter. In bold, sweeping language it stipulates that the objectives of the University are
“to qualify students for personal success and direct usefulness in life; and to promote
the publick welfare by exercising an influence in behalf of humanity and civilization,
teaching the blessings of liberty regulated by law, and inculcating love and reverence
for the great principles of government as derived from the inalienable rights of man
to life, liberty, and the pursuit of happiness.” ;But aren’t Kafka’s Schlof and £sop’s
Cuvres often naive vis-a-vis the demonic pheenix’s official rdle in fluffy soufflés? (7THE
DAZED BROWN FOX QUICKLY GAVE 12345-67890 JUMPS!)

Angel& Beatrice Claire Diana Erica Francoise Ginette Héléne Tris Jackie ICaren Laura
Maria Nitalie Octave Pauline Quéneau Roxanne Sabine Tdja Ursula Vivian Wendy
Xanthippe Yvonne Zdazilie

Random test of gray.

xmmijtfkyyyoppzpdhewiepmwbxmlrbsyaefxptmweb
ssnyzywouvgeedheyumkjbmmfrqoixmfweigymsogg
Jjgddhaqabbmexdcwodvszfkzmdnwhbgyapceewmfatn
dtpzukiahhalgmpzhnufycfiggompzsxtiyxyujknmd
xupgijvumucrptelsrokalcoajhkxptofdimeimpign
sxtabagpmgsaggukkmygfthozfuywtafyvblveylhkg
hmudbceofzrgglspmigeibogkdrnkpogzbyxgzspwund
xaggbbukuzbfwzeblawmghytfepycbnbxteahuejtjc
timqjwigheytmfzojnpvuwssafkprnrlqugriufeusj
ntxrkamqujkhdvhpwwusqfebysjiemjtrejymzyzebeb
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futrkrsqueawgfgihivkhyjipgrsbmmpxumnmtvbufw
[tmdhbexuqujotzwmtshaifxhyvvexrahmubsceatsg
dozeiwslmbhjtmbrutfbknroikfurnjnfimedencily
lveepfuyfikyhferrywzgegofezofdfuthxievxdlbj
tgjewujwebhrtghbuhmfogmaymasxtznnxgivahxlsexj
hdmkfezuuaxjackjlpfevkwququiculneohmopticxuo
Jjgopdgeykimdbenrtevfgfhjzpmxwkjssitybticbdnm
rijtexycfngromrehqdvhtanfusafxwhickuforkronf
shernuthouglabstmfdbfhrogmsbgxtyhaxhineynxx
idlbddlrwppnadyvdkjonbuwvxocpfzsecxhjztpufz
hbtdwihtovjudcotkryzrmyyrugfqfanhoxkuugnmei
Jhdwejoaotbffymwrqoxlssyfleyzsaxtnstdenvohp
vnaedlynvegxjkxomszinigfenquowqelvizydjfrou
beddhaxvxrfkronhellhksvkulefienfaqfqtitooyp
vgahdhvwrednweurazfrgajxkoohunhqzmoexfbglsa

Indavauuveuymauuyuereuvic
pdoBpevmbicofydngnyveyv
oprnanekuopoeppyfoavdpeyvady
VopvBYOnBiponicyeaexyupicve
ondnyvpoopvlpmovikucupefedo
POBBmopLuprmoIpnunapoongfy
PUTHLARPE YIOOYNPEPNOAEQYKEQPPAPTL
kpOxmupanxvoenundvdppuoddudyy
vOBOnSuBicpropprfopoovoduy
BOovunicByepoddcneypveufnpd

09 udppymopeoepymupdooydpd
wixdonedodbppoduedpa
opedvevyvicoapnYedpuvooy
puyagnenpougxcpdoyedudvaaso
090 unoxfappeyvdyvvymony
XXXPPEPISYNPpIcIIIBY xpJumicok
apayBpaadpuddnmuveo

WOy yvvoapadarn
UnbBopvBoxdevypeyrmouddpuldxy
nuyvxpinepeapicpdydamoxyd
xaxpBeoonfovepypacoaymaaxfin
Yvpacupevcopvomyneyddvduvd
pvicicdpuxnoeoydmocudya
Yy mndnyoydpycuoxdicy
c@oRymBpoyeoxcdSuavpod

000702030405060708090
1011121371415716717187197
202122232425262728292
30371323334353637368393
FO#T1 42434445464 748494
505152535455565758595
606762636465666768696
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707172737475767778797
808182838485868788898
909792939495969798999



Mathabs series

26

Mathu, unsupported symbols series.

"8X

"9x

/'AX

"Bx

” CX

"Dx

” Fx

"Fx

&l

5l

0

mathul0

20x
21x
22x
23
24x
25x
26x
27
30x
81x
‘82z
‘33z
‘841
35x
‘861
‘37x

Mathux, unsupported extensible symbols series.

”4X

"Bx

"8X

"9x

” AX

"Bx

L

@
®
N )

M
X
N

0

© 1 D ® | & | ®
© 1 @1 o0 O | &
©O & | & e @

@ | D

d | B | [

o O == A == I M A A ==
I == 4

4 | W

DO | ®» ®» | © | D ©

© 1 @ OO0 DI QL | O]V

mathux10

‘10x
‘11z
12z
13x
20z
21x
22z
23x
24x
5z
26z
27x
30x
Bl1x
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2 |00 | & e/ 00| @] .
w | B[ @] [ AR
e | H I H |50 8H | X TAN| M
s || (™ (e (P N[N 4]
s | d | N

'8 "9 "A §: C "D "E "F

Mathastrotest10, about the metaness of astronomical/logical symbols.

Who cares about astronomical/logical symbols? So why trying to do something
great with them? General shapes are even unstable: they are never the same from a
reference to another. I think that I've been convinced by the presence of some such
symbols in the fonts tables of the famous book “The Printing of Mathematics”. By
the way it remembers me that if I want to extend this subset of mathb, I would have

to take into account that I have already put some metaness in these designs.

OOOOOOOO FPLYTEYY 00000000 GOOOOOBD® 33333333 YWY
RRRRRRRR 506066666 WYWYYWYWw PPPPPPEE 66666666 CCCCLCLC

2222222 00000000 00000000

PPLPPPPPY B8386868

OOOOOOII
mathastrotest|10 0 ‘1 2 3 4 5 6 7
00z 0 s Q ® 3 ) n 5 "
Oz w D 5 C ? o ° *
02z @r 3 I .
- 1x
03x
04z ® o Q ® o) ) R o) vo
053 0] D 5 C 7 o ° *
‘06 €r 3 I .
3x
07x
10z ® 9 Q ® 3 ) ) 5 ”
X
‘11z W P R C h) O o
19z P o i ,
- 5x
15
‘14z ©) 9 Q ® §) ) R ) v
153 W P 5 C 7 0 ° *
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28 Matthabe series
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