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1 ProducingDocuments

We areblessedto live in a time whendocumentproductiontools,word processorsanddrawing programs,have
becomeaccessibleto everyoneandrelatively easyto use. Thesedocumentprocessorsallow us to producedoc-
umentsrangingfrom shorttechnicalpapersto extensive textbooks,documentsthatarethatarepleasantto view,
easyto read,andentirelyelectronic.

As recentlyasthemid-80’s, we werestill usingrubbercementto pastefiguresinto documents.If they still
exist at all, thedocumentsthemselvesarenow falling apart:thehand-drawn diagramsareyellow, andfall off the
pagethatthey weremountedon.

In contrast,anelectronicdocumentdoesnot ageandcanberevisedwith ease.Sectionsof it canbecut and
pastedfor usein otherdocuments.Copiesareclean:they arenotmarkedup with correctionsandrevisions.They
canbetransmittedelectronically. Bestof all, in my opinion,thefiguresareincludedautomatically.

1.1 DocumentProcessingTools

In theUNIX world, XFig is oneof themostpopularandusedprogramsto producediagrams.(Unfortunately, it is
notavailableto rununderDOSor Windows). OthertoolsincludetheLATEX text processingprogram,GNUPLOT
for generatinggraphs,xdvi andghostviewfor viewing documents,andxv for manipulatingimages.Thissuiteof
programsmakesit possibleto producehighqualitydocumentsthatcanbeprinted(treeware) or viewedon-screen.

1.2 Bitmap and Vector Drawing Programs

Therearebasicallytwo typesof drawing programsin this world: bitmapandvectorprograms.
Paint programs,suchasXPaint, work with bitmaps, which aregroupsof pixels. Thedrawing programlays

down andmanipulatesindividual pixels in variousways. Paint programshave their uses,but it is difficult to
createandmanipulatesymbols,andthey aregenerallynot suitablefor technicaldrawings. On the otherhand,
paint programsaregoodat generatingdifferentfill patterns,creatingshapes(suchascurves),andcomplicated
shading.

Vectordrawing programswork with drawing elementssuchaslines, circlesandpolygons. Theseelements
maybegroupedandmanipulatedin variousways,suchasbeingmovedor sized. Vectordrawing programsare
well suitedfor technicalwork suchaselectronicschematicsandmechanicaldiagrams.XFig is a vectordrawing
program,andit hassomepaint-programfeatures.For example,it is possibleto fill areas.Unlike paintprograms
however, XFig hasaproblemwith complex curves.

2 Applying XFig

Thedrawing programXFig canbeusedto createa wide varietyof technicaldrawings. It’s not difficult to learn
to useXFig, but it cantakeawhile to learnto useit in aneffectiveandefficientmanner. This reportassumesthat
you have learnedthebasicsof operatingtheprogram.It provideshintson varioustechniquesthatmaybeuseful
with the program. It is not intendedto be a comprehensive manualfor the program: that is the purposeof the
HTML pages,whichmaybeviewedby any browser, andtheMAN entry.

3 Drawing Tools

Thedrawing toolsof XFig areshown in figure1.
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Straight LineIrregular Polygon

Rectangle Arc−Box

ArcRegular Polygon

Text

Spline Curves

Circles and Ellipses

Library Tool

Picture Object

Figure1: XFig Drawing Tools

(XFig wasusedto createfigure1. Theprocedureis describedin section10.)
Most of thedrawing tool operationsarestraightforward,but herearesomemiscellaneoushintson theuseof

thevarioustools:

� TheSpline Curvesaretheonly availablemethodfor constructingsmoothcurves.Theuppersplinepasses
throughthetwo endpointsandapproximatestheotherenteredpoints.Thelower splinepassesthroughall
thedrawn points.

� TheLine is drawn by specifyingthestartingpoint andsubsequentpointswith mousebutton1 andtheend
pointwith mousebutton2. A freehandline (andspline)maybedrawn by startingwith mousebutton2.

� WhentheRegular Polygon tool is selected,a parameterbox appearsat thebottomof thescreen,allowing
oneto specifythenumberof verticesin thepolygon.By creatingapolygonwith n verticesandthendrawing
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constructionlinesfrom thecentreof thepolygonto thevertices,onecansubdivide a circle into n-1 equal
segments.This is usefulwhendrawing somethinglikea CompassRose,for example.

� The Ar c is specifiedby markingthreepointswith mousebutton 1. Whena precisearc is required,it is
oftenusefulto first draw a circle with thedesiredradiusandcentrepoint. Thenplacethearcpointson the
circumferenceof thecircleasrequired,anderasethecircle.

� Many parametersbecomeavailablewhentheText tool is selected.A widevarietyof text fontsareavailable,
and the text can be printed at varioussizesand justifications. To edit text, you can usethe Edit tool
(describedbelow). Alternatively, choosetheText drawing tool, click thecursorat thepointof thetext to be
modified,andtypein thedesiredtext.

� Theuseof thePictureObject tool is describedin section5 below.

� SelectingtheLibrary tool popsupapanelfrom whichoneof severallibrariesof Fig objectsmaybeloaded.
After selectingoneof theobjectsandpoppingdown thepanel,youmayplacetheobjecton thecanvasone
or moretimesby pressingmousebutton 1 at eachlocation. The imageof the object follows the mouse
for placementease.Pressingmousebutton2 while in this modepopsup thelibrary panelwhereyou may
selectanotherobjector library. Anotherusefulfeatureis thatbeforeplacinganobjecton thecanvasit may
be rotatedclockwise90 degreesby pressing’r’, counter-clockwiseby pressing’ l’, flipped vertically by
pressing’v’, or flippedhorizontallyby pressing’h’.

4 Editing Tools

Theeditingtoolsof XFig areshown in figure2.
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Figure2: XFig EditingTools
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Thesetoolsaredescribedin thefollowing sections:

4.1 Grouping

Oneof themostusefulfunctionsin any drawing programis theability to specifya groupof symbolsinto what
is calleda compoundobject. This effectively allows you to createany objectandthenmove it asa unit in the
drawing.

For example,an electronicsymbol consistsof an arrangementof circles and lines. Oncegroupedinto a
compound,thesymbolbecomesa transistorandmaybepositioned,rotated,or becomepartof a largersymbol.

Ondigital schematics,groupingmayapplyto abunchof gatesthatperformsomefunction,suchasbufferson
a digital bus.They maybegroupedandmovedasan8-bit buffer unit.

In XFig, symbolsaregroupedasfollows:

1. Selectthecompoundtool by clicking on it with mousebutton1. Thetool darkensto indicateit is selected.
At thesametime,handles(squares)will appearon eachsymbolof thedrawing.

2. Selectthe itemsoneat a time to be grouped,by clicking on eachitem handlewith mousebutton1. The
handleof eachitem will darkenwhenit is selected.If you changeyour mind, click on thesamehandleto
unselectthatitem.

3. Whenreadyto makethecompound,click mousebutton3. Handlesof theselecteditemsdisappearandnew
handlesappearat thecornersof thenew compoundobject.

Often,it is fasterto groupa wholebunchof thingsat once.This is doneasfollows:

1. Selectthecompound tool by clicking on it with mousebutton1.

2. Selecta groupof itemsby pressingmousebutton2 anddragginga rectanglearoundthegroups.Whenthe
rectangleis positionedcorrectly, click mousebutton2 again,andeverythingwithin thegroupis selectedat
once.

3. Click mousebutton3. Handleswill thenappearat thecornersof thenew compoundobject.

Ungrouping(breaking)is mucheasier:

1. Selectthebreakcompound tool (mousebutton1).

2. Selectthecompoundto be’broken’ (mousebutton1). Thehandlesof theindividualobjectsappear.

3. Click onthehandleof thecompoundobjectto bebroken.It becomesindividualobjects,andtheir individual
handlesareshown.

If you only want to modify an object in a compoundobjectbut don’t want to hasslewith ungroupingand
re-groupingit, theopencompoundtool is useful.

1. Selecttheopencompoundtool (mousebutton1).

2. Selectthecompoundto be’broken’ (mousebutton1). All theotherobjectsonthecanvasdissappearexcept
the compoundand the handlesof the individual objectsin that compoundappear. Also, a popuppanel
appearswith two buttons:‘CloseThisCompound’and‘CloseAll Compounds’.
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3. After editing the objects(including addingnew objectsanddeletingobjects)click on ‘Close This Com-
pound’ to automaticallyre-groupthe objectsinto the compoundandmake the otherpartsof the drawing
re-appear. You mayrepeatedlyopencompoundobjectswithin othercompoundobjects.If you areinsidea
compoundthatis severallevelsdeepinsideothercompounds,the‘CloseAll Compounds’buttonwill close
themall up in onestep.

4.2 Scaling

In general,I don’t usethis tool very often. Whenyou areworking to a rectangulargrid (snap-to-griddrawing),
you expectvarioussymbolsto line up in a particularway. For example,thebaseof a transistorshouldalwaysbe
on agrid point. However, scalingsymbolsdestroys thatsimplerelationship.

Thatsaid,thescalingcontrolis quiteversatile:anobjectmaybescaledhorizontally, vertically or diagonally.
Thelastmethodchangesthesizeof theobjectwithoutchangingits proportions.

4.3 Align

This tool is usefulwhenyouwanta precisealignment,verticalor horizontal,andsnap-to-gridis not anoption.

1. Grouptheobjectsto bealignedasdescribedin section4.1above.

2. SelecttheAlign tool.

3. Fromthe Alignment Parametersat thebottomof the drawing area,selectthe typeof alignmentdesired
(oneof six possiblities).

4. Click on thegroupandtheobjectsin it will bealignedasrequired.

Nifty.

4.4 Move,Add and RemoveVertex

Thesetoolsarevery useful.They canbeusedon many of thedrawing objectsto modify theshapeof theobject.
For example,a line vertex maybemoved,a line maybebrokeninto additionalsections(kinked),or a line maybe
reducedto fewersegments(straightened)with thesetools.

Onecaution:whenaddinga vertex to a spline,theaddpoint mustbeon animaginarystraightline between
two existing vertices,not on thesplinetraceitself. This cantake a while to figureout if you don’t know what’s
goingon . . . .

4.5 Delete

SelectDeleteandthenclick on anobjectto eraseit. If you makea mistake,Undo will bring theobjectback,but
keepin mind thatthereis only onelevel of undo.Youcanonly Undo thelatestaction.

To erasea groupof objects,selectDeleteandthenusethemiddlemousebuttonto draga selectionrectangle
aroundtheobjects.Click themiddlebuttonagainandtheobjectsareerased.
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4.6 UpdateParameter

This tool is not a must-usewhenyou arefirst learningXFig, but it canbe a real time-saver later. The Update
tool allows you to changean object’s propertiesby clicking on the object. As a consequence,it is especially
usefulwhena largenumberof objectsmustbechanged.For example,you might decidethatevery text stringon
a drawing shouldbelarger. Onepossibletechniqueis to Edit every text string.However, Update is muchfaster.

Here’show it works: WhenyouselecttheUpdate function,theUpdateParametersareshown at thebottom
of the screen.Unfortunately, there’s not enoughroom to show themall, but the importantonesarethere. (You
mayhave to scroll it usingthescrollbarbelow it to seeall theparameters).Now, whenyouclick on anobject,its
propertieswill bechangedto thepropertiesshown in theUpdateParameters list.

There’sanotherway to do this,which is quiteuseful:

1. SelecttheUpdate tool

2. ChoosesomeobjectA thathastheparametersthatyou would like to copy to anotherobject.Click on that
objectwith mousebutton2 insteadof button1.

3. Theparametersof this objectarenow transferredto theUpdateParametersdisplay.

4. Now click ontheobjectB to beupdated,usingmousebutton1, andobjectB will acquirethesettingsof the
objectA.

Furthermore,andthis canbea life-saver, if youupdatea compoundobjectsuchasanobjectwith severaltext
stringsincludedin it, everysubobjectin that container(in this case,every text stringin thatobject)will acquire
thenew properties.

If you only wantto affect certainparametersof anobject,therearelittle redboxesin theupper-right corners
of theUpdate Parametersbuttons.You canselectanddeselectthosesettingsthatyou want to usefor updating
objectsor thepanelitself. In addition,you mayturn all theboxeson by pressingthesolid redbutton in thebox
labelledUpdate Control which appearson the left sideof theUpdate Parameterspanel.Thereis alsoa black
buttonwhich turnsoff all theupdateboxesanda half red/halfblackbuttonwhich togglesthecurrentstateof the
updateboxes.

4.7 Edit

TheEdit tool allows you to view or changethepropertiesof anobjectusinga dialogpopup.Themostcommon
editsare

� alteringthecontentof a stringof text

� changingtext justificationleft, right or center

� changingthepoint sizeof a text string

� enablingthe specialflag on a text segmentso LATEX will processit asa specialsymbol. Don’t forget to
enclosethetext stringin $ signs,asrequiredby LATEX , if thestringrepresentsa mathsymbol.

� changingthewidth of a line segment

� changingthedepth of anobjectsothatit is displayedaboveor below someotherobject.Objectsat level 0
areon top,highernumberedobjectsareat lower (possiblyhidden)levels.
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4.8 Horizontal and Vertical Flips

Not muchto say: they work asadvertized.In addition,for theseandtherotationbuttons,pressingmousebutton
2 insteadof 1 will first makea copy of theobjectthenflip or rotateit.

4.9 Rotations

Again,prettystraightforward,but noticethattherotationanglecanbechangedin theParameterDisplaylist.

4.10 Spline to/fr om Straight Line Segment/ Box to/fr om Ar c-Box

Thiswill converta splineto anordinaryline or abox to anarc-boxandviceversa.

4.11 Add / RemoveArr owhead

Not only doesit work, but thealgorithmis smartenoughto know which way thearrow shouldpoint. Workswith
all typesof lines,too,not juststraightones.To removearrowheads,click mousebutton2.

5 Importing and Tracing: the PictureObject Tool

It is possibleto import a ’picture object’, suchasa bitmap(GIF, JPEG,etc.) or a drawing or photographthathas
beenscanned,into XFig. Thismaythenbescaled,rotated,andincorporatedinto thefinal drawing. Formatssuch
asEPS,GIF, JPEG,TIFF, andothersaresupported.

I found this very useful in the productionof a textbook. The authorhadproduceda largenumberof hand-
drawn chartsandgraphsthatwereto beincorporatedinto thefinal text. UsingaflatbedscanneronaDOSsystem
at the university, I scannedeachof the imagesinto an epsfile. This wasaggravatedby frequentcrashesof the
DOSsystem,andthefileshadto bescannedat low resolutionto fit ontoafloppy disk.

Thequalityof thescanwasunuseablein thefinal text: line widthswerevariableandtherewasa lot of image
noise.I loadedeachepsimageinto XFig, tracedtheimage,andthendeletedtheepsimage.Theresultanttracing
wasof a form thatcouldbe incorporateddirectly into the text, with thebonusthat it wasnot only of far higher
quality thanthescan,but alsoa muchsmallerfile size.

Tracingthe imagewasfacilitatedby the XFig undo feature. In the processof tracing,I would periodically
deletetheepsimageto comparethetracingwith theoriginal. Then,whenI knew whathadto befixed,I would
undo thedeleteto restoretheepsimagefor furthertracing.

In anothercase,I wishedto produceanannotatedphotograph:a photographcontainingdescriptive text with
pointersto differentareasof thephoto.This is easy:import thephoto,markit up with lines,arrowsandtext, and
thenexportor print it.

Theprocedurefor importinga pictureimagetakesseveralsteps:

1. Ensurethatthepictureimage(foo.eps,for example)is in a known locationin thefile system.

2. Selectthepictur eobject tool by clicking on it. Nothinghappensjust yet.

3. UsingButton1 of themouse,draga rectangle(any size,it doesn’t matter)ontothedrawing canvas.

4. Click Button1 againto lock thesizeof therectangle.A dialogbox appears.
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5. Type the file name(foo.eps)into the file selectorfield and click on Apply. The imageloads into the
rectangle.

6. Click ontheuseorig sizebuttonto establishtheepsimageat its originalsize,or enterapercentof full-size
valueandclick theScaleby % buttonandthenclick theApply buttonagain.The imageadjustsitself to
thecorrectsize.

7. Click on Doneto exit thedialogbox.

Thepictureimagecannow berotated,movedandsizedasdesired.

6 Creating SchematicDrawings

Extremelycomplex electronicdiagramsmay be donewith easeusingXFig. I’ ve movedaway from pencil and
paper:onceI have a roughideaof the circuit, I draw it out usingXFig andthenproceedto analyseandtest it
further. Pencildrawingsnow seemtoo slow anddifficult to change.

I havecreatedalibrary of schematicsymbolsasonexfig drawing,calledsymbols.fig, which is shown in figure
3. In version3.2.1of XFig with theadditionof theLibrary Tool, thesesymbolshave beenincorporatedinto the
Electrical andLogic librariesto make it easyto createschematics.

You simply click on theLibrary Tool buttonto popup the library panelandpull down themenuof current
librariesandchoosetheoneyouwant.This loadsthelibrary of objectsinto xfig wherethey appearin ascrollable
list. Singleclicking onanobjectwill makeits imageappearin theObjectPreview window. Whenyouhavefound
theobjectyou wantpresstheSelectobjectbuttonto selectit andpopdown thelibrary panel.Doubleclicking on
theojbectnamewill selectit andpopdown thepanelin onestep.

Now, asyou move themouseover thecanvasyou will seetheobjectyou aredragging.If you needto rotate
it or flip it beforeplacingit, press‘r’ to rotateit clockwise(right), ‘l’ for counter-clockwise(left), ‘h’ to flip it
horizontally, or ‘v’ to flip it vertically.

Whenyou have it in thecorrectorientationandpositionon thecanvasclick mousebutton1 to placeit. You
canplacethesameobjectoverandoveragain.

If you want to selectanotherobjectfrom the library, click mousebutton2 andthe library panelwill popup
again.

As with all xfig operations,clicking mousebutton3 cancelsthelibrary operation.
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BesidesusingtheLibrary Tool, therearevariouswaysto usepartsof existing figuresto createnew figures.

The MergeLoad

To merge anotherdrawing into your drawing without destroying the drawing, underthe File menu,choosethe
figuretomergeandpresstheMergebutton.Thiswill mergethenew figureintoyourexistingfigureasacompound
objectwhich thenmaybemoved,scaled,etc.

Alternatively, you cancutandpastefrom anotherinstanceof XFig, asdescribednext.

Cutting and Pasting

Unix is amulti-taskingoperatingsystem,soit is possibleto invokemorethanoneinstanceof XFig. StartupXFig
twice: oneinstancewill beusedto draw thepicture,which I will call schematic.fig. Theotherinstanceshouldbe
started,andthefile symbols.figloadedinto it. I will call this symbols.fig.

It is now possibleto cutandpastesymbolsfrom symbols.figinto schematic.fig.

1. View thesymbols.figdrawing by openingits window.

2. Selectthecopy function.A little box ’handle’ appearswith eachsymbol.

3. RightClick (button3) on thehandle.A message’object copiedto scrapfile.fig’appearson thestatusline.

4. View the schematic.figdrawing by openingits window. Click on the PASTE function at the top of the
window, andtheselectedsymbolwill appearin yourdrawing.

If you only needa few symbols,you cancut andpasteoneat a time. If you needa bunch,make a groupin
symbols.figandpastethatgroupinto schematic.fig.

An exampleof a schematicdiagramcreatedwith this process,is shown in figure4.
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As time passes,you will build up a library of usefulfunctionsthat you canaddto the installedlibrariesor
yourown libraries.Or youcancutandpastefiguresfrom previousprojectsinto new projects.For example,I have
createdanelaborate68HC11boardschematicthathasbeenpastedinto variousprojectschematics.

Why not usea SchematicCAD Program?

Programsfor thedesignof printedcircuit boardsoftenincludea schematiceditor. Theprintedcircuit layoutsare
fine, but I’m not a big fanof theschematicdrawingsthey produce.Thedrawingsareoftendifficult to readand
do not show a logical flow from left to right, top to bottom.Thepointswherewiresattachto a symbolareoften
fixed,regardlessof thepositionof thesymbol,whichmakesfor aconfusingdrawing. Ontheotherhand,theCAD
schematicinterfacesdirectly with thelayoutfunction: if theschematicis correct,thelayoutwill becorrect.

It would be nice if it were possibleto convert a schematic,drawn underXFig, into a form that could be
importedinto a printed-circuitboarddesignprogram,suchasORCAD.

7 Incorporating Figuresin Text

XFig includesanExport facility, in which thefile descriptionmaybeexportedto differentfile formats.Themost
usefulonesareLatex Picture, Pictex, Postscript, EncapsulatedPostscript andbitmapformatssuchasGIF ,
JPEG, TIFF andseveralothers.

Thedifferentfile formatsallow figures,drawn in XFig to bereadbyothercomputerprogramsandincorporated
in varioustext documents.

Theadvantages,disadvantagesandusesof theseformatsareasfollows:

7.1 Latex PictureFormat

TheLATEX text processinglanguagehasa limited numberof drawing commands:circle,box,andline, andthese
maybeusedto draw simplepictures.For theLatex Picture format,XFig copiesout a descriptionof thepicture
in commandsthatcanbedirectly processedby LATEX. Thefile maybe calledinto themain text documentwith
theLATEXcommands:

\begin{figure}[htb]
\begin{center}
\input{figures/cooling-function.latex}
\end{center}
\caption{Cooling Functions}
\label{fig:cooling-function}
\end{figure}

wherethe figure to be incorporatedis in the sub-directoryfiguresandis namedcooling-function.latex. The
figurewill becentred,haveacaptionCooling Functions, andmaybereferredto in thetext by its symbolicname,
fig:cooling-function. (Thatway, theprogramnumbersthefiguresautomatically, andtheauthordoesn’t have to
beconcernedwith thatchore.)

Latex figuresareprocessedquickly, which is not thecasefor someotherformats.Onebig advantageof the
Latex Picture format is thatany LATEX symbolor mathematicalexpressionmaybe incorporatedin the picture.
In electricalengineering,onequiteoftenneedssuchsymbolsas

�
and � on drawings. This is accomplishedby

writing $\Omega$ and$\mu$ on thediagramwherethey arerequired. If the Text Flag for that text is setto
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Special, then it will be incorporatedverbatimin the descriptionof the drawing andLATEX will put the correct
symbolon thedrawing.

The Text Flagmay be accessedby selectingthe XFig Edit functionandthenselectingsometext. The edit
dialogbox thenpopsup andincludesaswitchthatcanmake thetext Special.

WhentheText drawing modeis selected,theSpecialswitchis accessibleundertheText Flagscontrolat the
bottomof thedrawing canvas.

7.2 PictexFormat

Therearecertaindrawing elementsthat LATEX cannotcopewith directly. For example,lines at certainslopes,
circlesof certaindiameter, andcontinuoussplinecurvesarenot allowed. To copewith this, the Pictex format
doesall drawing by placinga seriesof points.As a result,thethePictex formatcandescribeextremelycomplex
images,but thereis a priceto pay. ThePictex formatis bothlargerandslower to process(much slower) thanthe
Latex format.A documentwith many Pictex inclusionscanbringa 486-66to its knees,soit is bestto usePictex
only whenneeded.

ThePictex formathastheadvantagethat,like theLatex format,it canincorporateLATEX symbolsdirectly.
The incantationto includea Pictex imageis exactly the sameasshown above for a Latex image,with the

differenceof thefile namesuffix, which is .pictex, of course.
Thestartof theLATEX documentmustincludethestatement

\usepackage{piclatex} % Pictex drawing package

sothatit includesthenecessarymacrosto processpictex drawings.
(If you usethis package,youwill gettheseerrormessagesat thebeginningof processingthedocument:

l.1444 \setplotsymbol({\fiverm .})% ** initialize plotsymbol
l.1730 \setshadesymbol ({\fiverm .})% ** initialize plotsymbol

Simply pressreturnto getpastthis: themessagesmaybeignored.)

7.3 Postscript Format

Many printersacceptpostscriptformattedfiles directly. The Ghostview previewer may be usedto observe a
postscriptfile, andcanprint selectedpagesfrom the postscriptfile to a printer. Thus, if you werecreatinga
documentto betakento anotherprinterandprinted,youwould probablyexport to thepostscriptformat.

Whenexporting aspostscript,alwayspreview the imageusingGhostscript,to ensurethe imageis the right
sizeandorientation.

Postscriptimagesarenotdirectlyimportableintodocuments:thatis thefunctionof theEncapsulatedPostscript
format.

7.4 EncapsulatedPostscript

Thereis very little differencebetweena postscriptfile andan epsfile: only the differenceof the boundingbox
statement.Thepreambleof thepostscriptfile says

%%BoundingBox: 65 242 547 550

Thepreambleof theepsfile says

16



%%BoundingBox: 0 0 482 308

Thepostscriptfile specifiesan absolutepositionfor the image: the epsfile is intendedto beoffsetby some
amount,determinedby the programincorporatingthe diagram. This is useful to know, sinceonehasoften to
convert from one form to another, and this can be doneby editing the BoundingBox statement. The other
differenceis that the PostScriptfile containsa showpage commandwhich tells the printer to actuallyprint the
pageafterrenderingit.

EncapsulatedPostscriptfilesmaybeincorporatedin a LATEX drawing with anincantationlike thefollowing:

\begin{figure}[htb]
\begin{center}
\epsfig{file=figures/symbols.eps}
\end{center}
\caption{Schematic Symbols}
\label{fig:symbols}
\end{figure}

wherethediagramis in thefiguressubdirectoryandis namedsymbols.eps.
Thestartof theLATEX documentmustalsoincludethestatement:

\usepackage{epsfig}

to tell LATEX to incorporatethenecessarymacrosto processepsdocuments.
For reasonsnotedbelow, the processingof epsimagesis instantbecauseLATEX doesnot processthem. It

simply makesanoteof thelocationof thedrawing andits size.
Thebig disadvantageof encapsulatedpostscriptformatis thatit cannoteasilyincorporateLATEX symbols:the

XFig Specialflagdoesnotwork. Therearewaysto getaroundthis,but they arecomplicatedand,in my opinion,
it is easierto simply usethePictex formatwhenthediagramis complex andLATEX mathor greeksymbolsmust
appearon thediagram.

The Caseof the Missing Pictures

Thereis oneimportantthing to understandaboutincorporatingepsdocumentsin a LATEX document.Whenyou
processLATEX , it producesa .dvi (Device Independent)file. Thenthis file may be previewed usingthe viewer
programXDVI, which showsveryniceimagesof thegeneratedtext andits includedpicturesanddrawings.

Now, the epsfiles that constitutethe imagesin the documentarenot actuallyprocessedinto the text of the
.dvi file. The .dvi file includespointersto theepsfiles (andboundingbox information),andXDVI simply goesto
thosefiles whenit needsto displaya picture. This is fine: if you have anepsimagebeingshown by XDVI and
you edit theimagein someway, thenthatedit will bereflectedimmediatelyin theXDVI display:you don’t have
to re-LATEX thefile.

However, if you wereto carry the .dvi file to anotherlocationandthendisplayor print the file, the images
wouldnot bepresentunlessyou explicity broughtthemalong.

The solutionto this is to ensurethat any documentcontainingepsimagesis convertedto postscriptformat
beforetransportingit. Theprogramdvipsis commonlyusedfor this, andit inhalesboththe .dvi text file andthe
.epsimagefiles,andgeneratesa compositepostscript(.ps) file. This postscriptfile is now thefinal material,text
andpictures,andit canbepreviewedusingghostview.
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7.5 GIF Format

I have not actuallyusedthis facility (version2.1 doesn’t includeit) but it shouldmake it possibleto incorporate
XFig picturesin Windows-basedprogramssuchasWordPerfector MicrosoftWord.

Microsoft Word claimsto beableto import epsfiles, but it requiresa TIFF-basedpreview bitmapin theeps
file to view it on thescreen.It will, howeverprint correctlyevenwithouta preview.

But, if youwantto beableto seethefigureon thescreenyoucanexport from XFig to GIF formatandimport
thatinto MicrosoftWord. Youshouldexport it atamagnificationof 200%or 300%sothatwhenit is printedfrom
Word it hasenoughresolution.

8 Printed Cir cuit Board Design: Filled Ar eas

XFig canserve asa printedcircuit boardlayout tool for simplePC boarddesigns,whenmostof the circuit is
discretecomponents.It’snot really up to a complex designor onewherea largenumberof IC’sareinvolved,but
for analogcircuitsor preliminarylayoutof a design,it’squiteuseful.

Thefirst hurdleis thescalefactor. Integratedcircuitsandelectroniccomponentsarelaid outonahundred-mil
grid: 0.1 inchesor somemultiple thereof.TheXFig grid, on theotherhand,is sixteendivisionsto aninch. (This
refersto version3.2patchlevel 1 of XFig, andlaterversionsmaydiffer.)

Onesolutionis to definetwo XFig divisionsas0.1 inches. They areactually0.125inches,so the drawing
mustbescaledby a factorof 0.8 to producea full-sizedprint. Fortunately, thereis a Magnification functionon
thePrint dialogbox,whichcanbeusedto print at a magnificationof 80%.

To draw acopperareaonaPCboard,useoneof theclosedpolygonfunctions.Whenoneof theseis selected,
afill styleselectorappearson thebottomline of thescreen.Thedefaultfill patternis none. Popthiscontrolopen
andthenselecta desiredfill pattern.(To save ink, chooseoneof thelessdensepatterns.)

Now you’rereadyto createthedesign.
Usetheoutlinesfrom theElectrical Library file. Move thepackagesarounduntil you havewhat lookslike a

feasiblelayout.
Eachconnectionon thePCboard,betweentwo or morepins,is an islandof copper. To createanisland,start

by drawing anarbitraryshadedpolygon.Don’t worry abouttheshapeor sizeat this point, just getsomepolygon
drawn. Youcanusethesmooth-edgedpolygonor theonecomposedof straightline segments.

TherearethreeEdit Mode tools to modify the shapeof this polygon: move point, addpoint, deletepoint.
Whenyou selectoneof thesetools,theverticesof thepolygonareshown ashandles.Usingthethreetools,you
canmodify anddragthepolygoninto any shapeyou want. Adding andmoving pointsallows you to spreadthe
polygonto the requiredlocations.Removing pointsallows you to undomistakesor cleanup busy areasof the
drawing.

Whentheboardis finally laid out, print thedrawing at 80%(full size)andthenusea copierto print ontoan
adhesive film material. Peeloff the paperbackingandstick the now-printedfilm to a barecopperboard. (It’ s
importantthat theboardcoppersurfacebecleanandfreeof contaminants.Polishtheboardwith fine steelwool
until it shines. Thenwipe the boardwith nailpolish remover to remove any chemicalcontaminants.It’s also
critical thattheadhesivefilm bewell attachedto thecopper, andnot containany air bubbles.)

Usingtheprintedpatternasa guide,usea razorknife to cut away thefilm wheretheboardshouldbeetched.
Whenthis is complete,immersetheboardin ferric-chlorideetchantto createthefinal board.

An exampledrawing of a boardmadewith this techniqueis shown in figure5.
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9 Perf Board Layout

Prototypeelectroniccircuits areoften constructedon uncladperforatedboard. Wire wrap socketsanddiscrete
componentsaregluedto theboard,andthenwiresrun betweentheIC anddiscretecomponentpins.

Alternatively, sometypesof prototypeboardsuchasVeroboardhavecopperstripson thewiring sidethatcan
beusedto make connections.You install wire jumpersrunningNorth-Southon thecomponentsideof theboard
andconnecttheseto coppertraceson thewiring sideto run East-West. Thecoppertracesarebrokenat various
points,usinga twist drill to eataway thecopper. Theresultsarecompact,reliableandattractive.

XFig is usefulin layingout a prototypecircuit of this type.Thepartsarepositionedon thedrawing andlines
drawn to indicatethewiring connectionsthatwill take place.Onecolourof line canbeusedto indicatewireson
thecomponentside,andasecondcolourto indicatecopperconnectionsonthewiring side.Partsandconnections
canbemovedoverandoveruntil thedesignis optimizedfor neatnessandsize.Copperrunbreakscanbeindicated
on thedrawing.

Whenthedesignis finalized,it canbeprintedat full sizeandgluedto theperf board.Theprintedpatternis a
veryusefulguideto thepositionof components,connectionsandcopperbreakpoints.Thisgreatlysimplifiesthe
constructionanddebuggingtask:building theboardbecomesanexercisein following thedrawing pattern.

An exampledesignof this type is shown in figure6. Notice that theboardconsistsof two identicalcircuits.
This is wherea drawing programlike XFig is really useful: generatingthe secondlayout is simply a matterof
copying theoriginal.
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10 ScreenCapture to Xfig

Theprogramxv is anotherwonderfullyusefulprogramavailablein theUnix world. It is ageneralpurposeimage
captureandmanipulationprogram.

For thisdocument,weneededimagesof thetoolbarsof theXFig program.Fortunately, amongits many useful
features,xv hasa grab functionwhich allowsoneto captureanareaof thevideoscreen.

First,xv wasusedto grabthetoolbarareaof anXFig window. Then,usingotherxv tools,theimagewasthen
de-coloured(convertedto grey scale)andthresholdedto a black andwhite image. The xv ’crop tool wasused
twice on theblack-whiteimageof theXFig toolbarsto make to thedraw andedit toolbars,which weresavedas
postscript(ps) files. (Thereis no optionto saveanimageasanepsfile, sopostscriptis thenext bestthing.)

Eachpostscriptfile wasthenloadedinto XFig, markedup with textual annotations,andsavedasanepsfile.
Ghostview wasusedto preview theseepsfiles to ensurethat everythingwasthere.Theepsfile wasthencalled
into theLATEX documentto make thedesiredfigure.

Astonishingly, it all worked.
You canalsocapturewindowsandareasof thescreenusingthePictureObject feature,but XFig unmapsall

of its windowsfrom thescreenduringthisoperationto ‘get outof yourway’ soyouwouldhaveto run two XFigs
at thesametime anduseoneto capturepartsof theother.
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