2. Mathematica

m 2.1 Introduction

Mathematicas a generapurposecomputeralgebrasystem.Thatmeanst cando algebraic
manipulationgincludingcalculusandmatrix manipulationjandit canalsobeusedto draw
graphs.SeeAnton, Bivens& Davis(Calculus8th ed) sectionl.2for anoverviewof what
computeralgebrasystemsando andseetherestof the bookfor manyspecificexercises
intendedto bedoneusingcomputeralgebra.

m 2.2 Starting Mathematica

Starting Mathematica from an X-terminal (Maths)

Typethecommand'mathematicaandpressRETURNor ENTER (in acommandwvindow,
xterm or kconsole)anda Mathematica notebookinterfaceto the systemopen.(If awindow
popsup complaiingaboutfontsnot properlyinstalled justclick ‘continue’ astheyare
actuallyinstalled.)

All themathsserverq boole,bell, gossettgrahamgraveshamilton,jbell, salmon stokes,
synge turing, walton) havemathematican thembut the numberof simultaneousisersof
Mathematica is limited. If thenumberof userds exceedean your server typethe nameof
anotherto getawindow actingonthe newserver.Try againthere.

The notebookinterfaceis the usualoneandis quite sophisticated(lt wasusedto create
thesenotes for instance.)

Whenthe systemstartsyou get3 windowsimmediately Oneis the mainwindow whereyou
do yourwork (calleda notebookwindow) andanotheiis a paletteof symbolsthatyou can
useto inputsome(but notall) instructions A third oneis mainly a nice pictureandyou can
stopit comingup again.The"TenminuteTutorial" in this 3rd window maybeuseful.You
cangetto thetutorialanytime youwantby anitemunder'Help". We will notmanageall
thetopicsin the 10 minutes!

By usingthepalette you canhaveyourinputlook somewhatike standardnathematical
notation(with superscripfor powers fractionsthatlook like fractions,andafew othernice
things).However everythingcanbe donewithout usingthe paletteandthe palettedoesnot
provideaccesgo thefull rangeof Mathematica featuresForthatreasonthesenotesoften
ignorethe paletteoptionsin favourof text—styleinput.
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Using Mathematica outside the Mathematics department

Mathematica is availableon PCandMacintoshcomputersaaroundCollege.Notebooks
createdonthesecomputershould(in principle) bereadabldéy the Mathematica onthe
mathematiceomputersystemprovidedyou cantransferthe notebookfile (the.nbfile)
from onesystemo the other.ftp is oneway to do that. Email attachmentss anothemvay.

m 2.3 Mathematica commands

Mathematica hasa largecollectionof Mathematicafunctionsit knowsabout.Thereis a
whole bookaboutthem,in fact,andall we canhopefor is to learnenoughto do for our
pUrposes.

Thereis amethodin theway Mathematica choosests namedor things— generallyit uses
oneof thecommonlyusednameswith thefirst letter capitalised. Also argument®of
functionshaveto bein sguare brackets, ratherthanroundbracketsasis morecommonin
mathematicalisagdike f(x). Followingthislogic, Cos[x], Sin[x], Tan[x], etc,arethetrig
functionsin Mathematica—speak.Thecommandor drawingagraphis Plot[] andthe
commandor drawingparametriggraphdss ParametricPlot] (insidethe squarebarackets,
you mustspecifyatleastthething to be plottedandthe rangefor the plot, separatethy a
comma— we will comebackto this later).

After this explanatiorof theway Mathematica doesthings,andwith someexperienceyou
may be ableto guesgheright Mathematica namefor afunctionyou want.

In the notebookinterface you typeinstructionsandpressShift—Return attheend(hold
downthe Shift buttonandpresshereturnkey). Anotherway thatshouldwork is to presshe
Enterkey onthenumerickeypad(extremeright of mostkeyboards).

m 2.4 Online help (text mode)

If youthink yourememberor justguessthe namefor a function,you cangetacryptic
summaryof whatthe systemknowsaboutthe namewith the questionmaricommandFor
example supposé wantedto find outthefactorsof anumber. cantypein ?Factor{and
pressShift—-Return)andhereis whatl get(it comesoutjustjustbelow).

? Factor

Factor [poly] factors a pol ynom al over the integers. Factor [poly, Mdulus->p] factors a
pol ynomi al nodulo a prime p. Factor [poly, Extension->{al, a2, ... }] factors a pol ynoni al
al l owi ng coefficients that are rational conbinations of the al gebraic nunbers ai.

Thisis clearlydesigendo factorpolynomials(suchasperhaps¢c + 2x + 3, for example).
It mightbeuseful,butis notwhatl wanted.Thereis anotherform of the questionrmark
commandwith a* attheendwhichwill tell meaboutanythingMathematica knowsabout
beginningwith Factor.
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? Factor*

Fact or Fact or Li st

Fact or Conpl et e Fact or Squar eFr ee
Factori al Fact or Squar eFr eelLi st
Factorial 2 Fact or Terns

Fact or | nt eger Fact or Ter nsLi st

We canthenlook for informationon Factorintegeto seeif it is whatwe want.

? Factorinteger

Factorlnteger [n] gives a list of the
prime factors of the integer n, together with their exponents

Thereis aslightly longer(usuallymoretechnical)descriptioravailableusinga double
questionmark. Thus??Factorintegexould tell you somemoreintricaciesaboutthe
Factorintegefunction.

m 2.5 The help menu

Thereis amoreconvenien{andmoreinformative)help systemavailablethroughthe"Help"
menubuttonat thetop of the notebookwindow. Chooseheitem"Masterindex..." in that
menuandyouwill getanewwindow which providesonlineaccesgso thewhole
Mathematica book. The bookhasa "Practicallntroduction“thatgivesa brief accouniof
whateachMathematica functiondoesandprovidesreferenceso the sectionof the book
wherethefunctionis explained Also therearesometime&xamplesn thesummarylf you
click onthelinks (highlighted)you shouldcall up the pageof thebookreferredto.

m 2.6 Number Theoretic Examples

We cantry out someof thesecommands little, now we know aboutthem.

Factorinteger [7953]

({3, 13}, {11, 13}, {241, 1}}

This meanghat7953hasthreeprimefactors,3, 11 and241andthateachoccursjustonce.
Soif we multiply these3 primes,we shouldget7953.

3% 11 » 241

7953

m 2.7 Algebra

Herearesomesimpleexamplef Mathematica doingalgebraiccalculations.Basically,
althoughMathematica cando arithmeticcalculationsijts mainstrengthss thatit cando
algebraNotetheuseof Expand[] andFactor[] to tell Mathematica whatwe wantit to do.
(Remembethe Shift—-Return.)
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X"2 +2X + 3

3+2X +X2

Factor [X"2 + 2X + 3]
3+2X +x2

Expand [ (x + 1) (X + 2) (X +3)]
6+11x+6x2+x3

Factor [x"3 + 2x -3]
(-1 +X) (3+X+x?)

Herewe haveinputthe powerusingthe exponentiatiorsymbol” (andwe couldneed
parenthesiss theexponenis acomplicatecexpressionike a+1).Usingthe palettewe could
insteadinput the samething with a nicersupescriptayoutin theinputside.

Factor [x® + 2Xx - 3]

(-1 +X) (3+X+Xx?)

Or, thereis away to do this without usinga palette wherewe usethe key combination
Control” to startthe superscrip{power)andthe combinationControlspaceo finish the
superscript(Hold downthe Controlkey andthenpresshe otherkey.)

Using eitherof thesetechniquesyou canmakeyour inputlook morelike theway you are
usedto writing mathematicalormulae thoughof courseit is anextracomplicationto have
two or threewaysto do things.

(x +1)710
(1+x)1%0
Expand [ (x + 1)”710]

1+10X +45x2 +120x3 +210 x* +
252 x° + 210 x5 + 120 x7 + 45 x8 + 10 x° + x10

An importantfacility in Mathematica is the ability to solveequationsbothexactly
(symbolically)with Solve[] andnumericallywith NSolve[].

Solve [X"2 + 5Xx + 2 == 0, X]
({(x~> 5 (-5-VI7T)}, {x> 5 (-5+¥I7)})
NSolve [ X2 + 5Xx + 2 == 0, X]

{{X > -4.56155}, {x - -0. 438447}

You mightwantto notethatwe needto specifythe equatiornto be solvedwith adouble
egualssign== andalsowe needto saywhatunknown(in this casex) to solvefor. The
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reasorfor the==asopposedo = is thatMathematica usesa single= to meanan
assignmentio maketheleft handsideof the = havethe valueof theright handside.We will
cometo usingthis assignmentacility laterin thecourse.

You mightlike to knowthatthereis agenerapurposea\[ ] commandn Mathematica to get
the numericalvalueof anyexpressionSoa nested

N[Solve [x? + 5X + 2 == 0, X]]
[{X > -4.56155}, {X > -0.438447}}

will alsowork in this caseinsteadof usingNSolve.In factNSolve[] is identicalwith
N[Solve[]]. Thereis anotherrommandrindRoot[] which cansucceedn finding a
numericalvaluefor a solutionwhereSolve[] andNSolve[] mayfail. FindRootgivesone
solutionandyou haveto tell it a startingvalueof theunknownwhereto look for a solution.

FindRoot [ Cos[x] == X, {X, 0}]

{x - 0.739085}

m 2.8 Notation and Rules

Theremarksaboveaboutthe differencebetween== and= indicatethatit is timeto spellout
the basicrulesandnotationusedby Mathematica for interpretingwhatyou type.

Addition, subtractioranddivision are+, — and/. For multiplicationtherearequitea few
options(3 altogether)Looking backoverthe previousexamplesthereareexamplesvhere
we used* for multiplication(asin 3* 11* 241)butthere areotherexamplesvherewe did
not putin any* (for examplethe5 x + 2 in thelastequationcouldbe5*x + 2). So
Mathematica will interpreta spacebetweertwo quantitiesasmeaningmultiplicationin
casesstandardnathematicahotationwould takethatmeaning gxceptthatsquaredrackets
areusedasindicatingargument®f functionsandcurly bracketq } haveanotherspecial
purposgfor lists of items).Oridinaryroundbracketq ) havea groupingaffectasin
ordinaryalgebranotation,butather types of brackets cannot be used for grouping terms.
Thuswe wereableto write (x +1)(x +2) wherewe might havebeenmoreexplicit aboutthe
multiplicationbetweerthefactorswith (x + 1)*(x + 2). Sowe canindicatemultiplication
with astar*, or aspacepr sometimedy juxtapositionwithoutanyspaceneededThis latter
possibility (leavingoutthe space)s availablefor exampledike (x + 1)(x + 2) wherewe
meanto multiply groupedhingstogetherandalsoin the caseof numericalquantitiesimes
variables suchas2x. Fortwo timesx, we canwrite 2*x, 2 x (with aspace)r just2x (no
spacebetween)Noteagainthat

[X +1][X+2]
Syntax::sntxb : Expression cannot begin with " [x+1][x+2]".

[X+1] [X +2]

producesanerror.Only round brackets (parenthesesjanbe usedfor grouping.
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All thislooksgood,butthereis a differencebetweerMathematica notationandordinary
alegebranotationwhenit comesto multiplication.If we havetwo quantitiescalledx andt,
andwe wantto multiply them,we mustputin the* or elsea spacgx*t or x t arebothok).
The catchis thatMathematica will treatxt (no spacean betweenysanewnamefor anew
quantity.You canseethis of we divide x*t by x andseewhatwe getwith the*, with aspace
andwith no space.

X*t /X
t

Xt /X

t

Xt /X

xt.
X

This mayseemo beasilly way for Mathematica to do things,butit hasthe advantagehat
you canusenamedor quantitieshatarelongerthanoneletter.So,for example we could
use"mass"for massand"time" for time,andthatmightbe clearerthanhavingto abbreviate
themassomethindike m andt.

mass / (mass * time )

1
tinme
mass / (mass xtime )

a ms?2
masstinme

Notethatthespacesn the"m ass" meanthatMathematica treatsit asm*a*s*s
Observehatwe havebeenusingthe hatnotationfor "raisedto the powerof".

The/ notationfor divisionis the standardvay to indicatedivision or fractions,but aswith
Control” for powersit is possibleto input fractionssothattheylook like fractions.You can
do thatwith the paletteor by typing Control/ to enterthedenominatoandContolspaceo
finish thedenominatorOneadvantag®f thesemethodsapartfrom makingit easieito read
theinput,is thatyou don’t haveto put parenthesearoundyour numeratorand
denominators.

s
mas ———
mass * time

ams?
massti nme
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m 2.9 Differentiation

D[ax Cos[x*] - )il’ x]
a Xx)z - 11x +aCos[x?] -2ax?Sin[x?]
+

m 2.10Integration
Integrate [ x Cos[x], X]
Cos [X] +X Sin[X]
Integrate [ x Cos[x], {x, 0, Pi}]
-2

Thesewereexamplef indefiniteintegration(no limits) anddefiniteintegration(with
limits). Pi (with a capitalP) is thetextway of inputtingthe numbermpi. With the paletteyou
could entertheusualsymbolfor Pi andyou couldalsomaketheinetgrallook like an
integral.
Jnx Cos[x] dx
0

-2

m 2.11 Solving differential equations
DSolve [ D[y [Xx], X] - ay[x] == 0, y[x], X]
{{y[x] »E**C[1]})

We neededo tell DSolvethedifferentialequationthe unknownfunctiony[x] andthe
independenvariablex.

m 2.12 Plotting

As mentionedalong while back,thebasiccommanddgor ordinarygraphss Plot[ ] andthe
commandor paramentiglotsis ParametricPlot]. We canusethe doublequestionmark
helpfacility to seethattherearea hugevariety of waysof controllingtheway a Plotcomes
out, dependingon whataspecbf thegraphsyou think needgo be shown.
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?? Plot

Plot [f, {x, xmin, xmax}] generates a plot of f as a function of x fromxmn
to xmax. Plot [{f1, f2, ... }, {x, xmin, xmax}] plots several functions fi.

Attributes[Plot] = {HoldAl I, Protected}

Options[Plot] = {AspectRatio -> CGol denRatio” (-1), Axes -> Automatic, AxesLabel -> None,
AxesOrigin -> Autonmatic, AxesStyle -> Automatic, Background -> Autonati c,
Col or Qut put -> Automatic, Conpiled -> True, DefaultColor -> Automatic,
Epilog -> {}, Frame -> Fal se, FraneLabel -> None, FrameStyle -> Autonati c,
FraneTi cks -> Automatic, GidLines -> None, |nageSize -> Automati c,
MaxBend -> 10., PlotDivision -> 30., PlotLabel -> None, PlotPoints -> 25,
Pl ot Range -> Automatic, PlotRegion -> Automatic, PlotStyle -> Automatic,
Prolog -> {}, RotatelLabel -> True, Ticks -> Automatic, DefaultFont :> $Defaul t Font,
Di spl ayFunction : > $Di spl ayFuncti on, Format Type : > $Format Type, TextStyle : > $Text Styl e}

If wewantedto ploty = (x + 1)/(x*2+ x — 2) overtherangex = -5to x = 5, thecommand
Plot[ (x + 1)/(x"2+ x — 2),{X, =5, 5} ] would do areasonablgb. In thefollowing example,
| haveaddeda PlotRangeoptionto controltherangeon they—axis.(Withoutthat! think
Mathematica choosegoo big arange.)

Plot [(x + 1)/ (X"2 + x - 2), {X, -5, 5}, PlotRange -> {-5, 5}1]

- Graphics -

For anexampleof aparametriglot, | usehyperboliccosineandhyperbolicsineasa
parametrizatiomf the hyperbolax*2/4 - y~2 = 1. (You will learnabouthyperbolic
functionslaterin theyear.)
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ParametricPlot [ {2Cosh[t], Sinh [t]}, {t, -2, 2}, PlotRange -> { {-5, 5}, {-5, 5} 1}]

\

- G aphi cs -

This graphactuallyshowsonly the half of the hyperbolavherex > 0. Thereis amirror
imagehalf for x < 0.

m 2.13 Printing

The easiestvay to print outgraphsandotherwork you doin a Mathematica notebookis to
usethe"Print..." menuitemyouwill find underthe"File" menu.You getallittle menuto fill
in. You shouldselect'A4 letter” papersize,untick the File box andtick the Printbox (just
click with theleft buttonof your mouse) We don’t really supportprinting in mathsnow and
soyou needto usethisin a Collegecomputeroom.

m 2.14 Saving and reloading

With thenotebookinterface you cansaveyourwork to date.Usethe"Save"or "SaveAs"
menuitemin the"File" menu.You shouldsavethe notebookwith a moreusefulnamethan
Unititled—1.nb(butyou shouldkeepthe extensiomb for savednotebooks).

If youthenstartMathematica atalatertime, you cangetbackyour earlierwork. You cando
thisin two ways.StartMathematica asalreadyindicatedandusethe"Open..." itemin the
"File" menuto openyour earliernotebook Anotherway is to startMathematica by giving
the command'mathematicanywork.nb"(replacemywork.nbwith theactualnameyou
savedt under).

Whenyou reloada notebookthis way, Mathematica will notrecomputeanything.If you had
definedyour own variablesor functions(we will do thislater),thesedefinitionswill notbe
activeuponreloadingthe notebook.Y ou mustre—activateor recomputeany suchdefinitions
by selectinghemandpressingsShift—-Return.Thereis alsoa menuitem under'Kernel’ —>
‘Evaluation’ to recomputeeverythingin the notebookin onefell swoop.
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Bug: Therewasa smallproblemwith theimplmentationve wereusingon the mathematics
systeml amnotsureif it is still there.lt causedathematica to makea mistakeabout
which directoryit is working in (sometimesandthe effectis thatyou cannotsaveyour
work whenyou do "SaveAs". If youlook carefullyatwhereit is trying to saveyour work,
you will seetheproblem.Mostof you havehomedirectoriescalled/u4/science/2008/xyz/
(wherexyz is replacedoy your username) Mathematica sometimeseplacegheu4 atthe
beginningwith somethingelse.Click onit andfix it.

m 2.15 Defining your own variables and constants in Mathematica

Mathematica treatseverythingit doesnot alreadyknow aboutasthe nameof a new
unknown.We sawthatanx ory or a canbeintroducednto a formulaandMathematica will
manipulatewith it asanunknown(numerical)quantity.

In mostcomputerdanguagesyou cannotdo that, butyou cansaythatx is goingto bea
numberandcalculatewith x afteryou havegivenx avalue.Mathematica makest easyto
calculatewith x evenwhenx hasnotyetgotavalueassignedo it. However Mathematica
alsoallowsyouto give avalueto a"variable".Forexamplejf we weregoingto haveto
referseveratimesto anumber321.456Ave might preferto denotethis numberby theletter
c (say),or someotherletterthatseemedappropriaten the context.We do thisin
Mathematica by thecommand

c = 321.4567

321. 4567

Thesingle=is aninstructionto put c equalto theright handside.(Remembethedouble==
we hadto usein equationdor SolveandNSolve.)

Whenevemve referto ¢ from now on (duringthis sessiorof Mathematica calculations),
Mathematica immediatelyreplacest by 321.4567 For example

2c -1

641. 913

Oneadvantagef thisis thatwe cantypein formulaeinvolving ¢ andtheycanlook more
digestablehanformulaewith 321.45670ccurringin severaplaces Anotheradvantagés
thatwe cancalculatethe sameformulaagainwith a differentvalueof ¢

Onethingto watchoutfor is thatif you makesomethinghaveavaluein thisway, it is no
longeravailableasavariable.Forexamplethe sequencef steps

X = 3

3
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D[x"2, x]
Ceneral::ivar : 3 is not a valid variable.
039

generates complaintbecause hasbecome3 andsoit doesnot makesenseo differentiate
372 with respecto aconstanB. To getout of thismesswe cantell Mathematica to forget
thatwe putx equalto 3 with the Clear[] command.

Clear [x]
D[x"2, x]
2 X

In Mathematica we cancombinethe ability to dealwith unknownswith the ability to assign
valuesto things.We canmakea letteror namestandfor a wholeformula.

y = (X+a)y/(x-a+1)"2
a+ X
(1-a+x)?
DIy, X]
1 2 (a+Xx)
(1-a+x)%2 (1-a+x)°3

m 2.16 Defining your own functions in Mathematica

This methodof usingaletterto standfor aformulais handy,butit hasits drawbacksThe
function notationf(x) we usein mathematicss frequentlymoreconvenientFor examplejo
evaluategheabovey ata particularx (sayx = a) we cando it with thefollowing rather
awkwardnotation.

y /. X =>a

2a

Mathematica allowsyou do defineyour own functionswith your own namesThereafter
thesefunctionswill behavdike thebuilt in functionssuchasCos[] andExp[]. As for the
built in functions,we mustusesquarebracketd ] to surroundvhatwe areapplyingthe
functionto, ratherthantheroundbracketsve areusedto in mathematicahotationf(x).
Whendefininga function,we mustusea specialunderscor¢o denotethingsthatarefreeor
independenvariablesn thefunction.(The underscoreis used only on the left hand side of
the definition.) Hereis anexampleof howto definea functioncalledf thatwill havethe
valuef(x) = x — cos(x)andag(x) .

flx ] = x — Cos[x]

X - Cos [X]
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gx] =X +a/;x -a+ 1)"2
a+ X
(1-a+x)?

We cannow evaluateheseat particularvaluesof x.
f[1.0 1 g[a]
0. 919395 a

Thereis alsoanalternativeway to work out derivativesusingmoreor lessthe usualf’(x)
notation.

DIg[x], X]

1 2 (a+X)

(1-a+x)°2 (1-a+x)°3

9’ [x]
1 2 (a+X)

(1-a+x)°2 (1-a+x)3

glal + g’ [a] (x - a)
2a+ (l-4a) (-a+x)

m 2.17 Summations

Mathematica understanda versionof the"Sigma"notationfor sums.In caseyoudon’t
know,

6
Z (N2 +n + 1)
n=1

meangheresultyou getby evaluatingn® + n + 1 for eachvalueofnin 1, 2, 3, etcupto 6
— andthenaddthesevalues.Herewe calculatethevalues.

6
Z (N +n + 1)
n=1
118
(12+1 + 1)+ (22+2 +1) + (32+3+1) + (42 +4+1) + (52+5+1) + (62 +6 +1)
118
Without usingthe palette theway to inputthisis with the Sum[] command.

Sum[n™*2 +n + 1, {n, 1, 6}]

118
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m 2.18 Lists, vectors and matrices

In Mathematica, a symbollike x doesnot haveto standfor anunknownnumber It canalso
be somethingpf anothettype.

We haveseenatleast3 typesof objectsin Mathematica: numericalconstantglike 3 or Pi),
numericalvariablesandfunctionidentifiers.Whenwe definea functionf[x], thenf becomes
anidentifier (or name)for afunction.lIt is importantthatf is followed by squarebracketq ]
for the systento recogniset asafunction.The predefinedunctionslike Sin[], Cos[], etc
aretreatedn thesameway.

Anothertypeor classof objectin Mathematica is alist. Basicallywe canhavelists of almost
anything.

However,thesimplestcases alist of numbersThesemightbealist of datapointsfrom
someexperimentpr alist of valuesof somefunction.Onesimplecaseis alist of two
numbersx andy which we takeasthe coordinate®f a point. In Mathematica we cansay
somethings alist by enclosingt in curly bracketq }.

p=1{2 5
t2, 9}

Fromthe pointof view of mathematicsywe usuallyuseroundbracket9 = (2, 5), butcurly
bracketsarewhatMathematica needs.

We cangetattheentriesin alist with doublesquarebracketsLet’s askfor thesecond
coordinateof p (or asfar asMathematica knows,the secondentryin thelist p)

pPl[2]]
o

Thereis arepetitionoperator(in the samemouldasSum[]) for buildinglists, calledTable[
]. Hereis alist of thefirst 5 primesnumbers.

Table[ Primel[i], {i, 1, 5} ]
{2, 3, 5, (, 11}
It might not seemnatural but Mathematicaiseshe samdist ideato dealwith matricesWe

canlook ona?2 x 2 matrix alist of two rows,whereeachrow is alist of two numerical
entries.

R

{{a, b}, {c, d}}
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You canseel madeit look a bit like amatrixwhenl typedit in, but Mathematicachoedt
asalist. If | calculatech matrixandwantedto printedit outto look like amatrix, | canuse
the MatrixForm([] call.

Mat ri xFor i A]
(e a)
c d
The basicinput paletteis very usefulfor enteringmatricesThereis a2 by 2 matrixin the
standardoalette Click with theleft buttonon thelittle matrixin the paletteanda 2 times2

matrix with blobsasentrieswill showupin your notebookFill in theblobsby selecting
themwith the mouseandtyping or you canusetabto getto the nextblob.

{{a, b}, {c, d}}

You canseethelists arestill visible in the echo(afterpressingsShift—enter) butthisis a
convenientvay to typein matrices UseControl-commao geta newcolumnin the matrix
aftertheonewhereyou aretyping anduseControl-returrto getanextrarow.

45 o)

{{1, 2, 3}, {4, 5, 6}}

biggermatrix = (

Matrix multiplicationneedsadotratherthana*. Otherkindsof matrix operationsarealso
available butthesewill notmakesenseauntil you learnthe mathematicatoncepts little
later.

MatrixForm [ B. biggermatrix ]

a+4b 2a+5b 3a+6b
c+4d 2c+5d 3c+6d

R. Timoney(November2006)



