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1 First Five minutes with Mathematica

B The Sh lft + retu rn operationsendsinstructionsfrom

theinterfacewhereyouaretypingtotheengi neof Mat hermati cafor processi ng
B Youwi |l noticeright awaytwo peculiaritiesof thesyntax

» the N@AMes of all Mathematica functions and constants

beginw th Capital IetterS. Mat hemat i cai s conpl et el ycase -sensitive

Example
sin[pi /3]

Vs
Sin[Pi /3]

s Brackets types

[] -areal waysusedtoencl oset he argunent sof functions
{} -areusedin Mat hemati cat o grouppi eces of datatogether -form ngstructurescalledlists
() —areusedonl yfor groupi ngexpressions
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2 Our First Encounter with Mathematica

mar workiswitteninaNOTEDOOK, thisdocunent i s anot ebook,
just I'i keworkingw thWrdor ot her word processi ngenvi ronnent

B The basi c el enent of anot ebooki s ace”,
whereeachcel |l i sencl osedw ththebl uebracket ontheright
B W make our cal cul ati oni nt he not ebook,

thenwe sendthecal cul ationtothe kel’nel. The kernel perform
thecal cul ati onand sendstheresult backand presentit w thinanewcell

Untitled-2 *

InfE= x+ ¥y
Out[f= X=¥

In[4]= FollForm[x+ v¥]

Ot [$]4FullF orm=
Plus [z, vy
K SNR
MIMOCorrCapacity[M , M , SHR , K ] := L.og[?, 1+MN ]
- - - = K + SR
plotsnrl =

Plat[{lﬂlﬂ(‘orrﬂ:apacit]ﬁ.. 5, 10°0.1, K], MIMDCorrCapacity([5, 1, 10*+0.1, K],

MIMDCorrCapacity (1, 1, 10*0.1, K]}, {K, O, 80},
AxesLabel -+ {"K", St‘jle?om["E [bits/sec/Hz]", FontFamily - "Courier”™,

Font$ize + 14]}, PlotRange -+ All]:
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brackets

~..Cell
insertion bar

&

B Eachinput cel | i s nunberedsequantially

m Use , when youwant t he out put not tobeprintedonthescreen, yet anoutput cell i sgenerate

Example
2+1
2 +2;

B The per cent si gn, % i susedtonean “thel ast out put”
Example

%

%+ 1
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%%

Exercise
1 Typeinandtest all thecodeinsection2

3 Arithmetic

At itssinplest, Mat hemati cacanbet hought of as ahi ghly
sophi sticatedcal cul ator. Li keacal cul ator, it doesarithnetic

Example
2+5

2x5

215

100!
Sin[Pi /3]
Sqrt [50]
27 (1 +4)

Log[2, %]
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B Aspacecaninplicitlyneanmul tiplication

3.1 Basic Math Input — Pallet

Some of t he above cal cul ati onscanbel ai dout i naway t hat corresponds nore
closel ytoconventional mat henati cal notati onby usi ngthe Basi clnput palette

Basic Mat... [X]

oo

oo
n
T
=

L]
L]

*
|

[ & A = = W = # -

omo B owa B own o g x w

1
e oA oA o oW L ]

e -
B@ oo w o= om T

BFindit inthePal ettesnenu
BThisisespeciallyuseful whenyouneedtobuil dupl argeexpressions

Sin[30°] + Cos[60 °]
2x5
25

21+4
s n[g]
sin[ ]

V50

B Nuneri cal val ues of theseconstantsaregivenfor anyrequiredaccuracyusingthe N comrand
N[V50, 1]
N[«/so , 5]



Introduction 2 Mathematica 4 ECE.nb | 5
N[rx, 50]

B known constants
Pi
E

E//N

Exercise
1 Typeinandtest all thecodeinsection3
2 Trythefollow ng:

B-21)*(1+1)
(L+51)2
Conj ugate[2-51]

Abs[12-51]

Arg[1+\/3_l]

Exp[l+ |]

4 Algebra & Calculus

As wel | as beinganarithnetical cal cul ator, Mat hemati cai s al soan al gebrai cone
Example

Expand[ (x +2y)? (x -3Y)°]
Fact or [%]

1 ]
B EquationsinMthematicaareset upusingadoubl eequal ssign ==

m The SOlve commandtriestofindexact sol utionstoal gebrai cequations
Example

Sol ve[xZ-BX+2== 0, x]
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Sol ve[x4+3x3+5x2—11x+2==0, x]

Solve[{X +4y =5, 2x -y =8}, {X, Y}]

B Mat hemati cawi | | performcal cul usoperationstoo
Example

D[x2, x]
8y x2
Example

D[y X2, x]

Example

Integrate[x ~3, x]

J&3dx

Example

Integrate[x®, {x, -3, 3}]

3
J‘x3dx
-3

Example

J yZx dx dy

B The Nlnteg rate conmand uses nuneri cal i ntegration

met hods: essenti al for those cases whereanal yti cal approacheswoul dbedifficult orinappropriate
Example

Nl nt egrate[Si n[x], {x, 0, 1}]

Esonefunctionscanbenunericallyor synbolically
Example

Integrate[Sin[x], {x, 1, 2}]

NI ntegrate[Sin[x], {x, 1, 2}]

Exercise
1 Typeinandtest all thecodeinsection4

2 Use Mat hemati cat o express intermsof itsreal andi magi naryparts

+
3 Trythefollow ng



t 2 X
sl irpeoyrpend

Toget her [%]
Expand[(3+2x)2 (x+2y)2]
Col | ect [%, X]
Expand[ (3 +2x)% (x +2Y)?]

Si npl i fy[%]

X"2+5X +6
Cancel[—S]
X +
X"2+5X+6

Numerator[ 13 ]
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4 opent he Al gebrai c Mani pul ati onpal ette (under Pal ettesintheFil enmenu). This
pal ettehasthesetting"Eval uate in Place". Tofindout what thi s nmeans, first type,

wi t hout eval uati ng, j

andclickonthe Aparim] button. Wt hthesane pi ece of t ext sel ect ed,

clickon

I nvestigatetheuseof theEval uatei nPlaceinstruction,

5 Type
Sum[1/r”~2, {r, 1, 6}]
or

6
1

r2
r=1
Try summi ngfromlto20
Try sunmingfromlton,

2+3x+x2

2+2X +x2

Together[m] Try using Expand[m] ’

Thensel ect thefractioninsidetheintegral,

under Eval uati oni nthe nenu

andfromltoinfinity (InfinityinMthenmatica or usethewsynbol fromtheBasiclnput pal ette)

6 solve

B the ordinarydifferential equation,

+y =0, using the DSolve function

B thisdifferential esubject to the inital conditions {y (0) =1, y" (0) =1}

5 Assignment

nane expr essi onswhi chyouw | | want t ouse agai n

Example
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) 2X
expressionl=

(1 + X2) (1 +x)
expressi on2 = Apart [expressi onl]
expressi on3 = Toget her [expr essi on2]

TrueQ[expr essi onl == expr essi on3]

B Noticethefinal Qinthefunction

name: thisisaconventionfor | ogical functions (thosewhoseoutputis Trueor Fal se)
B \W\& can make expr essi onli nt o an unassi gnedsynbol agai nby cl earingitsval ue
Example

Cl ear [expressi onl]

B Qui tingour Mat hemati casession [Evaluation - QUit_Kernel) will

clear all assignnentsprettyeffectively, andl eaveeverythingclear for our next go

Bitissoneti nesnnreappropriatetoavoidg|0bal

assi gnnent sof t hi stypeandopt for |Oca| substitutioninstead
Example
Conpar et he f ol | owi ngpi eces of code,
each of whichainsat findingtheval ueof theexpressionx2-5x+9at x =3
Hereisthefirst one

C ear [x]

X =3

X"2-5%x+9

Cl ear [Xx]
Hereisthesecond

X"N2-5x+9/. Xx-»3

6 Common Mistakes

nanes of al | Mat hemati cafunctionsandconstantsbeginwithcapital letters
() i nsteadof []

[1insteadof ()

NI ntegrate[Sin[x], X, 0, 11 » Nintegrate[Sin[x], {x, 0, 1}]

Pl ot [xSin[x], {X, 0, 1}]1 »Plot [x_Sin[x], {x, 0, 1}]

Thesearenot thesane -» f (x), f[x]

Sol ve[x"2-x =1, x] » Solve[x"2-x ==1, X]
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7 Functions

7.1 Builtin functions
B Mat hemati cahasabiglibraryof builtinfunctions
B abuiltinfunctionsisallwayscapitalized

- Ctrl +K conpl et est he functi onnane

& Untitled-5 *

Plo ]

100% =~

B Cettinghelp
B Usethespecial querycharacter' ?2Sqrt'
EYoucando “wi | dcard”' ? Plot +' or' ? %Pl ot"'
B Emphasi zef uncti onname and press F1

Exercise
1 searchfor thefunctionPl ot inthehelp
2 Type' ?Plot', "?Plot ', '? xPlot' andpl ot asinus

7.2 Definingyour own functions
Wor ki ngwi t hyour ownfunctionsin Mat hemati caal waysi nvol vestwo di stinct st ages

B first youdefinethefunction, usi ngtheunderscorecharacter and .=
Example

Clear[x, f]
fIx 1:=x>-5x+9

H after Mat hemati cahas | erant t hi snewfunction, andfor therest of your sessi on,
youcanuseit injustthesamewayasinbuilt functions
Example

f[3]

flz]

DIf [z1, z]
luseMOdUIetocreateanestedfunction
ff[x_1:= Mdule[{}, {a=X, b=x"2}]

ff[3]
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B use'’ Initialization Ce” toupl oadvarai bl esfromnenory after | eavi ng

Kernel (createnewcell - Cell -» Cell_Properties » InitializationCell)

Exercise

1 Typeinandtest all thecodeinsection7.2

2 defineyour ownfunction. thisfunctionrecivestwovaraibles (x, y)andreturnthier
mut i plicationanddeviationsvalues. UselnitializationCell withthevales {a=2, b=23}.

8 Procedural Programming

H Inequalities
X=Y, X>Y, X<y, XY, X2V

B Logi cal connectives
BLogi cal ANDexprl&&expr2&&... AND[exprl, expr2, ...]
BLogical ORexprl ||expr2]|]... OR[exprl, expr2, ...]

B Conditions

If, Switch

Example

fIx_1:=I1f[x>mx Print[x, " is larger than =], Print[x, " is not |larger than =n"]]

try
f [E]
f [8]

B Loops &flowcontroll
Wi | e For Return

9 Graphics

Pl ot [Sin[x], {X, -2 7, 2n}]

sinPlot =Pl ot [Sin[x], {X, -27x, 27r}]

Pl ot [Tool ti p[{Sin[x], Cos[x]}], {x, 0, 10}]

Pl ot [Tan[x], {x, 0, 20}, Exclusions - {Cos[x] ==0}]
Mani pul at e[Pl ot [Sin[c *x], {x, O, 10}1, {c, 1, 5}]

Pl ot 3D[Sin[x +Yy"2], {X, -3, 3}, {y, -2, 2}]

Exercise
1 Typeinandtest all thecodeinsection9
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