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1 First Five minutes with Mathematica
Theshift +return operationsends instructionsfrom

the interfacewhere you are typing to the engineof Mathematicafor processing

You will noticeright away two peculiaritiesof the syntax

Thenames of all Mathematica functions and constants
begin withcapital letters. Mathematicais completelycase -sensitive

Example

sin@pi�3D
vs

Sin@Pi�3D

Brackets types

@D - are alwaysused to enclosethe argumentsof functions

8< - are used in Mathematicato group piecesof data together- formingstructurescalled lists

HL - are used only for groupingexpressions



2 Our First Encounter with Mathematica
Our work is writtenin anotebook, this documentis a notebook,

just like workingwith Word or other word processingenvironment

The basic elementof a notebookis acell,
where each cell is enclosedwith the blue bracketon the right

We make our calculationin the notebook,

then we send the calculationto thekernel.The kernelperform
the calculationand sends the resultback and presentit withina new cell

Each input cell is numberedsequantially

Use ; when you want the outputnot to be printedon the screen, yet an outputcell is generate

Example

2 + 1

2 +2;

The percentsign, %, is used to mean úthe last outputø

Example

%

% + 1
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%%

Exercise
1 Type in and test all the code in section2

3 Arithmetic
At its simplest, Mathematicacan be thoughtof as a highly

sophisticatedcalculator.Like a calculator, it does arithmetic

Example

2 + 5

2*5

2^5

100!

Sin@Pi�3D
Sqrt@50D
2^H1 + 4L
Log@2, %D
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A space can implicitlymean multiplication

3.1 Basic Math Input - Pallet
Some of the above calculationscan be laid out in a way that correspondsmore

closelyto conventionalmathematicalnotationby using the Basic Input palette

Find it in the Palettes menu

This is especiallyusefulwhen you need to build up large expressions

Sin@30 °D + Cos@60 °D
2´5

25

21+4

SinB Π

3
F

SinB äΠ

3
F

50

Numericalvaluesof these constantsare given for any requiredaccuracyusing theN command

NB 50 , 1F
NB 50 , 5F
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N@Π, 50D

known constants

Pi

E

E �� N

Π

ã

ä

I

¥

Exercise
1 Type in and test all the code in section3

2 Try the following:

H3 - 2 IL * H1 + IL
H1 + 5 IL2
Conjugate@2 - 5 ID
Abs@12 - 5 ID
ArgB1 + 3 IF
Exp@1 + ID

4 Algebra & Calculus
As well as being an arithmeticalcalculator, Mathematicais also an algebraicone

Example

ExpandAHx + 2 yL2 Hx - 3 yL5E
Factor@%D
Equationsin Mathematicaare set up using a doubleequalssign ' � '
TheSolve commandtries to find exact solutionsto algebraicequations

Example

SolveAx2 - 3 x + 2 � 0, xE
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SolveAx4 + 3 x3 + 5 x2 - 11 x + 2 � 0, xE
Solve@8x + 4 y � 5, 2 x - y � 8<, 8x, y<D

Mathematicawill perform calculusoperationstoo

Example

DAx2, xE
¶x x

2

Example

DAy x2, xE

Example

Integrate@x ^3, xD
à x3 âx

Example

IntegrateAx3, 8x, -3, 3<E

à
-3

3

x3 âx

Example

à à y2 x âx ây

TheNIntegrate commanduses numericalintegration

methods: essentialfor those cases where analyticalapproacheswould be difficultor inappropriate

Example

NIntegrate@Sin@xD, 8x, 0, 1<D

some functionscan be numericallyor symbolically

Example

Integrate@Sin@xD, 8x, 1, 2<D
NIntegrate@Sin@xD, 8x, 1, 2<D

Exercise
1 Type in and test all the code in section4

2 Use Mathematicato express
1

I + 1
in terms of its real and imaginaryparts

3 Try the following
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ApartB 2 x

I1 + x2M H1 + xL F

Together@%D
ExpandAH3 + 2 xL2 Hx + 2 yL2E
Collect@%, xD
ExpandAH3 + 2 xL2 Hx + 2 yL2E
Simplify@%D
CancelBx^2 + 5 x + 6

x + 3
F

NumeratorBx^2 + 5 x + 6

x + 3
F

4 open the AlgebraicManipulationpaletteHunder Palettesin the File menuL.This
palettehasthe setting"Evaluate in Place".To find out what this means, first type,

withoutevaluating, à 2 + 3 x + x2

2 + 2 x + x2
 âx, Then selectthe fractioninsidethe integral,

and click on the button.With the same piece of text selected,

click on .Try using , and so on

Investigatethe use of the Evaluatein Place instruction, under Evaluationin the menu

5 Type

Sum@1�r^2, 8r, 1, 6<D
or

ã 1

r2
r=1

6

Try summingfrom 1 to 20

Try summingfrom 1 to n,

and from 1 to infinityHInfinityin Mathematica, or use the ¥ symbolfrom the Basic Input paletteL

6 solve

the ordinary differential equation,
d2 y

dx
2

+ y = 0, using the DSolve function

this differential esubject to the inital conditions 8y H0L = 1, y' H0L = 1<

5 Assignment
name expressionswhich you will want to use again

Example
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expression1=
2 x

I1 + x2M H1 + xL
expression2= Apart@expression1D
expression3= Together@expression2D
TrueQ@expression1== expression3D

Noticethe final Q in the function

name : this is a conventionfor logicalfunctionsHthose whose outputis True or FalseL
We can make expression1into an unassignedsymbolagain by clearingits value

Example

Clear@expression1D

Quitingour Mathematicasession Evaluation ® Quit_Kernel will

clear all assignmentspretty effectively, and leave everythingclear for our next go

it is sometimesmore appropriateto avoidglobal
assignmentsof this type and opt for local substitutioninstead

Example

Comparethe followingpiecesof code,

each of which aims at findingthe value of the expressionx2 | 5 x + 9 at x = 3

Here is the first one

Clear@xD
x = 3

x^2 - 5 x + 9

Clear@xD
Here is the second

x^2 - 5 x + 9 �. x ® 3

6 Common Mistakes
names of all Mathematicafunctionsand constantsbegin with capitalletters

HL insteadof @D
@D insteadof HL
NIntegrate@Sin@xD, x, 0, 1D ® NIntegrate@Sin@xD, 8x, 0, 1<D
Plot@xSin@xD, 8x, 0, 1<D ® Plot@x_Sin@xD, 8x, 0, 1<D
These are not the same ® f HxL, f@xD
Solve@x^2 - x = 1, xD ® Solve@x^2 - x == 1, xD
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7 Functions
7.1 Built in functions

Mathematicahas a big libraryof built in functions

a built in functionsis allwayscapitalized

' Ctrl +K' completesthe functionname

Gettinghelp

Use the specialquery character'?Sqrt'

You can do úwildcardø'? Plot* ' or'? *Plot'

Emphasizefunctionname and press F1

Exercise
1 searchfor the functionPlot in the help

2 Type'?Plot', '?Plot* ', '? *Plot' and plot a sinus

7.2 Definingyour own functions
Workingwith your own functionsin Mathematicaalwaysinvolvestwo distinctstages

first you definethe function, using theunderscore characterand :=
Example

Clear@x, fD
f@x_D := x2 - 5 x + 9

after Mathematicahas lerantthis new function, and for the rest of your session,

you can use it in just the same way as inbuiltfunctions

Example

f@3D
f@zD
D@f@zD, zD
useModule to createa nested function

ff@x_D := Module@8<, 8a = x, b = x^2<D
ff@3D

Introduction 2 Mathematica 4 ECE.nb  9



use ' Initialization Cell' to upload varaiblesfrom memory after leaving
Kernel Hcreatenew cell ® Cell ® Cell_Properties ® InitializationCellL

Exercise
1 Type in and test all the code in section7.2

2 define your own function. this functionrecivestwo varaiblesHx , yL and returnthier

mutiplicationand deviationsvalues. Use InitializationCell with the vales 8a = 2, b = 3<.

8 Procedural Programming
Inequalities

x � y, x > y, x < y, x £ y, x ³ y

Logicalconnectives

Logical AND expr1&& expr2&& ... AND@expr1, expr2, ...D
LogicalOR expr1ÈÈ expr2ÈÈ ... OR@expr1, expr2, ...D

Conditions

If, Switch

Example

f@x_D := If@x > Π, Print@x, " is larger than Π"D, Print@x, " is not larger than Π"DD
try

f@ED
f@8D
Loops & flow controll

While For Return

9 Graphics
Plot@Sin@xD, 8x, -2 Π, 2 Π<D
sinPlot = Plot@Sin@xD, 8x, -2 Π, 2 Π<D
Plot@Tooltip@8Sin@xD, Cos@xD<D, 8x, 0, 10<D
Plot@Tan@xD, 8x, 0, 20<, Exclusions® 8Cos@xD � 0<D
Manipulate@Plot@Sin@c*xD, 8x, 0, 10<D, 8c, 1, 5<D
Plot3D@Sin@x + y^2D, 8x, -3, 3<, 8y, -2, 2<D

Exercise
1 Type in and test all the code in section9
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