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In[1]:= Integrate@1êHx^5 - 1L, xD

Out[1]=
1
20

-2 2 I5 + 5 M ArcTanB 1 - 5 + 4 x

2 I5 + 5 M

F -

2 10 - 2 5 ArcTanB 1 + 5 + 4 x

10 - 2 5
F + 4 Log@-1 + xD +

I-1 + 5 M LogB1 -
1
2

I-1 + 5 M x + x2F -

I1 + 5 M LogB1 +
1
2

I1 + 5 M x + x2F

In[2]:= Table@Sin@1.5 xD^2, 8x, 0, 10<D
Out[2]= 80, 0.994996, 0.0199149, 0.955565, 0.078073, 0.879844,

0.169842, 0.773865, 0.28791, 0.646069, 0.422874<

In[3]:= Mean@%D
Out[3]= 0.475359

In[4]:= Plot3D@Sin@x + y^2D, 8x, -3, 3<, 8y, -2, 2<D

Out[4]=

In[5]:= Factor@x^1000 - 1D

Out[5]= H-1 + xL H1 + xL I1 + x2M I1 + x4M I1 - x + x2 - x3 + x4M I1 + x + x2 + x3 + x4M
I1 - x2 + x4 - x6 + x8M I1 - x4 + x8 - x12 + x16M I1 - x5 + x10 - x15 + x20M
I1 + x5 + x10 + x15 + x20M I1 - x10 + x20 - x30 + x40M I1 - x20 + x40 - x60 + x80M
I1 - x25 + x50 - x75 + x100M I1 + x25 + x50 + x75 + x100M
I1 - x50 + x100 - x150 + x200M I1 - x100 + x200 - x300 + x400M

In[6]:= Grid@Table@Factor@x^n - mD, 8n, 10<, 8m, 3<D, Frame Ø AllD

Out[6]=

-1 + x -2 + x -3 + x
H-1 + xL H1 + xL -2 + x2 -3 + x2

H-1 + xL I1 + x + x2M -2 + x3 -3 + x3

H-1 + xL H1 + xL I1 + x2M -2 + x4 -3 + x4

H-1 + xL I1 + x + x2 + x3 + x4M -2 + x5 -3 + x5

H-1 + xL H1 + xL I1 - x + x2M I1 + x + x2M -2 + x6 -3 + x6

H-1 + xL I1 + x + x2 + x3 + x4 + x5 + x6M -2 + x7 -3 + x7

H-1 + xL H1 + xL I1 + x2M I1 + x4M -2 + x8 -3 + x8

H-1 + xL I1 + x + x2M I1 + x3 + x6M -2 + x9 -3 + x9

H-1 + xL H1 + xL
I1 - x + x2 - x3 + x4M I1 + x + x2 + x3 + x4M

-2 + x10 -3 + x10

In[7]:= Manipulate@Plot3D@Sin@x + y^3D, 8x, -a, a<, 8y, -b, b<D,
8a, 1, 6<, 8b, 1, 6<D

Out[7]=

a

b

A QUICK OVERVIEW
of



Mathematica is… It’s easy to start computing with Mathematica
Ask your question; immediately get an answer

a computing environment
a language
a vast knowledgebase

Do immediate Mathematica 
computation and visualization

Write programs in the 
Mathematica language

Create a complete 
Mathematica application

Use a deployed 
Mathematica application

Use Mathematica 
through the web

Do large-scale Mathematica
software engineering
(API • IDE • server • runtime • …)

Run Mathematica 
on a parallel cluster

Instantly access the  
Mathematica knowledgebase

Build up a record of your work
in a Mathematica notebook

Create an interactive Mathematica 
document or presentation

In[1]:= Integrate@1êHx^5 - 1L, xD

Out[1]=
1
20

-2 2 I5 + 5 M ArcTanB 1 - 5 + 4 x

2 I5 + 5 M

F -

2 10 - 2 5 ArcTanB 1 + 5 + 4 x

10 - 2 5
F + 4 Log@-1 + xD +

I-1 + 5 M LogB1 -
1
2

I-1 + 5 M x + x2F -

I1 + 5 M LogB1 +
1
2

I1 + 5 M x + x2F

In[2]:= Table@Sin@1.5 xD^2, 8x, 0, 10<D
Out[2]= 80, 0.994996, 0.0199149, 0.955565, 0.078073, 0.879844,

0.169842, 0.773865, 0.28791, 0.646069, 0.422874<

In[3]:= Mean@%D
Out[3]= 0.475359

In[4]:= Plot3D@Sin@x + y^2D, 8x, -3, 3<, 8y, -2, 2<D

Out[4]=

In[5]:= Factor@x^1000 - 1D

Out[5]= H-1 + xL H1 + xL I1 + x2M I1 + x4M I1 - x + x2 - x3 + x4M I1 + x + x2 + x3 + x4M
I1 - x2 + x4 - x6 + x8M I1 - x4 + x8 - x12 + x16M I1 - x5 + x10 - x15 + x20M
I1 + x5 + x10 + x15 + x20M I1 - x10 + x20 - x30 + x40M I1 - x20 + x40 - x60 + x80M
I1 - x25 + x50 - x75 + x100M I1 + x25 + x50 + x75 + x100M
I1 - x50 + x100 - x150 + x200M I1 - x100 + x200 - x300 + x400M

In[6]:= Grid@Table@Factor@x^n - mD, 8n, 10<, 8m, 3<D, Frame Ø AllD

Out[6]=

-1 + x -2 + x -3 + x
H-1 + xL H1 + xL -2 + x2 -3 + x2

H-1 + xL I1 + x + x2M -2 + x3 -3 + x3

H-1 + xL H1 + xL I1 + x2M -2 + x4 -3 + x4

H-1 + xL I1 + x + x2 + x3 + x4M -2 + x5 -3 + x5

H-1 + xL H1 + xL I1 - x + x2M I1 + x + x2M -2 + x6 -3 + x6

H-1 + xL I1 + x + x2 + x3 + x4 + x5 + x6M -2 + x7 -3 + x7

H-1 + xL H1 + xL I1 + x2M I1 + x4M -2 + x8 -3 + x8

H-1 + xL I1 + x + x2M I1 + x3 + x6M -2 + x9 -3 + x9

H-1 + xL H1 + xL
I1 - x + x2 - x3 + x4M I1 + x + x2 + x3 + x4M

-2 + x10 -3 + x10

In[7]:= Manipulate@Plot3D@Sin@x + y^3D, 8x, -a, a<, 8y, -b, b<D,
8a, 1, 6<, 8b, 1, 6<D

Out[7]=

a

b

Type your input

Mathematica
gives the result

Input and output
are organized in “cells”

Rotate in 3D inline

input cell

input

input

input

output cell

output

output

output

In[1]:= Integrate@1êHx^5 - 1L, xD

Out[1]=
1
20

-2 2 I5 + 5 M ArcTanB 1 - 5 + 4 x

2 I5 + 5 M

F -

2 10 - 2 5 ArcTanB 1 + 5 + 4 x

10 - 2 5
F + 4 Log@-1 + xD +

I-1 + 5 M LogB1 -
1
2

I-1 + 5 M x + x2F -

I1 + 5 M LogB1 +
1
2

I1 + 5 M x + x2F

In[2]:= Table@Sin@1.5 xD^2, 8x, 0, 10<D
Out[2]= 80, 0.994996, 0.0199149, 0.955565, 0.078073, 0.879844,

0.169842, 0.773865, 0.28791, 0.646069, 0.422874<

In[3]:= Mean@%D
Out[3]= 0.475359

In[4]:= Plot3D@Sin@x + y^2D, 8x, -3, 3<, 8y, -2, 2<D

Out[4]=

In[5]:= Factor@x^1000 - 1D

Out[5]= H-1 + xL H1 + xL I1 + x2M I1 + x4M I1 - x + x2 - x3 + x4M I1 + x + x2 + x3 + x4M
I1 - x2 + x4 - x6 + x8M I1 - x4 + x8 - x12 + x16M I1 - x5 + x10 - x15 + x20M
I1 + x5 + x10 + x15 + x20M I1 - x10 + x20 - x30 + x40M I1 - x20 + x40 - x60 + x80M
I1 - x25 + x50 - x75 + x100M I1 + x25 + x50 + x75 + x100M
I1 - x50 + x100 - x150 + x200M I1 - x100 + x200 - x300 + x400M

In[6]:= Grid@Table@Factor@x^n - mD, 8n, 10<, 8m, 3<D, Frame Ø AllD

Out[6]=

-1 + x -2 + x -3 + x
H-1 + xL H1 + xL -2 + x2 -3 + x2

H-1 + xL I1 + x + x2M -2 + x3 -3 + x3

H-1 + xL H1 + xL I1 + x2M -2 + x4 -3 + x4

H-1 + xL I1 + x + x2 + x3 + x4M -2 + x5 -3 + x5

H-1 + xL H1 + xL I1 - x + x2M I1 + x + x2M -2 + x6 -3 + x6

H-1 + xL I1 + x + x2 + x3 + x4 + x5 + x6M -2 + x7 -3 + x7

H-1 + xL H1 + xL I1 + x2M I1 + x4M -2 + x8 -3 + x8

H-1 + xL I1 + x + x2M I1 + x3 + x6M -2 + x9 -3 + x9

H-1 + xL H1 + xL
I1 - x + x2 - x3 + x4M I1 + x + x2 + x3 + x4M

-2 + x10 -3 + x10

In[7]:= Manipulate@Plot3D@Sin@x + y^3D, 8x, -a, a<, 8y, -b, b<D,
8a, 1, 6<, 8b, 1, 6<D

Out[7]=

a

b

Press Shift+Enter to 
evaluate your input

Build up a notebook
as you work



Compute without limits
Mathematica handles computations of all types and sizes

In[1]:= Factor@x^105 - 1D

Out[1]= H-1 + xL I1 + x + x2M I1 + x + x2 + x3 + x4M I1 + x + x2 + x3 + x4 + x5 + x6M
I1 - x + x3 - x4 + x5 - x7 + x8M I1 - x + x3 - x4 + x6 - x8 + x9 - x11 + x12M
I1 - x + x5 - x6 + x7 - x8 + x10 - x11 + x12 - x13 + x14 - x16 + x17 - x18 + x19 - x23 + x24M
I1 + x + x2 - x5 - x6 - 2 x7 - x8 - x9 + x12 + x13 + x14 + x15 + x16 + x17 - x20 - x22 - x24 -

x26 - x28 + x31 + x32 + x33 + x34 + x35 + x36 - x39 - x40 - 2 x41 - x42 - x43 + x46 + x47 + x48M

In[2]:= 200!

Out[2]= 788657867364790503552363213932185062295135977687173263294742533244 Ö
359449963403342920304284011984623904177212138919638830257642790 Ö
242637105061926624952829931113462857270763317237396988943922445 Ö
621451664240254033291864131227428294853277524242407573903240321 Ö
257405579568660226031904170324062351700858796178922222789623703 Ö
897374720000000000000000000000000000000000000000000000000

In[3]:= GraphPlot@Table@Mod@k, `kêPipD Ø Mod@2 k, `kê3pD, 8k, 5000<DD

Out[3]=

In[4]:= ListPlot3DBImageDataB F, ColorFunction Ø "TemperatureMap"F

Out[4]=

Instantly access a vast web of algorithms and knowledge
Thousands of functions, all consistently designed to work together

In[1]: Table@Plot3D@Im@Sec@Hx + I yL^3DD, 8x, -1, i<,
8y, -1, i<, Mesh Ø None, PlotStyle Ø Yellow,
PlotPoints Ø 120, Axes Ø NoneD, 8i, 0, 5<D

Out[1]= : , ,

, ,

, >

Compute with formulas

Mathematica has thousands of  
state-of-the-art algorithms, including 
many invented at Wolfram Research

Compute to any 
numerical precision

Compute with data
of any kind

Do arbitrarily complex
computations 

Mathematica’s algorithms 
automatically optimize 
aesthetic presentation

Mathematica automatically selects the 
best algorithms for each computation

Core Language

Built-in functions always 
start with capital letters

Function arguments are
given in square brackets

Solve[equation,x]

Mathematical Functions

Polynomial Algebra

Data Transforms and Smooth…

Matrices and Linear Algebra

Computational Systems

Mathematical Data

Numbers and Precision

Discrete Math

Statistical Model Analysis

Statistics

Descriptive Statistics

Mean[list]

Median[list]

Commonest[list]

RootMeanSquare[list]

TrimmedMean[list]

HarmonicMean[list]

GeometricMean[list]
                 •
                 •
                 •

Formula Manipulation

Number Theory

Exploratory Data Analysis

Optimization

Statistical Distributions

Equation Solving

Logic

Random Number Generation

Calculus

Curve Fitting and Approxim…

Visualization and Graphics

Data Manipulation

Computable Data

Dynamic Interactivity

Systems Interfaces and 
Deployment

Mathematica > Mathematics and Algorithms > Calculus >

BUILT-IN MATHEMATICA SYMBOL
Tutorials » | See Also » | More About »

Integrate ( )

Integrate[f, x]
gives the indefinite integral .

Integrate[f, {x, xmin, xmax}]

gives the definite integral .

Integrate[f, {x, xmin, xmax}, {y, ymin, ymax}, ...]

gives the multiple integral .

 MORE INFORMATION

 EXAMPLES CLOSE ALL

 Basic Examples   (6)

Indefinite integral:

In[1]:=

Out[1]=

 
Definite integral:

In[1]:=

Out[1]=

 
Use Esc  int Esc  to enter  and Esc  dd Esc  to enter :

In[1]:=

Out[1]=

ref/Integrate

Mathematica’s  2500+ coherently designed 
functions provide broad and deep coverage

All  functions are consistently 
named based on what they do

At every version Mathematica 
has continually grown in scope

Number of built-in functions vs. time

 
Every function has its own “home page” 
with runnable examples

Mathematics and Algorithms  

Notebooks and Documents



Just a few functions take you a long way
Mathematica lets you create a complete interactive application in minutes

Mathematica can be used across all fields
The Wolfram Demonstrations Project™ includes thousands of interactive examples

In[1]:= Plot@Sin@xD + Sin@10 xD, 8x, 0, 20<D

Out[1]=
5 10 15 20

-2

-1

1

2

In[2]:= Manipulate@Plot@Sin@xD + a Sin@10 xD, 8x, 0, 20<D,
8a, 0, 1<D

Out[2]=

a

5 10 15 20

-1.0

-0.5

0.5

1.0

In[3]:= Manipulate@Plot@Sin@xD + a Sin@b xD, 8x, 0, 20<,
PlotStyle Ø colorD, 8a, 0, 1<, 8b, 0, 10<, 8color, Red<D

Out[3]=

a

b

color

5 10 15 20

-1.0

-0.5

0.5

1.0

In[4]:= Manipulate@RevolutionPlot3D@Sin@xD + a Sin@b xD,
8x, 0, 20<, PlotStyle Ø Opacity@.3, colorD, Axes Ø FalseD,

8a, 0, 1<, 8b, 0, 10<, 8color, Red<D

Out[4]=

a

b

color

Make it manipulable

Make a plot
In[3]:= Manipulate@Plot@Sin@xD + a Sin@b xD, 8x, 0, 20<,

PlotStyle Ø colorD, 8a, 0, 1<, 8b, 0, 10<, 8color, Red<D

Out[3]=

a

b

color

5 10 15 20

-1.0

-0.5

0.5

1.0

In[4]:= Manipulate@RevolutionPlot3D@Sin@xD + a Sin@b xD,
8x, 0, 20<, PlotStyle Ø Opacity@.3, colorD, Axes Ø FalseD,

8a, 0, 1<, 8b, 0, 10<, 8color, Red<D

Out[4]=

a

b

color

Add more controls

Every new function 
lets you go further

Manipulable parameter

The Wolfram Demonstrations Project 
is a free resource of Mathematica material

Mathematics
Algebra, Calculus, and Analysis …

Computation
Algorithms, Computer Science …

Physical Sciences
Physics, Earth Science …

LLife Sciences
Biology, Medicine …

Business and Social Systems
Economics, Finance …

Systems, Models, and Methods
Discrete Models, Networks …

Engineering and Technology
MMachines, Electrical Engineering …

Our World
Everyday Life, Geography …

Creative Arts
Art, Architecture, Music …

Kids and Fun
For Kids, Puzzles, Optical Illusions …

MMathematica Functionality
Short Programs, 3D Graphics …

Full source code for 
output and interface

demonstrations.wolfram.com



In[1]:= ManipulateBDilationB , rF, 8r, 0, 10<F

Out[1]=

r

Your data, or ours
Import data in any format Use Wolfram Research’s curated data

Text@Grid@Import@"http:êêwww.imdb.comêchartê", "Data"D@@-1, 1, 1, 1DD,
Frame Ø All, Background Ø LightBlueDD

Rank Title Weekend Gross
1 High School Musical 3: Senior Year H2008L $15.3M $62M
2 Zack and Miri Make a Porno H2008L $10.1M $10.1M
3 Saw V H2008L $9.74M $45.5M
4 Changeling H2008L $9.35M $10M
5 The Haunting of Molly Hartley H2008L $5.42M $5.42M
6 Beverly Hills Chihuahua H2008L $4.86M $84.2M
7 The Secret Life of Bees H2008L $4.01M $25.3M
8 Max Payne H2008L $3.69M $35.5M
9 Eagle Eye H2008L $3.48M $92.6M
10 Pride and Glory H2008L $3.36M $11.7M

200 400 600 800 1000

-300

-200

-100

100

200

In[1]:= WeatherData@"Chicago", "WindSpeed"D

Out[1]= 14.5
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The power of integration
All the functions of Mathematica are designed to work tightly together

Mathematica automatically imports 
and exports over 200 formats

Wolfram Research maintains, updates,
and verifies hundreds of types of data

Built-in function

Real-time data

All Wolfram Research 
data in Mathematica is 
immediately computable

Automatically extract data from web pages

Immediately analyze
and visualize

CSV, XLS, GIF, JPEG, PDF, Maya, STL, WAV, SWF, MDB, HDF, DICOM, 3DS, AVI, FITS, HDF5, 
MIDI, SVG, USGS DEM, MOL, GenBank, SHP, HTML, XML, TeX, MBOX, RSS,  …

Chemical data

Geographic data

Mathematical data

Biological & genomic data

Physics data

Linguistic data

Socioeconomic data

Current & historical 
financial data

In[1]:= Import@"satellites.xls", 8"Data", 1<D;

In[2]:= DateListPlot@%@@All, 816, 14<DD, FrameLabel Ø %@@1, 816, 14<DDD

Out[2]=
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Out[3]=

In[1]:= Import@"satellites.xls", 8"Data", 1<D;

In[2]:= DateListPlot@%@@All, 816, 14<DD, FrameLabel Ø %@@1, 816, 14<DDD

Out[2]=
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Out[3]=

In[1]:= WeatherData@"Chicago", "WindSpeed"D

Out[1]= 14.5

Stored data, continually updated

Mathematica seamlessly integrates 
data, programs, documents, images, 
and much more… 

Create a custom
interface

Drag and drop an image
into Mathematica

Mathematica gives infinite flexibility 
in combining types of computation

In[1]:= images = FlattenBImagePartitionB , 40FF

Out[1]= : , , , , , , , , , ,

, , , , , , , , , ,

, , , , , , , , , ,

, , , , , , , , , ,

, , , , , , , , , ,

, , , , , , , , , >

In[18]:= Graphics@
Inset@Ò, Mean@Mean@ImageData@ÒDDDP81, 3<T, Center, .05D & êü
images, Frame Ø TrueD

Out[18]=

0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.1

0.2

0.3

0.4

0.5

0.6

In[3]:= data = Mean@Mean@ImageData@ÒDDD & êü images;
nf = Nearest@data Ø imagesD;

In[5]:= GraphPlot@
Flatten@Table@Thread@images@@iDD Ø nf@data@@iDD, 3DD,

8i, Length@imagesD<DD,
VertexRenderingFunction Ø HInset@Ò2, Ò, Center, .4D &L,
SelfLoopStyle Ø NoneD

Partition an image
into a matrix

Arrange the 
subimages by color

Compute  the
network of neighbors
in color space

Use a Mathematica function 
directly on the image



Theory of the Sundial
Celestial Mechanics

Motion of the Sun
The eccentricity of the earth's orbit around the sun results in a time-dependent angular velocity. That, 
together with the tilt of the earth's axis, means that length of a sun-day depends on the time of the year. 
A sun-day may be either a few seconds longer or shorter than 24 hours. So the position of the shadow 
of the hand's end depends on the time of the year, too. After a few weeks the sundial constructed above 
might be wrong up to 16 minutes. 

ü Calculating the orbit of the sun

Find the position of the sun relative to the earth by solving the Kepler problem:

y£HtL = Hk cosHyHtLL+1L2

I1+k2M3
        rHtL = 1-k2

1+k cosHyHtLL

WithB:yser@t_D = t + ‚
j=1

3
yj@tD kj + O@kD4>,

yser@tD ê.

DSolveBLogicalExpandB y'@tD ã
H1 + k Cos@y@tDDL2

I1 - k2M3ê2
Ì y@0D ã 0 ê. 8y Ø yser<F,

8y1@tD, y2@tD, y3@tD<, tFF

Analemmas

planet Earth

choose orbit manually

axis angle relative to ecliptic

spring equinox point

orbit eccentricity

show sun snapshots

show scales

The power of automation
Mathematica automatically finds the best way to do what you want

The power of the Mathematica notebook
Automatically organize everything in executable interactive formatted documents

In[1]:= s = NDSolveA9x'@tD == -y@tD - x@tD2,
y'@tD == 2 x@tD - y@tD3, x@0D == y@0D == 1=,

8x, y<, 8t, 20<E;

In[2]:= ParametricPlot@Evaluate@8x@tD, y@tD< ê. sD,
8t, 0, 20<D

Out[2]=

-0.5 0.5 1.0

-0.5

0.5

1.0

In[1]:= Table@GraphPlot@Table@i Ø Mod@i^2, nD, 8i, n<DD, 8n, 51, 100, 10<D

Out[1]= : , , , , >

In[1]:= TraditionalFormB‡
1

x5 - 1
„xF

Out[1]//TraditionalForm=

1

20
K 5 - 1O log x2 - 1

2
K 5 - 1O x+ 1 -

K1+ 5 O log x2 + 1
2
K1+ 5 O x+ 1 + 4 logHx- 1L-

2 2 K5+ 5 O tan-1 4 x- 5 + 1

2 I5+ 5 M
- 2 10- 2 5 tan-1

4 x+ 5 + 1

10- 2 5

In[1]:= NestList@Tan, 1.00000000000000000000000000000, 40D

Out[1]= 91.0000000000000000000000000000, 1.5574077246549022305069748075,
74.685933398765022668308000, -0.863518854878058881987016,
-1.169856355059865685415505, -2.35903773418889307931988,
0.9943296190037656445759, 1.5381535568576459424245,

30.6237734485035381191, -1.0136019349119507574, -1.605012798976115409,
29.214283359966355, 1.369089249351155, 4.8902654742916, -5.562460683567,
0.878350754361, 1.20560964050, 2.6155003692, -0.5806797477,
-0.6561404083, -0.7699389783, -0.9695499372, -1.457793685, -8.8116510,

0.7035836, 0.8484329, 1.134741, 2.146060, -1.54221, -34.97, -0.44,
-0.47, -0.51, -0.56, -0.6, -0.7, -0.9, -1.2, -2., 0.µ10-1, 0.µ10-1=;

In[1]:= NestList@Tan, 1.00000000000000000000000000000, 40D

Out[1]= 91.0000000000000000000000000000, 1.5574077246549022305069748075,
74.685933398765022668308000, -0.863518854878058881987016,
-1.169856355059865685415505, -2.35903773418889307931988,
0.9943296190037656445759, 1.5381535568576459424245,

30.6237734485035381191, -1.0136019349119507574, -1.605012798976115409,
29.214283359966355, 1.369089249351155, 4.8902654742916, -5.562460683567,
0.878350754361, 1.20560964050, 2.6155003692, -0.5806797477,
-0.6561404083, -0.7699389783, -0.9695499372, -1.457793685, -8.8116510,

0.7035836, 0.8484329, 1.134741, 2.146060, -1.54221, -34.97, -0.44,
-0.47, -0.51, -0.56, -0.6, -0.7, -0.9, -1.2, -2., 0.µ10-1, 0.µ10-1=;

You specify the operation; 
Mathematica automatically 
determines the algorithm

Mathematica picks algorithms 
for accuracy and efficiency

Every visual output is automatically optimized for clarity and aesthetics

Options allow arbitrarily detailed customization

Mathematica 
automatically handles 
natural math input

Mathematica’s algorithms 
automatically adapt to your computation

Mathematica automatically tracks 
and controls numerical precision

All displayed digits are verified correct

Mathematica completely automates 
expert-quality typesetting

...

Text

Presentation

Palette

Automatic report

Source editor

Demonstration

Drawing canvas

Dialog or form

Interactive 
application

A notebook can be a …

Graphics

Typeset math

Runnable code

Notebooks can include animation, sound, and other multimedia content

Embedded
interactivity

Open to show 
section contents

Cell brackets show 
document structure

Edit and re-run code 
at any time

Everything in a notebook 
is immediately editable, 
interactive, and printable

Closed cell hides code

Include annotations



In[1]:= NestList@f, x, 5D

Out[1]= 8x, f@xD, f@f@xDD, f@f@f@xDDD, f@f@f@f@xDDDD, f@f@f@f@f@xDDDDD<

In[2]:= NestListBTabView@8Ò, Ò<D &, ButtonB F, 2F

Out[2]=

In[3]:= make3d@Graphics@g_, ___D, a_D :=

Graphics3DBg ê. 8x_, y_< Ø :y, x,
Sin@a p xD

x + 4 y
> ê.

Line@u_D Ø Tube@u, 1ê20DF

In[4]:= :TableBmake3dB ,
k
3
F, 8k, 4<F, make3dB ,

1
2
F>

Out[4]=

In[5]:= If@FinancialData@"MSFT", "Price"D < 10,
SendMail@8"To" Ø "xüy.com", "Body" Ø "buy!"<DD;

In[6]:= LowestEnergy@!_, l_, x_D :=
Module@8x<, x@"_?NumberQD :=

Abs@y@10DD ê.
First@NDSolve@8-y''@xD + l ! y@xD ã " y@xD, y@0D ã 1,

y'@0D ã 0<, y, 8x, 0, 10<DD;
Last@FindMinimum@x@!D, 8!, 1ê2, 2<DDD

In[7]:= LowestEnergyAx4 + 3 x2, 1, xE

Out[7]= 8! Ø 1.93051<

In[8]:= Rotate@Framed@Rasterize@SelectedNotebook@DDD, 275 °D

Out[8]=

From a 10-second student question… 
to a million-line production software system
Mathematica is a completely scalable language and environment

The world’s most productive programming language
Mathematica gives the power and flexibility of multiple integrated programming paradigms

Create any structure 
symbolically

Programmatically 
build interfaces

Handle graphics
directly in programs

Transparently access 
real-world data

Platform-independent
system interaction

Use the full algorithmic 
power of Mathematica

Everything is symbolic—including 
programs and documents

Include math notation

Include anything in 
a program

Get a symbolic form
Rule-based

Procedural

List-based

Recursive

Functional

Constructive

String-based

Mathematical

Pattern-
based

Use symbolic patterns

Give symbolic input

In[1]:= Graphics3D@Cuboid êü Position@CellularAutomaton@
8122, 82, 1<, 81, 1, 1<<, 88881<<<, 0<, 8886<<<D, 1DD

Out[1]=
In[4]:= Manipulate@

Graphics3D@8EdgeForm@Opacity@.3DD,
Cuboid êü
Position@CellularAutomaton@8rn, 82, 1<, 81, 1, 1<<,

888Table@1, 8init<D<<, 0<, 888t<<<D, 1D<,
Boxed Ø False, PlotRange Ø All,
PlotRangePadding Ø 1, ImageSize Ø 8400, 300<,
SphericalRegion Ø True, thelightingD,

88rn, 14, "rule number"<, 2, 200, 4, ImageSize Ø Small<,
88t, 6, "steps"<, 0, 15, 1, ImageSize Ø Small<,
88init, 1, "initial height"<, 1, 10, 1,
ImageSize Ø Small<D

Out[4]=

rule number

steps

initial height

In[2]:= Graphics3D@Cuboid êü Position@CellularAutomaton@8122, 82, 1<,
81, 1, 1<<, 88881<<<, 0<, 88816<<<D, 1DD

Out[2]=

Type one line to get  
a lot done instantly

Organize millions of lines of code 
using Wolfram Workbench™

Immediately connect to external  
programs, databases, the web, …

Use webMathematica™ to embed active 
Mathematica code in web pages

High-level MathLink® symbolic API

Mathematica has been used for two 
decades in the world’s leading companies 
and universities

Deploy to Mathematica Player™ 
to run outside Mathematica

Do a larger 
computation

Immediately compute in parallel

Seamlessly scale up to a program

Multicore configuration is automatic

Java, C, C++, Python, …

All standard databases

Web servers, web services, …

Full multi-language IDE—
version control, etc.

Program in whatever style you want

ParallelTable@ ...D

.nb .nbp



Help > Documentation Center

Function Navigator

Virtual Book

( Mac: command + shift + K )

Home page

Guide page 
(topic overview/reference)

Function home page

Find what you need in the Mathematica Documentation Center
Pick from 100,000+ complete and runnable examples

Importing & Exporting

Numerical Data

Image Processing

Text Processing

Files

Date & Time

Arrays

Statistics

Signal Processing

Binary Data

Databases

New in 7.0 | 6.0

SEARCH

CORE LANGUAGE
The uniquely powerful symbolic language that is the foundation for Mathematica

MATHEMATICS AND ALGORITHMS
The world's largest integrated web of mathematical capabilities and algorithms

VISUALIZATION AND GRAPHICS
Symbolic graphics and unparalleled function and data visualization

DATA MANIPULATION
Powerful primitives for handling large volumes of data of all types and formats

COMPUTABLE DATA
Immediate integrated access to carefully curated current data in diverse areas

DYNAMIC INTERACTIVITY
Capabilities that define a new kind of dynamic interactive computing

NOTEBOOKS AND DOCUMENTS
Program-constructible symbolic documents with uniquely flexible formatting

SYSTEMS INTERFACES & DEPLOYMENT
Unique customizability and connectivity powered by symbolic programming

D O C U M E N T A T I O N  C E N T E R

  Mathematica

guide/Calculus

> Mathematics and Algorithms >

Calculus
In calculus even more than other areas, Mathematica packs centuries of mathematical

development into a small number of exceptionally powerful functions. Continually enhanced by

new methods being discovered at Wolfram Research, the algorithms in Mathematica probably

now reach almost every integral and differential equation for which a closed form can be found.

D ( ) —  partial derivatives, of scalar or vector functions

Dt —  total derivatives

Integrate ( ) —  symbolic integrals in one or more dimensions

    

Series —  power series and asymptotic expansions »

Limit —  limits
    

DSolve —  symbolic solutions to differential equations

Minimize, Maximize —  symbolic optimization
    

Sum, Product —  symbolic sums and products

    

Integral Transforms »

LaplaceTransform   FourierTransform   Convolve   DiracDelta   ...

    

Normalize, Orthogonalize —  normalize, orthogonalize families of functions

Numerical Calculus »

NIntegrate   NDSolve   NMinimize   NSum   ...

    

Differential Operator Functions »

Derivative —  symbolic and numerical derivative functions

DifferentialRoot —  general representation of linear differential solutions

    

Discrete Calculus »

DifferenceDelta   GeneratingFunction   RSolve   RecurrenceTable   ...

TUTORIALS

Finding Limits

Mathematica > Mathematics and Algorithms > Calculus >

BUILT-IN MATHEMATICA SYMBOL
Tutorials » | See Also » | More About »

Integrate ( )

Integrate[f, x]
gives the indefinite integral .

Integrate[f, {x, xmin, xmax}]

gives the definite integral .

Integrate[f, {x, xmin, xmax}, {y, ymin, ymax}, ...]

gives the multiple integral .

 MORE INFORMATION

 EXAMPLES CLOSE ALL

 Basic Examples   (6)

Indefinite integral:

In[1]:=

Out[1]=

 
Definite integral:

In[1]:=

Out[1]=

 
Use Esc  int Esc  to enter  and Esc  dd Esc  to enter :

In[1]:=

Out[1]=

ref/Integrate

Help is always nearby

Quickly look up selected text

Complete typed commands 
and insert function templates

Tree of topics

Free-form search

MATHEMATICA ONLINE DOCUMENTATION

Access the full Mathematica documentation, 
featuring over 50,000 detailed examples, 
animations, tutorials, and much more. 

reference.wolfram.com

HOW TO TOPICS

Find simple step-by-step instructions to solve 
specific problems in Mathematica.

reference.wolfram.com/howtos

THE TUTORIAL COLLECTION

Get tutorials that provide in-depth, targeted 
instruction and information on the functions and 
unified architecture of the Mathematica system.

wolfram.com/tutorialcollection  
 
MATHEMATICA BOOKS

Read the latest Mathematica-related books, covering 
topics as diverse as programming, art, engineering, 
finance, computer science, and much more.

wolfram.com/books

VIDEO SCREENCASTS

Watch brief screencasts that show you how to 
incorporate Mathematica into your everyday tasks.

wolfram.com/screencasts  
 

USER STORIES

See how enthusiasts, students, and the world’s 
leading experts use Mathematica in their fields.

wolfram.com/mathematica/portraits

THE DEMONSTRATIONS PROJECT

Bring concepts to life with an expanding collection 
of free, interactive Mathematica visualizations.

demonstrations.wolfram.com

FREE SEMINARS

Attend free online seminars led by senior Wolfram 
Research technical staff who provide live answers 
to your questions.

wolfram.com/seminars

Learn More with Wolfram Online Resources
Discover how we can help launch your own Mathematica experience!

Immediately try or modify
any example inline
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In[1]:= s = NDSolveA9x'@tD == -y@tD - x@tD2,
y'@tD == 2 x@tD - y@tD3, x@0D == y@0D == 1=,

8x, y<, 8t, 20<E;

In[2]:= ParametricPlot@Evaluate@8x@tD, y@tD< ê. sD,
8t, 0, 20<D

Out[2]=

-0.5 0.5 1.0

-0.5

0.5

1.0

In[1]:= Factor@x^105 - 1D

Out[1]= H-1 + xL I1 + x + x2M I1 + x + x2 + x3 + x4M I1 + x + x2 + x3 + x4 + x5 + x6M
I1 - x + x3 - x4 + x5 - x7 + x8M I1 - x + x3 - x4 + x6 - x8 + x9 - x11 + x12M
I1 - x + x5 - x6 + x7 - x8 + x10 - x11 + x12 - x13 + x14 - x16 + x17 - x18 + x19 - x23 + x24M
I1 + x + x2 - x5 - x6 - 2 x7 - x8 - x9 + x12 + x13 + x14 + x15 + x16 + x17 - x20 - x22 - x24 -

x26 - x28 + x31 + x32 + x33 + x34 + x35 + x36 - x39 - x40 - 2 x41 - x42 - x43 + x46 + x47 + x48M

In[2]:= 200!

Out[2]= 788657867364790503552363213932185062295135977687173263294742533244 Ö
359449963403342920304284011984623904177212138919638830257642790 Ö
242637105061926624952829931113462857270763317237396988943922445 Ö
621451664240254033291864131227428294853277524242407573903240321 Ö
257405579568660226031904170324062351700858796178922222789623703 Ö
897374720000000000000000000000000000000000000000000000000

In[3]:= GraphPlot@Table@Mod@k, `kêPipD Ø Mod@2 k, `kê3pD, 8k, 5000<DD

Out[3]=

In[4]:= ListPlot3DBImageDataB F, ColorFunction Ø "TemperatureMap"F

Out[4]=

request

asking

bespeak

call for

petition

postulation

quest

betoken

indicate
point

signal

ask
collect

demand

gather up

invite

involve

necessitate

needpick up

postulate

require

take

orison

prayer

predication

bay
pursuance

pursuit

seeking
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In[1]:= Integrate@1êHx^5 - 1L, xD

Out[1]=
1
20

-2 2 I5 + 5 M ArcTanB 1 - 5 + 4 x

2 I5 + 5 M

F -

2 10 - 2 5 ArcTanB 1 + 5 + 4 x

10 - 2 5
F + 4 Log@-1 + xD +

I-1 + 5 M LogB1 -
1
2

I-1 + 5 M x + x2F -

I1 + 5 M LogB1 +
1
2

I1 + 5 M x + x2F

In[2]:= Table@Sin@1.5 xD^2, 8x, 0, 10<D
Out[2]= 80, 0.994996, 0.0199149, 0.955565, 0.078073, 0.879844,

0.169842, 0.773865, 0.28791, 0.646069, 0.422874<

In[3]:= Mean@%D
Out[3]= 0.475359

In[4]:= Plot3D@Sin@x + y^2D, 8x, -3, 3<, 8y, -2, 2<D

Out[4]=

In[5]:= Factor@x^1000 - 1D

Out[5]= H-1 + xL H1 + xL I1 + x2M I1 + x4M I1 - x + x2 - x3 + x4M I1 + x + x2 + x3 + x4M
I1 - x2 + x4 - x6 + x8M I1 - x4 + x8 - x12 + x16M I1 - x5 + x10 - x15 + x20M
I1 + x5 + x10 + x15 + x20M I1 - x10 + x20 - x30 + x40M I1 - x20 + x40 - x60 + x80M
I1 - x25 + x50 - x75 + x100M I1 + x25 + x50 + x75 + x100M
I1 - x50 + x100 - x150 + x200M I1 - x100 + x200 - x300 + x400M

In[6]:= Grid@Table@Factor@x^n - mD, 8n, 10<, 8m, 3<D, Frame Ø AllD

Out[6]=

-1 + x -2 + x -3 + x
H-1 + xL H1 + xL -2 + x2 -3 + x2

H-1 + xL I1 + x + x2M -2 + x3 -3 + x3

H-1 + xL H1 + xL I1 + x2M -2 + x4 -3 + x4

H-1 + xL I1 + x + x2 + x3 + x4M -2 + x5 -3 + x5

H-1 + xL H1 + xL I1 - x + x2M I1 + x + x2M -2 + x6 -3 + x6

H-1 + xL I1 + x + x2 + x3 + x4 + x5 + x6M -2 + x7 -3 + x7

H-1 + xL H1 + xL I1 + x2M I1 + x4M -2 + x8 -3 + x8

H-1 + xL I1 + x + x2M I1 + x3 + x6M -2 + x9 -3 + x9

H-1 + xL H1 + xL
I1 - x + x2 - x3 + x4M I1 + x + x2 + x3 + x4M

-2 + x10 -3 + x10

In[7]:= Manipulate@Plot3D@Sin@x + y^3D, 8x, -a, a<, 8y, -b, b<D,
8a, 1, 6<, 8b, 1, 6<D

Out[7]=

a

b

In[3]:= Manipulate@Plot@Sin@xD + a Sin@b xD, 8x, 0, 20<,
PlotStyle Ø colorD, 8a, 0, 1<, 8b, 0, 10<, 8color, Red<D

Out[3]=

a

b

color
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In[4]:= Manipulate@RevolutionPlot3D@Sin@xD + a Sin@b xD,
8x, 0, 20<, PlotStyle Ø Opacity@.3, colorD, Axes Ø FalseD,

8a, 0, 1<, 8b, 0, 10<, 8color, Red<D

Out[4]=

a

b

color

Theory of the Sundial
Celestial Mechanics

Motion of the Sun
The eccentricity of the earth's orbit around the sun results in a time-dependent angular velocity. That, 
together with the tilt of the earth's axis, means that length of a sun-day depends on the time of the year. 
A sun-day may be either a few seconds longer or shorter than 24 hours. So the position of the shadow 
of the hand's end depends on the time of the year, too. After a few weeks the sundial constructed above 
might be wrong up to 16 minutes. 

ü Calculating the orbit of the sun

Find the position of the sun relative to the earth by solving the Kepler problem:

y£HtL = Hk cosHyHtLL+1L2

I1+k2M3
        rHtL = 1-k2

1+k cosHyHtLL

WithB:yser@t_D = t + ‚
j=1

3
yj@tD kj + O@kD4>,

yser@tD ê.

DSolveBLogicalExpandB y'@tD ã
H1 + k Cos@y@tDDL2

I1 - k2M3ê2
Ì y@0D ã 0 ê. 8y Ø yser<F,

8y1@tD, y2@tD, y3@tD<, tFF

Analemmas

planet Earth

choose orbit manually

axis angle relative to ecliptic

spring equinox point

orbit eccentricity

show sun snapshots

show scales

winni
Neuer Stempel

winni
WRI_Adresse White


