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SDC]E The Sage Notebook

Version 5.11

The new Sagemath Cloud is in Beta Test.

Work with Sage, or run Python, R, GAP, M2 and more in the Cloud. Sign into the Sage Notebook v5.11
Username
Welcome!
Sage is a different approach to mathematics software. Password

The Sage Notebook

) Remember me
With the Sage Notebook anyone can create, collaborate on, and publish interactive worksheets. In a worksheet, one can write

code using Sage, Python, and other software included in Sage. [ sign in |
General and Advanced Pure and Applied Mathematics Browse published Sage worksheets

(no login required)
Use Sage for studying calculus, elementary to very advanced number theory, cryptography, commutative algebra, group

theory, graph theory, numerical and exact linear algebra, and more.

oO! OpenD
Use an Open Source Alternative Google™|| "= |

By using Sage you help to support a viable open source alternative to Magma, Maple, Mathematica, and MATLAB. Sage a @ BeBNY s
includes many high-quality open source math packages.

. e Select an OpenID id
Use Most Mathematics Software from Within Sage SIS PR Il

Sage makes it easy for you to use most mathematics software together. Sage includes GAP, GP/PARI, Maxima, and Singular,
and dozens of other open packages.

Use a Mainstream Programming Language

You work with Sage using the highly regarded scripting language Python. You can write programs that combine serious
mathematics with anything else.
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Request for Permission

GO 0816 ma1s11.mcloughlin@gmail.com ~

Sagenb.org -

Sagenb.org would like to:

bl View your email address (i )
View basic information about your account (i )

Sagenb.org and Google will use this information in accordance with their
respective terms of service and privacy policies.

Ca“cel
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® 006 Create your Sage profile -- Sage o
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The Sage Notebook

Version

Create your Sage profile

1. Create a username
Your username must start with a letter and be between 3 and 64 characters long. You may only use letters, numbers, underscores, @, and dots.
'MA1s1 1_mcloughlin |

2. Enter your email address
Y our email address is required for account confirmation and recovery.

malsll.mcloughlin@:

Create profile
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® 006 Active Worksheets -- Sage

Version 5.11

New Worksheet Upload Download All Active

Current Folder: Active Archived Trash
@] Active Worksheets Owner / Collaborators

Welcome to Sage! You can create a new worksheet, view published worksheets, or read the documentation.

SmEThe Sage Notebook MA1s11_mcloughlin | Home | Published | Log | Settings | Help | ReportaProblem | Sign out

Last Edited

Search Worksheets
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Sagemath Cloud

https & cloud.sagemath.com

Sign in websocket
9 A

Sign in (or create an account)

Computational mathematics in the cloud [Emai

Password

Worksheets: Sage, R, Python, Cython, GAP, Macaulay2, Singular, and much more

Color terminal '.
Latex editor with inverse and forward search Sign in

Collaborative editing of all document types
o |Python notebooks Forgot your password?
e Cloud IDE: write, compile, and run code in most programming languages

e There are currently 288 cores, 1.2TB RAM and 50TB disk space dedicated to the
Sagemath Cloud cluster.

¢ This is a free service of the University of Washington, to encourage the usage of open
source mathematical software. Additional for pay features will be available soon.

In case of problems, immediately email me (William Stein) at
wstein@uw.edu. | want to know if anything isn't working!




@& safari File Edit View History Bookmarks Develop Window Help VENAD 3 = ¢ 100%5E Wed10:15 Q =

® 006 Sagemath - Projects '

(<[> ] @ g l_’ https @ cloud.sagemath.com/projects

© Help = Projects £+ mats11.mcloughlin@gmail.com ~ Wwebsocket ¥

Projects

. Al ®Public @ Private @ Deleted i i [x]
New Project Find a project...

Showing all projects
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Sagemath - Projects

Projects Create a New Project

- A project is a complete self-contained collection of files and folders. Sharing and
S collaboration occurs at the project level.

Title

MA1s11

Description

[Class worksheet ]

You can change the title and description at any time later.

© @ Public

Anyone can see the contents of this project. You choose who can
modify it.
O @ Private

You choose who can see and modify contents of this project.

Create Project Cancel
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@ Help Eprojects £ MAIst1 x L mats11.mcloughlin@gmail.com ggbsmka :ﬁ

2ms

(= Files @ Recent
Add to home directory of project

+ New file, new directory, or 2013-12-04-101702

web link

B & Q

Create a new Sage worksheet

[3 Sage Worksheet

[3 IPython Notebook | _XF (IR

& From your computer

'Drop ﬁles to upload

(or click)
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® 006 MA1s11 - Computer Algebra (Sage) R

SCQE The Sage Notebook MA1s11_mcloughlin Toggle | Home | Published | Log | Settings | Help | ReportaProblem | Sign out
Version 5.11
MAI1s11 - Computer Algebra [ save & quit | | Discard & quit |

last edited Dec 3, 2013 9:21:40 AM by MA1s11_mcloughlin

(File.. +)[Action #)(Data.. #)(sage &) () Typeset [ Print | Worksheet | Edit | Text | Revisions | Share | Publish |

We can enter matrices by using the command Matrices and then entering a list of lists. For example the matrix A

1 2 3
A=12 3 1
211

’ )

’A=Matrix([[1121311[2131111[21111]])

Z|

‘A*A
|
[11 11 8]
[10 14 10]
[ 6 8 8]

‘ A*A*A

[49 63 52]
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e https & cloud.sagemath.com/projects/cb38ef11-6a8f-4dd1-9469-c12f0ad61dd5/files/2013-12-04-101702.sagews

@ Help Srrojects (& Mats11 x

= Files @ORecent @New Elog & Q KUERAZSSIUKEEE
Q A v =

v
: i websocket
'a' ma1s11.mcloughlin@gmail.com 199ms :ﬁ

>» » 0 © 5 ¢ » = = 2 A A 5 B 2013-12:04-101702.53gews 4 @)
1
2 AeMatrix((11,2,31,(2,3,11,(2,1,11)
3
4
5 A*A
61111 8]
[10 14 10]
[ 6 8 8]
7
8 A*A*A
7 149 63 52]
(58 72 54]
[38 44 34]
10
11
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A=Matrix([[1,2,3],[2,3,11,[2,1,1]])
Z|

‘We can also define undetermined variables.

var('xl x2 x3')
2|

(x1, x2, x3)

and make a vector out of them

x=vector([x1,x2,x3]);x

N

(x1, x2, x3)

‘We can multiply our vector by the matrix to get a new vector

A*x
%

evaluate

(x1 + 2*x2 + 3*x3, 2*x1 + 3*x2 + x3, 2*x1l + x2 + x3)
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® 006 MA1s11 - Computer Algebra -- Sage )

Defining the variables 1, 2 and 3

var('xl x2 x3'
Z|

‘We can consider the linear equations
14222433 =1

2c1+3x2+x3 =2
2c1+z2+23=1

= x1+2*x2+43*x3==1
_____ 2*%x143*x2+x3==
eg3 = 2*x1+x2+x3==

o ‘0
ia i
N (=
no

)

and then solve them

solve([egl,eg2,e93],x1,x2,x3)

[[x1 == (3/10), x2 == (1/2), %3 == (-1/10)]]
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Defining the variables 1, 2 and 3

var('xl x2 x3'")
Z|

(x1, x2, x3)

‘We can consider the linear equations

z1+2x2+3z3=1
2c1+3x2+x3 =2
2c1+z2+23=1

eql = x1+2*x2+3*x3==1
2%x1+3*x2+x3==2
= 2*x1+x2+x3==

(1]
e}

N

]

ol
e}

w
I

N

and then solve them

solve([eql,eg2,e93],x1,x2,x3)

[[x1 == (3/10), x2 == (1/2), x3 == (-1/10)]]
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Version 5.11
MAI1sl11 - Computer Algebra | Save & quit || Discard & quit |

last edited Dec 3, 2013 10:27:53 AM by MA1s11_mcloughlin
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‘We can of course solve these equations by finding the reduced row echelon form of the augmented matrix

A=Matrix(QQ,[[1,2,3,11,[2,3,1,21,[2,1,1,1]])

2

Remember that if we want to find the reduced row echelon involving fractions we have to tell the computer package. Here this is specified by the QQ in the argument of Matrix.

A.echelon_form()

Z|
[ 1 0 0 3/10]
[ 0 1 0 1/2]
[ 0 0 1 -1/10]

we can immediately read off that z1 = 3/10, z2 = 1/2 and 3 = —1/10 as before.
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Basic Algebra and Calculus — Sage Tutorial v5.12 >
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S D] sage Tutorial v5.12 » A Guided Tour »

previous | next | modules | index
Basic Algebra and Calculus

Sage can perform various computations related to basic algebra and calculus: for example, finding solutions to equations, differentiation,
integration, and Laplace transforms. See the Sage Constructions documentation for more examples.

Solving Equations

Solving Equations Exactly {

The so1ve function solves equations. To use it, first specify some variables; then the arguments to soive are an equation (or a system of
equations), together with the variables for which to solve:

sage: x = var('x'")
sage: solve(x"2 + 3*x + 2, Xx)
[x == =2, x == =1]

You can solve equations for one variable in terms of others:

sage: x, b, ¢ = var('x b ¢')
sage: solve([x"2 + b*x + ¢ == 0],x)
[x == -1/2*b - 1/2*sqgrt(b"2 - 4*c), x == -1/2*%b + 1/2*sqrt(b”2 - 4*c)]

You can also solve for several variables:

sage: X, y = var('x, y')
sage: solve([x+y==6, x-y==4], X, Yy)
[[x ==5, y==1]]

The following example of using Sage to solve a system of non-linear equations was provided by Jason Grout: first, we solve the system
symbolically:

sage: var('x vy p g9')
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Getting Help

Sage has extensive built-in documentation, accessible by typing the name of a function or a constant (for example), followed by a question
mark:

sage: tan?

Type: <class 'sage.calculus.calculus.Function_tan'>
Definition: tan( [noargspec] )
Docstring:

The tangent function

EXAMPLES:

sage: tan(pi)
0
sage: tan(3.1415)
-0.0000926535900581913
sage: tan(3.1415/4)
0.999953674278156
sage: tan(pi/4)
1
sage: tan(1/2)
tan(1/2)
sage: RR(tan(1/2))
0.546302489843790

sage: log2?

Type: <class 'sage.functions.constants.Log2'>
Definition: log2( [noargspec] )
Docstring:

The natural logarithm of the real number 2.

EXAMPLES:
sage: log2
log2
sage: float(log2)
0.69314718055994529
sage: RR(log2)
0.693147180559945
sage: R = RealField(200); R




