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dno extension at all

®no electronic submission

®no mailbox submissions
Bdwill be graded by Oliver

®is important part of the course

doallery of best submissions

i:ri 0000000000000000000



,/

il

(P N S VSN NI
¥

PRIV TR TSR TARN TE VIR VORISR TR VS WOty N

Friday, November 20, 2009



t  @installation
=
S
=
A =
%

Friday, November 20, 2009



t @ installation
® the user interface

newcomers

>

already users

Friday, November 20, 2009



t @ installation
® the user interface

newcomers

® getting started

>

already users

Friday, November 20, 2009



t @ installation
® the user interface

newcomers

® getting started

>

®the assignment

<

already users

Friday, November 20, 2009



t @ installation
® the user interface

newcomers

® getting started

>

®the assignment

<

® demonstrations

already users

Friday, November 20, 2009



¢

>

<

already users
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newcomers

® installation

@ the user interface
® getting started
dthe assignment

® demonstrations

d questions&answers
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installation

B get the program

®start up and get the id
®submit password request
® enter password
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g0 to the FAS
download page

® you need a HUID and pin to access the page

® www.fas.harvard.edu/cgi-bin/software/download.pl

FAS Software Download (FAS Computer Services (HAS(

/\.-: — . . a , . M 4 ]
&9 http://www.fas.harvard.edu/cgi-bin/software /download.pl
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step 1:
get the program
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| ,_._'download the pam'f

loads AS Information 1ecnnol ;,:

= Desk Support Agent
= " Support Agent 18.7Mb MacOS X

LANDesk software enables FAS-IT to provide routine system and security patches, software
updates, inventory control and remote IT support across the campus. For more information please
see http://isites.harvard.edu/LANDesk Install on Harvard computers only. Not for personal use.
Requires OSX, v10.4.11 to v10.5.8.

= Logger Pro 3.6.1 1847Mb  MacOS X
Data-collection and analysis software. Requires OSX, v10.3.9 or later.

Mail.app Configurer 3.1 0.5Mb MacOS X
= '_"_"j"_ Use this script to configure Apple's OS X Mail.app for servers using SSL.
= Maple B3 13.0 265.1Mb MacOS X Keyed

Mathematic software. Installer includes a script with instructions to select the Network License
option and enter licensel.fas.harvard.edu as the License Server. Requires OSX, v10.4.4 or later.

Mathematica 7.0.0 588.0Mb MacOS X

Mathematic software. Student License Number: L2983-5986. Faculty/Staff License Number:
: = L2482-2405. Please follow on-screen instructions to request a password and complete the
j/ installation. Password requests must be made using your Harvard emall address. Expmng

- - A AL
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&

Graphical programming software for measurement and automation. Requires Windows 2000/XP
/Vista.

LANDesk Support .
sgent 3 31.7Mb Windows

LANDesk software enables FAS-IT to provide routine system and security patches, software
updates, inventory control and remote IT support across campus. For more information please see =
http://isites.harvard.edu/LANDesk Install on Harvard computers only. Not for personal use. =

LANDesk Survey 3.4Mb Windows
Computer survey to help associate a computer with its primary user. /
Logger Pro 3.6.1 93.8Mb Windows
Data-collection and analysis software. Requires Windows 2000/XP/Vista. =
Maple & 11.01 219.5Mb Windows Keyed =
Mathematic modeling and simulation software. Requires Windows 2000/XP/Vista. =
Mathematica 7 457.3Mb  Windows =

atic software. Student License Number: L2983-5986. Faculty/Staff License Number:
$2-2405. Please follow on-screen instructions to request a password and complete the
inStallation. Password requests must be made using your Harvard email address. Expiring
passwords must be replaced annually with a new password by returning to the Wolfram
registration page: http://reqgister.wolfram.com Mathematica instructional resources may be found

at: http://www.wolfram.com/learningcenter/
Matlab Part 1 of 3 R2009a 2048.0Mb  Windows

L

AR

Friday, November 20, 2009



Friday, November 20, 2009




for Linux, contact
me

® we can provide you
with a CD image

® or a tar ball with
the program
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N Y Home ‘Webmail my.harvard
L) FAS
TAS

INFORMATION Search this site L)
TECHNOLOGY

GUIDE TO SERVICES I GENERAL INFORMATION | SOFTWARE DOWNLOADS | EMAIL TOOLS | ABOUT US | HELP

Software Downloads

This software is provided for the exclusive Lse of FAS Faculty, Staff and

Students. Any distribution, copying, or transferring of this software is a violation
of applicable copyright law.

@) accept
@)1 do not accept

Continue|

Harvard University FAS  Submit Feedback
Copyright © President & Fellows of Harvard College.

Friday, November 20, 2009



Fj X % Home ‘Webmail my.harvard
| Ve U N

: : 2
NIZOLWPEYIONE Opening Mathematica_7.exe
TECHNOLOGY

You have chosen to open

Mathematica_7.exe

which is a: Application
from: http://downloads.fas.harvard.edu

ABOUT US | HELP

GUIDE TO SERVICES | GENER

What should Firefox do with this file? . .

Software Dow

Your download should b
download

Return to Software List OK Cancel ]

— S

Harvard University FAS  Submit Feedback
Copyright © President & Fellows of Harvard College.
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e s

) Downloads

Mathematica_7.exe

Pause 194.7 MB at 1788 KBfsec; unknown file size

Open
Remove

xpiinstall-6ul1-fcs-b...i586-25_nov_2008.exe  Open
Done Remove

Friday, November 20, 2009



step 2:
install the
program

Frridéy, NoVember 20 00000



Took

sk ~ © - ¥ ) search | Folders

e55 L) C:\Documents and

File and Folder Tasks R

QRenameth‘sﬂe
By Move this file
[) Copy this file

eptbl‘shthisfletothe
Web

) E-ma this fiie
¥ Delete this file

Other Places R
) oliver

) My Documents

o | Shared Documents

W My Computer
g My Network Places

Details R

Mathematica_7
Application

Date Modfied: Today,
November 17, 2003, 8:54
PM

v

1 100% &

6174559000
helpofas harvard adu

e
ses|¥

This software is provided for the exclusive use of FAS Faculty,
Staff and Students. Any distnbution. copying, or transfemng of
this software is a violation of applicable copyright law.

By clicking agree below, you are acknowledging you are a
Harvard University FAS affiliate.

d Mathematics. ..

copying,

JTI1EEEEEEEEEE .- ==

Friday, November 20, 2009



& B (=&
File Edit VYiew Go Bookmarks Tools Help

<\;I v v [ég T\/ﬂ | http:ffwww.fas.harvard.edufcgi-bin/softwarejdownload.pl?license=acce [ Go IGL

’ Getting Started L.‘ Latest Headlines IG] Google D Rhetorik Homepage ﬂ Qlivers Homepage == Mathz1b, Spring 200... = Harvard Mathematics...
N

Faculty of

& Avssens, . Computer Services

home | @fas email account software downloads about us hel

WinZip Self-Extractor - Mathematica_6.exe @
oftware Download

To unzip all files in Mathematica_B.exe to the
ified fold the Unzip button.

R i b s R 1 Puse of FAS Faculty, Staff and Students. any distribution, copying,

Uressiio roier RunWinZip | bwvare is a violation of applicable copyright law.

e o toee | Putomatically. You may click here to begin the

v Ovenwrite files without prompting About

v ‘When done unzipping open:

Asetup.exe Help

T3 0 T4 VA A
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us. Tue Nov 17 21:01 C=F (98%)

pp _ File  View _ Virtual Machine Devices Window _Applications _Help D ocCom = e

" mathematica_2009

J D@ E TCEHSLdIf oDsEEte 0®0Ad|

2 [ :) L | Gl | EEEE | X
Slides =

L\
Deskto L AE B l -l

Stroke: | 2 | led L el | opacy| la)...

- oy I Auto-shrink

B Qe - ) ¥ Osean
Address |2 Ciiocuments and Settingsl) = FAS Installer - Mathematica 7 | | Go  Brd Mathematics. ..
- A

File and Folder Tasks 2

Extrachng setup.exs

im Rename this fils
.;s Move this file
. 3 Copy this fle
a Publish this fle to the
Web
&) E-mal ths file

C »
¥ Delete this filke e

»

Other Places

() oliver ‘ Destination foldar
J My Documents :

L) Shared Documents

i My Computer (m ]
\3 My Network Places

Installation progress l

»

Details

| €

Mathematica_7
Application

Date Modfied: Today,
November 17, 2009, 6:54
PM

4 |
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ile View Vi in i Wi lications Help 0] L = 4) = us. Tue 17 21:11

"I mathematica_2009

> E.@.EH THEdf OSNESHES O0®O0AG

i [ (2] | | b r',u_J|§:;;.};£ |Z 0y | | | Auto-shrink | Stroke: | 2 [ L "'ir-u"' _| Opaciy (2] .
Slides =
. Jeskiop L uya'—
em 3 \J ‘,’ /SMCh 9 Folders @'
LRl Fa e persy & Wolfram Mathematica Setup : Go  jbrd Mathematics...
-~
File and Folder Tasks Completing the Wolfram
Mathematica installation i
3 Make & new foldar
(%) wb::"h this folder to the Waolram Mathematica has been nstalied on your computes.
2
bad Share this foldar Chick Finish 1o exil.
Launch Wollram Mathamatics
Other Places copying, |
Q oliver ~e
&) My Documents
) Shared Documents )
j My Computer
‘3 My Network Places
Frush
vige
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step 3:
request a
password

Frridéy, NoVember 20 00000



Yolfram Mathematica 7.0
Graphics Evaluation Palettes Window Hebp

Edt

Insart

Format  Cel

File and Folder T

) Make & new I

Wolfram Mathematica7

e Publish this fol

Web

bad Share this fold

—

Other Places

) oliver
_J My Documenty
) Shared Docun]
.J My Computer
& My Network P

Details

Desktop
Fie Foldar

Date Modiied: Tod

November 17,

Please salact your instalation type and enter the required information below,

(3) Single-Machine Licansa

A machine-specfic password wil be Name | obver kil
required, Pleass enter your name,
organization, and icanse number. Then Organization | Harvard Universiy
chck OK to continue.

Ucense Number | L2432-2405

() Natwork Licanse
You wil obtain a license from a server on —
your local network each time Mathematica is

launched.
Enter the name of a server running & Mathematica Iicense manager

l Help l Neead help finding your bcensa number?
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~ B Product Activation
8 Qe - O

Address |ICJ C:\Do¢

wewsrosel \Wolfram Mathematica’7

J Make & new fq
& Fublish this fof

Web
bad Share ths fold

The quickest and easiest way to obtain a password is to register

Other Places on the web, Click the Web button to open your browser and
register to obtain your password,

() Oliver

E 3 b139-69266-63556
L) My Documenty

) Shared Docung Password

.J My Computer

& My Network M NOTE: The infoemation you provide when you register wil only be
used at YWolram Research. Your Information will never be sold or
provided to anyone ekse.

[Cther Ways to Req’ster] [ Back ]
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R

5 IA.

File Edt VYiew Go Bookmarks Tocols Help

".-—- ~ \ P
=

P {{' http:jiregster . wokram.com/?verdon=6,08cense=248224058s0urce=Mat v 'i Go G.
’ Getting Started Lo Latest Headines |G| Google D Rhetork Homepage ﬂ Obvers Homepage Math21b, Spring 200 Harvard Mathematics
FAS Softwars Download (FAS Computer Ser.. 58 Wolfram Rescarch Product Registrati... %
¢ RA B AK PROD PUR 3 3 ABO 0

SERVICES & RESOURCES

Wolfram Research Registration

& rlease select your action

+) 1 want to register a product and generate a password.
)1 already have a password. I just want to register

Done

aFram Recaarch P > O@.}: ","'l_’";-"iiw"'
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Mathematica

The quickest ;
on the web.
register Lo ob

MathiD

Passomord

NOTE: The inf}
used at Wolfr
provided to o

Friday, November 20, 2009

A )
L) » ’ 3 M ) LU e H » U L 0 . .
File Edt View Go Bookmarks Tools Help
= * ) | mitps:ireg
& - [ g |8 s firegisker . wolfram. comf

. Getting Started e Latest Headines |G| Google D Rhetork Homepage ’ Obvers Homepage

FAS Software Dowrload (FAS Computer Ser.. 48 Wolfram Research Product Registrati...

& Enter your single-user MathIDs

Slick here if you need help finding your MathID

MathlD Machine Name

1969266635546 paralle .‘I

& Enter your network-based MathIDs

Chick here if you need help finding your MathID.

MathiD Machine Name

Done

= BX]

vy O co ||IGL
Math21b, Spring 200... Harvard Mathematis. ..
~
Processes
v

regster . wolram.com %

” m'r—ﬁ?] M




Mathematica, ] o

File Edt Yiew Go Bookmarks Tools Help
= - &5 ) |2 netps:jireg v O ~)
¢ T gl | N ps:Jregister . wolfram.comf ' 2 Go ||GL
The quickest E c o [ . . -
on t:: web. ’ Getting Started Ly Latest Headlnes L, Google 0 Rhetork Homepage ’ Obvers Homepage Math21b, Spring 200... Harvard Mathematics. ..
R tn’
FEGEEr Lo OOY s Software Downioad (FAS Computer Ser... 4% Wolfram Research Product Registrati... %
MathlD - ~
Ttle Dr v
Passmord
First name  oliver

Last name knill
NOTE: The inf}
used at Wolfr Organization harvard university
provided to o

Name and location (e.q., University of Hllinois at

Urbana-Champaign)
Department mathematics
Lab or faality
Email address knill@math.harvard. edu
Confirm email address knill@math. harvard. edy

Note: Your registration information, incuding your passvord (if applicable), will be sent to the above
email address, We will not give out your email address to anyone,
Please list without international access and

Phone 617 495 S549
country codes,

Phone type () Home %l w ork
[ Continue
v
Done regster.wolram.com 4
1 OfTS M ach ¥ ? £l : T;(h
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Mathematica

The quickest

on the web.

regicter Lo ob
MathID

Passwmord

NOTE: The inf}
used at ‘Wolfr

provided to af
)
' - - h F
T 2
— : = z
= —
- - — ~
o
ot —— = - -5
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Ressarch Product Registration - Mozila Firef DEX

File Edk  View

Go Bookmarks Tocols Help

< ‘ | ~ v ::_1/,7 Ly l\ T https:jiregicter. wolfram.com/ Av O e |IGL
B Getting Started Ly Latest Headines |G Google D Rhetork Homepage ’ Olvers Homepage Math21b, Sprng 200.. Harvard Mathematics. ..
FAS Software Download (FAS Computer Ser.. 58 Wolfram Research Product Registrati... %
. (P = & cuoge W AT U WA 7,

WOLFRAMRESEARCH PRODUCTS PURCHASING  FOR USERS ABOUT US  OUR SITES

SERVICES & RESOURCES

Mathematica Site Registration
Thank you for your password request,
Your passwords have been sent to your site administrator.

If you have any questions about Wolfram Research or our products, please contact Wolfram Research
Customer Servica

In U.S. and non-European countries:

email: register@wolfram.com

phone: +1-217-398-5151 (8 a.m.-S p.m., M-F, U.S, Central Timea)
fax: +1-217-398-1108

In Europe:

email: ragistar@wolfram.co.uk

phone: +44-{0)1993-883400 (9 a.m.-5 p.m., M-F, GMT)

fax: +44-(0)1993-883800

Done register . wolfram.com “4

> s Q! .:' UG PV




step 4:
enter the
password

Frridéy, NoVember 20 00000



5 X
»ufe
5 1'%
~ :
Mathematicag S 2vd 9% 0« [C
b e, =
Math21b, Spring 200... Harvard
95.7 Mo |Window
The quickast and easiest way to obtain a pasoword & Lo register
on the web, Chck the YWeb button to open your browser and
register to obtain your password,
MathiD = .
: » ted 219.5 Mb [Window
Password [ Web J
2 information you provide when you register wil only be
v/ Wolfram Research. Your information will never be sold or
, d o anyone eka
454.2 Mo [Windo
Ir
[C(her Ways to Rec:sterJ [ Back J
Windows 2000/XP/Vista and an R2007a 636.1 Mo |Window:
on-campus or VPN network
e as - ails sl
<
Done
. " - -y | ',
e - —
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the user interface

® notebooks
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® notebooks

3 cells
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the user interface

® notebooks

3 cells

®submitting commands
®the menu

® stopping the kernel
®saving the notebook
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notebooks
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matica File Edit Insert Format Cell Graphics Evaluation Palettes Window Help

txpande

Complextxpandle

mathematica_2007
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)))

Sun 22:44 @& (52 Q

atica File Edit Insert Format Cell Graphics Evaluation Palettes Window Help -

I

Is
74.21 GB, 13.28 GB free

mathematica_2007
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cells
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Mathematica File Edit Insert Format Cell Graphics Evaluation Palettes Window Help

& Untitled -1

This is acell, start typing
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athematica File Edit Insert

& NN

Cell Graphics

Evaluation

Clear Formatting {
Option Inspector...
Stylesheet

Screen Environment
Edit Stylesheet...

Show Fonts...
Face

Size

Text Color
Background Color
Cell Dingbat
Magnification

Text Alignment
Text Justification

J

Word Wrapping

Palettes Window

Title

Subtitle
Subsubtitle
Section
Subsection
Subsubsection

Code

/ Input

Output

item

Subitem
InlineFormula
DisplayFormula

LKL ENT
w N m
=]

(V0 I -

o

3t &}
O of

DisplayFormulaNumbered

Program

Other...
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submitting
commands
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athematica File Edit Insert Format Cell Graphics Evaluation Palettes Window Help
¥ Untitled-1
. 8in[0.2343]
1= 0.232162

grab bracket,

hold <shift> ke
and hit <returnp>
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the menu
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Mathematica Bz & Edit Insert Format Cell Graphics Evaluation Palettes Window Help
New P
Open... #£0 ¢ Untitled-1
Open Recent P -
Close EW

Save £S
Save As... O XS

Install...

Printing Settings

File operations
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Mathematica File J=. 18 Insert Format Cell Graphics Evaluation Palettes Window Help

Undo ¥Z
& N( % Untitled-1

Copy As
Paste

Extend Selection
Select All

Find
Check Spelling...
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Mathematica File Edit Bl {4& Format Cell Graphics Evaluation Palettes Window Help

Input from Above L
®MNO QOutput from Above {3l tled-1

Special Character...
Color...
Typesetting
Table/Matrix
Horizontal Lines
File Path...

Picture
File...

Hyperlink... ¢ 3EH

Automatic Numbering... I n
Page Break
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atica File Edit Insert Format pe |l Craphics Evaluation

“YeoXe

Cell Properties
Cell Tags
Crouping

Notebook History...
Delete All Output

Show Expression

Palettes

Window

Help

£

—
-

<) =

Friday, November 20, 2009
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dit Insert Format Cell

Bec <3 Evaluation Palettes Window

New Craphic ~3
Drawing Tools T

Help

~

GCraphics Inspector

Rendering

Friday, November 20, 2009
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Sun 22:48 @1 48% Q

LALLLLLS

Is
74.21 GB, 13.28 GB free

e
workshop

mathematica_2007




File Edit Insert Format

Cell

Graphics BaCUELGHE Palettes Window

¢ Untitleg

kernel

control

Evaluate Cells

Evaluate Initialization Cells

/ Dynamic Updating Enabled

Convert Dynamic to Litera

Debugger
Debugger Controls

Find Currently Evaluating Ce

Kernel Configuration Options...

Default Kernel
Notebook's Kernel
Notebook's Default Context

Start Kernel
Quit Kernel

Friday, November 20, 2009
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smatica File Edit Insert Format Cell Graphics Evaluation

®MNO % Untitled-1

[
' Palettes

18 Window Help

AlgebraicManipulation
BasicMathinput
ColorSchemes
NotebooklLauncher
SlideShow
SpecialCharacters

Install Palette...

B § = ¢) = Sun22:48

EnQ A &
¥
We 4 : 1

Friday, November 20, 2009
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matica File Help m p = ¢) = Sun22:48

Edit Insert Format Cell Graphics Evaluation Palettes Window

®NO <% Untitled-1

Documentation Center
+ Find Selected Function O RF

Wolfram Website...
Demonstrations...

Li

LA

] Internet Connectivity...
41 Cive Feedback...
Online Registration... 74.21 G
a2 e Why the Beep?...
' Why the Coloring?...
= ‘ Startup Palette... '
= -
44 U 3
- \Ll

p 1

L Sl ML
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stopping the
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matica e

t

e

ormat nput erne n inaow elp

® 606

In1]=

Out[1]=

IN[2]:=

Out[2]=

IN[3].=

Running...Untitled -1

FactorInteger|[2* (277) + 1]

{{59649589127497217, 1},
{5704689200685129054721, 1})

FactorInteger[2* (278) + 1]

{{1238926361552897, 1},

{93461639715357977769163558199606896

584051237541638188580280321, 1}}

FactorInteger[2” (2712) + 1]

LORC | G0 i #BEE @FITEH sk eV sEeF I
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®we are stuck

®the 12th Fermat number has
not yet been factored
completely. Mathematica could
try for years to factor it.

®We have to stop the kernel.
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AR B AVANRPARY

PU R AVTERALT)

ALY

(AR

i

\
!
A

$

|

"N-la-t'hematlca
o6

INn[1].=

Out[1]=

IN[3].=

File Edit Cell Format Input RGGEE Find Window Help - 1
Evaluation » b
Interrupt Evaluation... ®,
Abort Evaluation 2.

Start Kernel »
Fact {1 Quitkemel > ) + 1]
Default Kernel B
Notebook's Kernel »
Kernel Configuration Options...

v Show In/Out Names

{{596495‘ Delete All Output 1} ’
{5704689200685129054721, 1}}

FactorInteger[2” (278) + 1]

{11238926361552897, 1},

{93461639715357977769163558199606896

584051237541638188580280321, 1}}

FactorInteger[2” (2712) + 1]

(=)
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saving the
notebook
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@ Mathematica I Edit Cell Format Input Kernel Find Window Help

¥N

- @GR e Untitied-1
= % i Open... %0 |
= . Open Recent -
= - In[ 1 ] . Open Special...
New § Import... ~ ~
Close «w|1teger[2* (277) + 1]

;5_ -1

”_ g Save

= P m
- OUt[ Save As Special... >

®S

" B 189127497217, 1},

«.3; 19200685129054721, 1}}

o | Printing Settings 3

, ‘51 In[2]: Print... %P

1-= FactorInteger[2” (278) + 1]

B ou-

E {{1238926361552897, 1},

1 g {93461639715357977769163558199606896-
] 584051237541638188580280321, 1})
1

sz__ In[S]::

\ '\\ (

FactorInteger[2” (2712) + 1]

SAborted

= 4)) Wed 10:51PM

=
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o @ BDUETUEY File Edit Cell Format  Input  Kernel Find Window Help a 3 = 4 Wed 10.51PM (

, : About Mathematica... . Untitled-1 (] '
e
= neevanenaica. xv - FactorInteger[27 (277) + 1] L
’- “t Quit Mathematica %Q .: '}
]! ({59649589127497217, 1}, 1]
;.“5 {5704689200685129054721, 1}} .'
= ol | |
= (| In2)= i s
= = FactorInteger[2” (278) + 1] Fl'
il outf2)=
= E {11238926361552897; 1.}, +1]
f;“; {93461639715357977769163558199606896
— M 584051237541638188580280321, 1}} T
sxl 2163¢
el nia)- |
FactorInteger[2” (2712) + 1]

Out[3]= 1P + 1

SAborted
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Remember Murphy’s law

-~

Anything that
can go wrong,
will.
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Murphy was
an optimist!

:Y____ -

Harvard
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getting started

@ use as a calculator
@ use as a graphing calculator

@ use as a computer algebra system
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use as a
calculator
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=Xa) Fa e
_t _’ L_.. ‘J' =X Pivied:2 Dﬁ MacinxothD

— m:dei_ |n[1]::
Tn | 123412341234123412341234 «
;;ﬂ : 123412341234123412341234
e Out[1)=
= 152306059688877178546937297 -

s« @HNTCH) g TREYYSE

. I 43891480857256642756
1 IN[6].=

u;_J N[Pi, 100] &
out[6]= ‘ Q
3.1415926535897932384626433- | Q
83279502884197169399375105~ g
820907494459230781640628620 &
8998628034825342117068 é
IN[10]:= 4
24 (2~ (272)) !
Out[10]= ;
65536 %
8 £

Pr——
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use as graphing
calculator
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.- Plot3D[ 8in[x~2v], {x, -3, 1}, {y, -1, 1}]

Outli]= = SurfaceGraphics -
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use as computer
algebra system

Frridéy, NoVember 20 00000



e TNEAGEEa (81N (5 4 %] 710,-(% O, PLL2}; Ty O m/z}]
' 21 63 7?

s
50 = 1024

= Outld)=

Integrate[Sin[sSqrt[x]], x]
Out{10]s -2 '\/; Cos ['\/;] +2 Sin ['\/;]

i) =
f[x_,v ,2_ ] :=Log[xy] + Sin[Cos[x*2 + y]]
D[f[x, v, z], {x, 2}] + D[£f[x, v, 2], {y, 2}] +

D[f[x, v, 2], {2, 2}]

1 1 2 2
iz — e Cos [x“ +y] Cos [Cos [x“ +¥]] -

x2 vy
4 x? Cos [x? +y] Cos [Cos [x? +¥]] -

2 Cos [Cos [x% +y]] Sin[x? +y] - Sin[x% +v]° Sin [Cos [x% +Y¥]] -

4 %7 Sin[x? +y]~ Sin[Cos [x? +v]]

Series[Cos[Pi (x + 1)] + 8in[x], {x, O, 4}]

"2 x2 3 7'-4 x4
Out0)e -1 +x + - +O[X]5
2 6 24
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the assignment

® getting the assignment
®walk through

dthe actual problems
dtips for working

®fine tuning graphics
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getting the file

Fridayr, Nove_mbe} 202 00000000000



P . .,z » http: / fwww.courses.fas harvard.edu/~math21a/

SYLLABUS CALENDARI SECTION| HOMEWORKl ‘EXAMI EXHIBITl HANDOUTI LAB

H

Course he
Offi
Email: knill@m

TWITTERI FAQ| LINKSI

« We have a Mathematica workshop on Thursday, November
19th from 7-8:30 PM in Hall D.

« The Mathematica assignment is now available here. (You
have to save the file onto your desktop, then open it in
Mathematica). There are three problems at the end of the
notebook. The assignment is due during the last lecture of
the semester. In print. Here are some interface templates to
get started with problem 3. Even so the assignment can be
done in a relatively modest amount of time (2-3 hours),
start early!

« The final exam exam on Saturday December 19 2009 takes
place at 2 PM. See the Exam schedule.
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B http: / /www.courses.fas.harvard.edu/~math2 1a/labs/index.html wY *q+ Google

6760, Math 21a, Fall 2
Mathematica project Math 21a, Multivariable Calc

Course head: Oliver
Office: SciCtr
Email: knill@math.harva

ﬁllEVV SYLLABUS | CALENDAR| SECTION| HOMEWORK | | EXAM | EXHIBIT | HANDOUT | LAB| TWITTER | FAQ 5 LINKS

install Mathematica 7 on your own computer, get the program here. start up the application and follow the instructions. You need the Harvard
cence number L2482-2405. The from your computer generated Machine ID will need to be entered into the Mathematica Registration page. In ret

will be sent a password by email. This is what you see during installation in

e Mac OSX.
e Windows XP.

ntact Oliver if you plan to use Mathematica on a Linux system.

e Mathematica assignment is available here. (You have to save this file on your desktop and then open it with Mathematica). Here are examples of
monstration ideas for the third "creative" problem.

Macintoshs or PC's. On Linux, just type "mathematica"” to start the notebook version, or "mat
tica code to classify critical points:

thematica is launched like any other application
start the terminal version. Example code: Here is {§a

f[x .,y Jisd xy~-xJy~-xyYy
a[x_,y_Ji*D[f[u,v],u] /. {u->x,v=>y}: D[x_,y_Jt*D[f[u,v],v] /. {0->x,v->y)
A=Solve({a(x,y|==0,b(x,y|==0},{x,¥}]:

CriticalrPointa=Tablel {A[(5,3,2]1),A014,2,2])1}.44,LengehiAl}]s
H({x_,y_}li={{C[£[u,v],{u,2}],D[D[£[u,v],v],u)},{D(D{£{u,v],u),v],D[£[u,Vv],{V,2}]
F[A_)t*A{[1,1)); Discriminant=Map[Det,Map[H,CriticalPoints])
FirstEntrysMap(¥,Map(H,Criticalpointa]|
Decide(d_J:=If(Det(D]<0, "saddle” 2L [(D[[3,3]]1<0, "max", "min"]];
Analysis=Map[Decide, Map[H,CriticalPoints]);

Table[ {CriticalPoints[(i]]),Analysis((i]])},{i,length[CriticalPoints]}]

. {u=>x,v->y};
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bl "' W
New Window
& ¢ NewTab Mozilla Firefox
Open Location... :
Open File...
Close

tp://www.courses.fas. harvard.edu/~math2 la/labs/lab.nb
o

Page Setup...

Print...

(*C,
A Import...
Not ,
not: Work Offline
NotebookDataPosition|
NotebookDataLength|
NotebookOptionsPosition|
NotebocockOutlinePosition| |

11TagsIndexPosition| 102260,
WindowFrame~->Normal
ContainsDynamic->False*)

(* Beginning of Notebook Content
Notebook|[ {

Cell(CellCGroupDatal{

Cell["Multivariable calculus Comp

CellChangeTimes~->{{3.391171978276725+"9,
3.391173252103259+"9, 3.39117328408102~
3.394713370120806+"9}},

Cell([CellCGroupDlatal{

Cell["\<\

Oliver knill, Harvard University, knillémath.harvard.edu,

\>", "Subsubsection”,

CellChangeTimes~>{{3.391173201898632+"9, 3.39117
3.39471369508558+"9, {3.404427096339894+"9,

Cell[TextDatal[ {

Welcome to the Mathematica project of Fall 2007! This notebook will
guide to get started. It also contains the assigment at the very end.
work on a project, save it frequently and make backups. Have funl
Content in a mathematica file is organized as *,

StyleBox[“cells”,

FontWeight->"Bold"],

. Cells can be evaluated by grabing the bracket to the right, holding
the shift key and hitting return. Try it out in the next cell:

:l]' Text”™,
CellChangeTimes->{{3.39117204 ] 3.39117206041971+"9},

1 3Q1177253535AN17«"0 1 39313797 1 i3 303117
Done
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Important: Save with .nb not .txt

l“lllll\pﬂ CITU CIIoOYW LI v uare \'“\.Ju\’llﬂ CIL WU LITWU VL WiV ITVUTV LUV WTRIVYY }\IUI FYAJEIN . J7%IOW IV uiu Elﬂ"'ll\,ﬂ P“Ilﬂ. AAAA TR LA SL LN B LN e L [

he plot. —
SX6X:) Save As

ithematica talled on some computers in

ses. If yo you have to be on a Harvare
work and Save As: lab.nb @ word requires you to send t
juest from

e: [@desktop e : :
ter you do : During the installation prog
1 have 1o ¢ im has to be entered in the
ithematica _ 12 installation in
Format: All Files -9
e Mac (
e Wind

1d email t itha CD.

ithematica is started like any other application on Macintoshs or PC's. On Linux, just type "mathematica” to start the notebook
sion, or "math" to start the terminal version.

[* Mathematica cade ta classiy cikcal paints, O, knill, 2000 *)
Tx_wy_Ji=dxy-x*3y-xy*]3;

alx_yy_|:=Dfluwv)iu) /. {u-=x,v-=y ) bla_y_):=Dilev])v] £ {e-ma v-=v )
S=Salve| {alx.y|==0.blxy]|==0} {2y} ]
CrrcalPaints=Tatlk | {A][1.2) L8] |52.2)) . {"Lengtn| 8]} ];

Hl{x_y_3 | ={{Dliluv ] {u. 2} OO wv ]v fou ) b AP DT wov Lu Joe LOTlee L v 25 55 /. {u-mxv-2y )
Flo_J:=a[11.1]); Decviminant=Map|Det Map|H CidcalPoints] |
FustEntiy=Map|F,Map|H,CricalPaintx||

Decde|B_|: =0| Det| B) <D, “saddl=" [[| G| |1,1) <D, "max™,"min"]|;
Mnalysz=Map|Decde, Map|H, CikcalPaints) |;

Tatle| {CrxcalPaints||:] | Anatyss| )] §. {\ Length | CidcalPaints | ||

Here Is a slicker code, doing the same and even presenting It as a nice table (credit: Matt
mple how to check homework: crancﬂ the function and get | ainnana 200A)

— e
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Insert Slide Format Arrange View Window Help

74.21 GB, 12.99 GB free

mathematica_2007
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walk through
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Multivariable Calculus Computer Algebra Project

o Oliver knill, Harvard University, knill@math.harvard.edu, Math21a, Fall 2008

Weicome to the Mathematica project of Fall 2008! This notebook will be your guide 1o get started. It also contains the assignement at the very end. If you work on a project, save it frequently
and make backups. Have fun!

Content in a mathematica file is crganized as cells. Celis can be evaluated by grabbing the dracket 1o the right. holding down the sht key and hitting return. Try it out in the next cel. the
"Devils graph":

Plot([ Sin[1/x]), (x, -1, 1})

After evaluating the cell, an output call has baen acded 10 the input cell. The output call can be made interactive as in the following axample:

Manipulate[Plot(Sin[l /x], {x, -¢, ¢}], {c, 0.1, 1}]

Lets get staned. | suggest you read through the examples and evaluate the ones you are interested in which are hopefully all. If you are unpatient, grab the most outer § ot 10 the right which
contains the entire notebook and evaluate it. All the celis will be evaluated.

» A calculator

Anything you can do on a graphics calculator you can do with a computer aigebra system, only better and more accurately. Here is an example 10 compute a numerical expression

234710+ 84n(PL /3] 73 + 8qre (5]

(called %) and

X[%, 200)
Lets piay with this:

Manipulate [N[Sqrt (5], digits], {(digits, 1, 1000}]
Or look at the list of prime numbers

Manipulate [Prime[Floor(n]], (s, 1, 300000000}]

]
)
|
|
]
)
it did not compute it numerically and left square roots of integers untouched. To get a numerical value or a numerical value or a value with accuracy 200 digits, access the previous expression ]
)
Ji
}
|
)
]

=

,,o-

=

—
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the problems
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A=P[[1, 1]];

We get the (red,green,blue) color values for the pixel at position (3,4) as follows

A[[3, 4]]

Lets do some woodoo on Oliver and invert the colors:

U= 255 - A; Show[Graphics [Raster(U, P[[1, 2]], P[[1, 3]], P[[1, 4]]1], P[[2]], P[[3]]]]

= Assignment

To get full credit for this Mathematica assignment, you have to hand in :

1) (2 points) A printout of a parametric surface r (u, v) = (x (u, v), ¥ (u, v), Z (u, v)) of your choice.
2) (2 points) A printout of a spherical plot or an implicit surface of your choice.
3) (2 points) Make a molecule-plot, a stock-data plot or a text word-analysis-plot of your
4) (2 points) Compute numerically the moment of inertia of a body x"4+y*+z"4<1 spinnin§yar
5) (2 points) Produce graphics object of your choice (you can include pictures or work in 3D).
Your examples should be different from any example which appear in this notebook.

If you find something cool during your experiments, feel free to include it also.In order to work on your projec
as a different document, do the assignment directly in that notebook and print out the relevant pages at the very
to be printed out and turned in the last class.

good idea to save this notebook fi
n a printer.The assignments ha

Oliver Knill, November 18, 2008, email: knill@math.harvard.edu

S 5problem:s
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3 problems

= Assignment

To get full credit for this Mathematica assignment, yo

) (2 points) A printout of a parametric surface r (u, v)
2) (2 points) A printout of a spherical plot or an implici
3) (2 points) Make a molecule-plot, a stock-data plot
4) (2 points) Compute numerically the moment of ine
around the z axes.

5) (2 points) Produce graphics object of your choice (
Your examples should be different from any example

1
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tips
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tips
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tips

®save frequently
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tips
®save frequently
@ start a new notebook
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tips
®save frequently

@ start a new notebook
® careful with parameters
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tips
®save frequently
®start a new notebook

® careful with parameters
® make backups
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tips
®save frequently
®start a new notebook
® careful with parameters

® make backups
®print early
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tips
®save frequently
®start a new notebook
® careful with parameters
® make backups

®print early
dstart a week early
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submitting the
problems
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w 2 Edit View Go Tools Bookmarks Window Help
New From Clipboard 3N
Open... €0 L lab.nb
— Open Recent N S—
Close EW o POy Save As: mysolution o
Y | Save ¥S 1.01.D ‘ "
es ot RETT 0]. D Where desktop v
Revert
’ 1C¢ S5a
o Grab > R .
IR /2, (Random[] -0.5) /2}]:
| ble[rp. {100}]}:
Page Setup {38P . A4, A5}], PlotRange — {{-1.3, 1.3}, {-1.3, 1.3}}. AspectRatio—- 1]
Print... #EP
'
/
- | @
= D >
1 e
e — .
A
! /
/
E
__1\ Out[167)= =Graphics -
RN =
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+ S Bezidies polygons. you can use lines, discs o poiat

New _ Py wiore | AL« (RGBColoe[1. 1. 0). D
Slides AZ « [RGBColor([D. 1. 0). D

A3 « (RGEBColoe[D, O, 1), P

[t ) «1. 2« (Con[2PiL]).

f(k_) « If[Hod[k. 2] .. 0,

Al . (RGEColor([1. D, 0], vanepmmore e, (5 20 auy s

rp <« Poinl[(0 5+Randon(]) /2. (Randon(] -0 5)/2)).

AS o« {RGBColor([0. 1. 1). Table[rp. {100}])).

S« Shov[Graphica[{A1. AZ. A3, A1, AS)). PlotRange — ({-1. 3.1 3}, (-1 3. 1 3}). AapectRatio - 1)

Save As: 'mv$01ull0n E]

Where: @l desktop

( Cancel ) ( Save )

OuitT) = Graphics »

Harwasd Uneversity, Matemasos 2173 Fal, 2008, O 00
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O

Mathematica

N N

oy

72

73

76

77

78

79

70 —

74

751

() (™
New  Play ]
Slides

~
=

Fre——

Al Edit Cell Format Input Kernel Find Window Help

New 3EN ; :

Open... %0 & mathematica_2006

Open Recent I = i T =
Open Special...

Import...

Close EW

Save 3£S

Save As... {+38S

Save As Special... S

Rev

vert...

Palettes
Generate Palette from Selection

Generate Notebook from Palette

Printing Settings
Print...
Print Selection..

Harvard University, Mathematics 21a Fall, 2006, Oliver Knill
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tricks for
assignment

@ parameters, parameters paramers

® pepping up graphics

®simple programming
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animation for
exploration
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Paste Snapshot

Add To Bookmarks...

@ Initial Settings

Paste Bookmarks
Animate Bookmarks

Autorun
T
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pepping up
graphics
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e
S ~

ParametricPlot3D[{ Sin[2 v] Cos[3u], Sin[2 v] Sin[u], Cos
{u, 0, 2Pi}, {v, O, Pi}]

| d Y w L |

(v

1}

7

LVAAVY VSO VAN WIOLA VI A LRV RYIAA VAV S AL LAWY AL
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i

_4/,///_.;A z _—:- :

'?ParametrlcPlot3D

? ParametricPlot3D[{fx, fy, fz}, {u, umin, umax}] produces a three-dimensional '
' space curve parametrized by a variable u which runs from umin to
umax. ParametricPlot3D|[{fx, fy, £z}, {u, umin, umax}, {v, vmin,
vmax}] produces a three-dimensional surface parametrized by u and v.
ParametricPlot3D[{fx, fy, fz, s}, ... ] shades the plot according
to the color specification s. ParametricPlot3D|[{{fx, fy, £z},
{gx, gy, 9z}, ... }, ... ] plots several objects together. MoOre .

?? ParametricPlot3D

- Attributes [ParametricPlot3D] = {HoldAll, Protected}

Options [ParametricPlot3D] =

{AmbientLight - GrayLevel [0.], AspectRatio - Automatic, Axes = True,
AxesEdge - Automatic, AxesLabel - None, AxesStyle - Automatic,
Background - Automatic, Boxed - True, BoxRatios - Automatic,
BoxStyle - Automatic, ColorOutput - Automatic, Compiled - True,
DefaultColor - Automatic, DefaultFont = $DefaultFont,
DisplayFunction :» $DisplayFunction, Epilog » {}, FaceGrids - None,
FormatType = $FormatType, ImageSize - Automatic, Lighting - True,
LightSources » {{{1., 0., 1.}, RGBColor([l, 0, 0]},

{{1.,1., 1.}, RGBColor [0, 1, 0]}, {{O0., 1., 1.}, RGBColor [0, O, 1]}},
Plot3Matrix - Automatic, PlotLabel - None, PlotPoints - Automatic,
PlotRange - Automatic, PlotRegion - Automatic, PolygonIntersections - True,
Prolog - {}, RenderAll - True, Shading - True, SphericalRegion - False,
TextStyle :» $TextStyle, Ticks - Automatic, ViewCent:er - Automatic,
ViewPoint - {1.3, -2. 4 2 } 'VlewVertlcal-9{0 y 1.}}
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. ParametricPlot3D[{ 8in[2 v] Cos[3u], Sin[2 v] Sin[u], Cos|[v]},
{u, 0, 2 Pi}, {v, 0, Pi}, Boxed » False, Axes - False]
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- ParametricPlot3D[{ 8in[2 v] Cos[3 u], Sin[2 v] Sin[u], Cos|[v]},
{u, 0, 2Pi}, {v, 0, Pi}, Boxed - False, Axes - False,
PlotPoints -» {80, 40}]

N T e
:Z{:_‘%:\\TW,;@:( =

s S,

_______

Friday, November 20, 2009



ParametricPlot3D[{ S8in[2 v] Cos[3u], Sin[2 v] Sin[u], Cos|[v]},
{u, 0, 2Pi}, {v, O, Pi}, Boxed -» False, Axes - False,

W WAy BRI YRR

- LightsSources - {
. {{1, 2,3}, RGBColor[l, 1, 0]},
{{0, 1, 1}, RGBColor[l, 0, 0]},

1RA LN

{{-1, -3, 0}, RGBColor[0, 0, 1]}}, PlotPoints - {80, 40}]

U RLLA A AL G EALTE |

AL SLAL L VLGSR

VLY Al i

ANLE VY A T VAR WD RS T Y BT

" T Ee

VLA A PA YA VT LY

VI GTML L TRRAE SUIA VWAL,
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ightsSources - {
{{1, 2, 3}, RGBColor|[l, 0.7, 0]},
110, 1; 1) RGBColor|[l, O, 0]},
{{-1, -3, 0.8}, RGBColor|[0, O, 1]}}, PlotPoints - {80, 40}]
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ParametricPlot3D[{ 8in[2 v] Cos[3u], S8in[2 v] Sin[u],

{u, 0, 2P1}, {v, 0, Pi}, Boxed -» False, Axes - False,

ViewPoint - {1.3

; 0}, ViewVertical -» {0, 1, 1}, P

2.4

r
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drawing

dthere is built in graphics
drawing help.

® Don’t use it. Its not forbidden
but it can produce huge code.

Frridéy, NoVember 20 00000



be creative. with

mathematics
X |
[ i
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fun

®sound and images

@ movies

® external files

®simple programming
® demonstration project

Friday, November 20, 2009



sound
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PlaySong[hull , tune , name , ground ] :=
Module[{}, u = ToCharacterCode [name] ;
soundfilename = FromCharacterCode [
Join[u, {46, 119, 97, 118}11;
scale[n ] :=ground*2~ (n/12); beatlength =1/5;
songlength = Length[tune] * beatlength;
frequency[x ] := tune[[1l +Floor|[x / beatlength]]]:
song[t ] := hull [scale[frequency[t]] »t];
P = Play[song[t], {t, O, songlength}]:
Export [soundfilename, P, "WAV"] ;]

t1={(0,0,4,4,7,7,5,4,2,2,0,4,7,4,0,0, 0,0, 0,2, 0};
fl[x ] :=8in[x]; nl = "sin"; gl = 2000;
Playsong[fl, t1, nl, gl]

ng21]:=
Play[Sin[2 Pi 6000 x], {x, O, 5}]

Out21]= = Sound =

IN[20] =

Play[Random[], {x, O, 1}]
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n24)= a = Import["desktop/mathematica_2006/jane.wav"];

In25= type =a[[l, 2]]; n=Length[a[[1, 1, 1]]];
song = {Table[a[[1l, 1, 1, n-k]] /2, {k, O, n-1}],
Table[a[[l, 1, 2, n-Kk]] /2, {k, O, n-1}]};

¢ = Sound [SampledSoundList[song, typel ] ;
Export["desktop/jane_reversed.wav", ¢, "WAV"]
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Image
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17 - A=Import|["desktop/mathematica 2006/alig.jpg"]:;
ApplyFilter[F ,,AA_]==Graphics[Rastcr[F[A[[1,1]]],A[[1,2]],&[[1,3]],&[[1,4]]],A[[2]],A[[3]],A[[4]]]_“
[4%)- Dim[x_]:=Round[x/2]; Bl=ApplyFilter[Dim,A]; |
Brighten[x ]:=Round[120+2x/3]; B2=ApplyFilter[Brighten,A];
red[(r_,g ,b y]:=(r,0,0}; Rred[S_]:=Table[red[8[[i,7]]],(i,Length[8]}, (] .Length(8[[1]]]}];
green[{r_,g ,b }]1:={0,g9,0); Ggreen[S_|:=Table[green[S[[i,]]]],{i,Length[S]}),{j . Length[S[[1]]]}]"’
blue[f{r_,g ,b 11:={0,0,b}; Bblue[S_)|:=Table[blue[S[[i,]7]]].,{i,Length([8]},{j, Length[(S[[1]]]}]’
rotate({r_,g ,b }):={b,r,g}; Rotate[S_|:=Table|[rotate[S[[i,]]]].,{i,Length([S]},{].Length[S[[1]]]}]
reflect[(r_,g ,b_}]:=({255-r,255-g,255-b}; Reflect[S_|:=Table[reflect([S[[i,]]]]. (i .Length[8]},{j.L

- Show[ApplyFilter[Dim,A]) i
Show|[ApplyFilter|Rred,A]]:
Show[ApplyFilter|Ggreen,A]]:
Show[ApplyFilter[Reflect,A]]: , ‘

3

Nics «

ezl « Gra

o

e
o

= Combine o

7%= Al=Import[“"desktop/mathematica 2006/alig.jpg"”]; A2=Import["desktop/mathematica 2006/borat.jpg”]: \
Combine[F_,U_,V_]:=Graphics[Raster([F[U[[1,1]],V[[1,1]]],U[[2,2]],VU[[2,3]],U[[2,4]1]1].,U[[2]],VU([[3]]
LinearCombination[a ] :=Function[{x,y}, (l-a)*x+a*y];

|71]- Do[Show[Cambine[LincarCambination[k/10],A1,42]],(k,10)] |
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importing,
exporting files
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Friday, November 20, 2009

n2zl= S =Plot[Sin[x] /x. {x. -40. 40}]

o}

0.

AWAWA
-40UVU2VU

Out[2]= = Graphics =
Iniz:= Display[*"picture. jpg®. S. "JPG"]
Out[3]= = Graphics =

In[4]:=
A = Import["picture. jpg"]

Out[$]= = Graphics =

InEl:= Show[A]

OutS]= = Graphics =



ne= 8 = Play[Sin[4000 x~2], {x, O, 5}]

Wave

Export ["sound.wav", S, "WAV"]

Outgl= sound. wav

IN[<] =

A = Import["sound.wav"]

Out[g= = Sound =

Run ["open sound.wav"]
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’ O/ 2Pl):l {

Save as

A|¥

Out[28]= Sin.swf
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A = Import["http://www.cnn.com”, "Data”]

nputForm(A] import HFML

Export["formula.html"”,
Expand[ (a + b) "50 Sgqrt[a]]]

Firefox File Edit View History Bookmarks Tools Window Hel

B i ==

| "G /'\ ) file: / /localhost/Users /knill fformula. htm! v Gl
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Dol
{x, y) = (Random[], Random|[]}:; 1 = Random|[] / 20:
{r, g, b} = {(Random|], Random|], Random|[]}:
If[(x-1/2)"2+(y-1/72)"2<1/4%.
s = Append|[s, {RGBColor|r, g, b], Disk[{x, ¥}, 1]}1].
{(i. 1, 300}
]
Show|[Graphics|[s], AspectRatio -4 1, PlotRange «+ {{-0.2, 1.2}, (-0.2, 1.2}}.,
ImageSize - 600]]:

nr7- RandomDots
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Conversion
http://

www.wolfram.com/
solutions/
interactivedeployment/

publish/
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- “Demonstrations Project

HOME BROWSE LATEST RANDOM SELECTION ABOUT FAQs PARTICIPATE AUTHORING AREA Search all Demonstrations »

Tippe Top

B DOWNLOAD LIVE VERSION >

watch web preview >> Free Download

Mathematica Player »
+ Runs 2ll Demonstrations & more

' ~
=oin f +
shift center of gravity

=5

Related Topics

= 3D Graphics

= College Physics
= Mechanics

» Physics

Some Related Demonstrations

= Rotary to Linear Motion

« Foucault's Pendulum

» Driven Damped Oscillator

= Throw off a Cliff

= Forces on a2 Simple Pendulum

= Time Evolution of a Four-Spring
Three-Mass System

= Anharmonic Oscillator Phase
Space Trajectories 2D

= Synchronization of Coupled Phase
Osclllators

» Classical Particle In a
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