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35 problems for 5 percent

®time effort minimal

@ no time extension beyond Dec 3
B electronic email submission
Bdwill be graded by myself (Oliver)
®is important part of the course

®dwill make garden gallery




t @ installation
® the user interface

newcomers

® getting started

®the assignment

already users

dthe garden problem

B questions&answers




installation

B oet the program

®start up and get the id

®submit password request
3 enter password




step 1:
get the program

® 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(

9 h ttp://www.fas.harvard.edu/cgi-bin/software /download.p!



http://www.fas.harvard.edu/cgi-bin/software/download.pl
http://www.fas.harvard.edu/cgi-bin/software/download.pl
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2 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 3.6.1 184.7Mb MacOS X
Data-collection and analysis software. Requires OSX, v10.3.9 or later.

Mail.app Configurer 3.1 0.5Mb MacOS X
Use this script to configure Apple's OS X Mail.app for servers using SSL.

Maple B3 13.0 265.1Mb  MacOSX  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
installation. Password requests must be made using your Harvard email address. Expiring







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

LANDesk Support

Agent 3 31.7Mb
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.

Windows

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 B R2009a 2048.0Mb  Windows







for Linux, contact
me

® we can provide you :
with a CD image Oalsz)

® or a tar ball with
the program

tar ball




Home ‘Webmail my.harvard

INFORMATION Search this site @
TECHNOLOGY

This software is provided for the exclusive use 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

Copyright © President & Fellows of Harvard College.




step 2:
install the

program




step 3:
request an
activation key

WOLFRAM USER PORTAL

Mathematica Activation Key Request Form

Harvard University

Login With Wolfram ID
Wolfram ID (your email address)

knill@math.harvard.edu

Password



step 4:
enter the

activation key




the user interface

® notebooks
3 cells

®submitting commands

®the menu
® stopping the kernel
®saving the notebook




notebooks



matica

File

Edit

Insert

Format

Cell

Craphics Evaluation

& Untitled-1

Palettes

Window

Help

© Algebraic Manip

Expand[m]

ExpandAll[w]
Factor(m]
Together(m]
Apartim]
Cancel[m]
Simplify{m]
FullSimplifylm]
FunctionExpand[m]
TrigExpand(m]
TrigFactorim]
TrigReduce|w]
ExpToTrigim]
TrigToExplw]
PowerExpand m)

ComplexExpand|m]

Special Characters

Sun 22:43 &I (53% Q

© Basic Math

:
l

mathematica_2007

Unicode







Mathematica File Edit Insert Format Cell Graphics Evaluation Palettes Window Help

& Untitled-1

This is acell, start typing




athematica

File

®NO

Edit

Insert

Evaluation Palettes Window Help

Jutid Cell Graphics

Clear Formatting
Option Inspector...

Stylesheet
Screen Environment
Edit Stylesheet...

Show Fonts...
Face

Size

Text Color
Background Color
Cell Dingbat
Magnification

Text Alignment
Text Justification
Word Wrapping

Title i1
Subtitle 32
Subsubtitle €3
Section ¥4
Subsection 35
Subsubsection £6
Tex -
Code #8
v Input %9
Output
item
Subitem
InlineFormula
DisplayFormula
DisplayFormulaNumbered
Program

Other... #0

—
—_—

o) =

Sun 2




submitting

commands




athematica File Edit Insert Format Cell Graphics Evaluation Palettes Window Help

< Untitled-1

1= Sin[0.2343]
Out[1]= 0.232162

FFTTITN
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o

grab bracket,
hold <shift> ke
and hit <returnp>

L
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the menu



Mathematica i 0 Edit Insert

Format Cell Graphics Evaluation

New

Open...
Open Recent
Close

Save
Save As...

Install...

Printing Settings

B
$0 <% Untitled-1

Palettes

Window Help
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Mathematica File

b’

-

® 0O (

|18 Insert Format

Cell Graphics Evaluation

Undo

Copy As
Paste

Extend Selection
Select All

Find
Check Spelling...

%7
| [ Untitled-1

Palettes

Window Help
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Mathematica File Edit Bt { @8 Format Cell Graphics Evaluation Palettes Window Help

Input from Above €L
®NO Output from Above (3L fled-1

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

Picture
File...

Hyperlink... ¢ ¥%€H
Automatic Numbering...

Page Break
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atica File Edit Insert Format M3l Graphics Evaluation Palettes Window Help P = == Sun 22:48

Cell Properties
Cell Tags
Grouping

Notebook History...
Delete All Output

Show Expression {3E

a2 » &

E‘a

g_
-
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dit

Insert

Format

Cell

F1[TW Evaluation Palettes Window Help
New Craphic e |
Drawing Tools T
Graphics Inspector *|

—

Rendering 3

Sun 22:48 @] (48%)

mathematica_2007

Q




File Edit Insert Format Cell Graphics Ba7\[FLLLN Palettes Window Help = - Sun 22:48 @7 4
Evaluate Cells

®MNO Ry Untitlej

Evaluate Initialization Cells

v 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

a2 + &

{_:a

Start Kernel
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control

—
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matica File Edit Insert Format Cell Graphics Evaluation B¢ l{CT8 Window Help ~ 4)) = Sun 22:48

AlgebraicManipulation
% Untitled-1 BasicMathinput
ColorSchemes
NotebookLauncher
SlideShow
SpecialCharacters

“}

Wed 10:20 PM
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matica File Edit Insert Format Cell Graphics Evaluation Palettes Window B;[1[-

% Untitled-1

Documentation Center
Find Selected Function

Wolfram Website...
Demonstrations...

Internet Connectivity...
Give Feedback...
Online Registration...

H e I Why the Beep?...
\Why the Coloring?...

Startup Palette...
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stopping the

kernel




matica e

e

ormat nput erne n naow eip

® 66

In[1]:=

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]
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®we are stuck

®dthe 12’th Fermat number has
not yet been factored

completely. Mathematica could
try for years to factor it.

3 We have to stop the kernel.




B

e Mathematica Flie‘ Edit Cell Format Input RGGEN Find Window Help

Evaluation

Weoo

In[1]:=

Out[1]=

7 Interrupt Evaluation...

Abort Evaluation 2.

Start Kernel *
Fact 1 Quit Kernel > ) + 1]
Default Kernel B
Notebook's Kernel B
Kernel Configuration Options...

v Show In/Out Names

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

FactorInteger[2” (278) + 1]

[{1238926361552897, 1},
{93461639715357977769163558199606896"
584051237541638188580280321, 1})

FactorInteger([2* (2712) + 1]




saving the

notebook




QI Edit Cell Format Input Kernel Find Window Help 4i) Wed 10:51PM
= New %N . )
—:_‘; sy /\J 6 6 6 J Open,,, xo L un‘ltl!d'l o ‘ L4

. Open Recent > . ﬂ
|n[ 1 ] . Open Special...
Import...

Close xW lteger[z ~ (2 A7) + 1]

Save ®S E
Out] R — |
s 189127497217, 1}, |+ 1]

+
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z
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Palettes
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Printing Settings >
Print... =P

IN[2]{ _Print selectio :
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o @ DUy File  Edit  Cell  Format Input  Kernel Find Window Help a 3 4l) wed 1051 PM

= = About Mathematica... i Untitled-1 (=) ¥ -

J Preferences...

~—J Services -
N
|

mde vahemaica % FactorInteger[27 (277) + 1]

Hide Others LIHH

Quit Mathematica xQ

{{59649589127497217, 1},
{5704689200685129054721, 1}}
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Remember Murphy’s law

s

Anything that

can go wrong,
will.







getting started

® use as a calculator
@ use as a graphing calculator

@ use as a computer algebra system




USE as a

calculator




Untitled-1

123412341234123412341234 %
123412341234123412341234

152306059688877178546937297-
43891480857256642756

N[Pi, 100]

3.1415926535897932384626433
83279502884197169399375105~
82097494459230781640628620-
8998628034825342117068

ope |

BT IAS

27 (2~ (2~2))

RS TRE (20T - B . [




use as graphing

calculator




.- Plot3D[ 8in[x~2y], {x, -3, 1}, {y, -1, 1}]

Outli]= = SurfaceGraphics -




use as computer

algebra system




e — e
Integra

e e ™ e e~

<

"

, {x, 0, Pi/2}, {y, O, Pi/2}]

[Sin[x +y] ~ 10
21 63 n?

+
50 1024

In[10):=

Integrate[Sin[sSqrt[x]], x]
Out]10)= -2 ‘\/; Cos [\/;] +2 Sin [‘\/;]

In[t1)=
f[x ,v ,2 ] :=Log[xy] + Sin[Cos[x*2 + Y]]
D[f[x, v, z], {x, 2}] + D[f[x, v, 2], {¥, 2}] +

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

1 1 2 2
A - - Cos [x“ +y] Cos [Cos [x“ +¥]] -

x2  y?
4 x? Cos [x* +y] Cos [Cos [x® +¥]] -

2 Cos [Cos [x? +v]] Sin[x? +y] - Sin [x? +y]2 Sin [Cos [x? +v]] -
4x%Sin[x? +y]° Sin[Cos [x% +¥] ]
In[20] .=
Series[Cos[Pi (x + 1)] + 8in[x], {x, 0, 4}]
¢ %2 x3 ot xd

oo =1 +X + - +0([x]°
2 6 24




the assignment

® getting the assignment
®walk through

dthe actual problems
Jtips for working

®fine tuning graphics




getting the file




¢ Have a good long weekend. Enjoy 11.11.11 at 11:11:11

¢ Good time now to install Mathematica. If you should need Mathematica for Lin
Oliver

e The mathematica project is available. If you clicked on the above link, you mig
some text gibberish. This is because the Mathematica file is a text file. You ha
this within Mathematica. To do so, right click at the link to save it, then click oi
open it in Mathematica. If you want to open it the cool way, open a terminal ir
type "curl http://www.courses.fas.harvard.edu/~math21a/mathematica/lab.nb
open lab.nb"

¢ We have a Mathematica workshop on Thursday, November 17, from 8-9 PM in



Availability

Getting the
notebook

Mathematica Laboratory

Mathematica for OSX and Windows can be obtained here. The current version is Mathematica 8.04 (i
installation you will be prompted for an Activation Key. Students Faculty/Staff. Creation of a Wolfran
to provide your Harvard email address. Contact me (knill@math harvard.edu) if you plan to use Math

¢ The Mathematica laboratory will be available here. Save this text file as "lab.!
it. The assignment is at the end. P>
[
Mathematica is started like any other application on Macintoshs or PC's. On . ux, just type "mathen

"math" to start the terminal version.
/

™ol . DV T Y . 1N "M Vo P T L «



(SEUA - ' >
New Window ¥EN

a) New Tab ®T | Mozilla Firefox

Open Location... #®L = —
tp:/ /www.courses.fas. harvard.edu/~math2 1a/labs/lab.nb v P Gl

Open File... #0

Coo Close ¥W » T cnn wp nyt leo rk ma ok adv ip courses expos math Harvard Math Webm

(* Save Page As... 'S n/mathematica +)
Send Link... e
b *)

Page Setup...

1 0" =)
Print... ¥P

(*C:

(* Import...

Nots -

not: Work Offline

NotebookDataPosition| 145,

NotebookDataLength|[ 109845,

NotebookOptionsPosition| 101872,

NotebookOutlinePosition| 102303,

CellTagsIndexPosition| 102260,

WindowFrame~->Normal

ContainsDynamic->False*)

(* Beginning of Notebook Content #)
Notebook[ {

Cell[CellGroupDatal{

Cell["Multivariable calculus Computer algebra Project™, "Title”,

CellChangeTimes~->{{3.391171978276725+*"9, 3.391171984589816*"9}, ¢
3.391173252103259+"9, 3.39117328408102+"9}, {3.394713354905753+*"9,
3.394713370120806+"9}},

Background->RCBColor[0.8156862745098039, 0.8, 0.6705882352941176)],

Cell[CellGroupDatal {

Cell["\<\
Oliver knill, Harvard University, knillé@math.harvard.edu, Math2la, Fall 2007\
\>", "Subsubsection”,
CellChangeTimes->{{3.391173201898632+"9, 3.391173247654856+"9},
3.39471369508558+"9, {3.404427096339894+"9, 3.404427099745094+"9}} 1,

Cell[TextDatal[{

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

StyleBox([“cells”,

FontWeight->"Bold"),

“. Cells can be evaluated by grabing the bracket to the right, holding down \

the shift key and hitting return. Try it out in the next cell:”
P, "Text”,

CellChangeTimes~->{{3.391172046744291+"9, 3.39117206041971+"9}, {

3. 39117253535AN17«"%Q 3 3Q117253A2A5517«%Q% /3 3Q11727777150N3=«"Q
Done




Important: Save with .nb not .txt

lul.llll\'ﬂ CUIITU IOy LIy v ure \'“\'JWIIJ CL UL LWITWU VL UiV ITVUTVUVUVIIL . WTEIVYY ]\Iul FYAJEIN . J73WIOW 1V uiu Eluplll\'ﬂ 'II\II»Y. L OIIVLU W ove t

he plot.
O0e 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
ter you do During the installation prog
have to ¢ im has to be entered in the
ithematica , 12 installation in
Format: All Files

e Mac Q
e Windg

nd email t

e The Mathematica laboratory assignment is now available. Download itihere!

thematica 1s 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 *)
Tla_wy_Ji=dxy-x*3y-xy*73;

alx_y_|:=DTluxv)iu) /. {u-=x,v-=y ) bla_y_|:=Dlilev])v] L {e-=x v->y ]
A=Sale|{alx.y|==Dblxy]|==0} {x.y} ]
CrrcalPaints=Tatlk | {A][+1.2) L8[ 52.2)) . {"Lengtn|&]}];

HE ey [ ={{Pllu~v | {u.2} ). DID[Twv fov Lo ) ADIDTwv Lo Joe LOUTee L 0w 25 |3 ) £ {u-=x -y )
Flo_J:=A11.1]); Decviminant=Map|Det Map|H CitcalPoints] |
FustEntiy=Map|F,Map|H,CikcalPaintx||

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

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

Here Is a slicker code, doing the same and even presenting It as a nice table (credit: Matt
ample how to check homework: change the function and get | ainnann 2008\

-




Insert Slide Format Arrange View Window Help P = ) = Q

mathematica_2007

o .

74.21 GB, 12.99 GB free

naltua
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mathematica_2007




walk through



Multivariable Calculus Computer Algebra Project

o Oliver knill, Harvard University, knill@math.harvard.edu, Math 21a, Fall 2011

This assignment uses Mathematica 8. The assignment at the very end. You find templates for all 5 problems in this notebook.The project is due December 3, 2011. Pleas
electronically by email to knill@math.harvard.edu (Choose Cell->DeleteAllOutput in the above menu first if the file is too large).Your project is only considered successfully s
receive an acknowledgement email within a couple of hours. Otherwise, resubmit. If you use textures, make sure that the texture is available on a public website or submit
Mathematicafile. There is a Mathematica workshop on November 17, 2011, from 8-9 PM in Hall D.

Content in a mathematica file is organized as cells. To evaluate, grab the bracket to the right, holding down the shift key and hit return.

Plot[Sin[x"2/(1-x)], {x, -1, 3}]

After evaluating the cell, an output cell has been added to the input cell. You can make it interactive as in the following example:

Manipulate[Plot[Sin[x"2/(1-x)], {x,1~-¢c, 1+¢c}], {c, 0.1, 1}]

Lets get started. Just read through the examples and evaluate the ones you are interested in which are hopefully all. If you are unpatient, grab the most outer bracket to the
the entire notebook and evaluate it. All the cells will be evaluated.

The function Plot is quite flexible. Here is an example, which shows how to plot two functions at once and fill the part between them:

Plot [{Sin[x], Cos[x]}, {x, 0, 10}, Filling - True, FillingStyle -+ {RGBColor([1l, 1, 0]}]

Here is a 3D plot with a picture as a texture. We get a nice Harvard napkin:

picture = Import["http://www.courses.fas.harvard.edu/~math2la/images/harvard.png"];
Plot3D[Sin[xvy], {(x, -2, 2}, {v, -2, 2}, Lighting - "Neutral", Mesh -+ False, PlotPoints -+ 40, TextureCoordinateFunction - ({#1, #2} &),

PlotStyle +» {Texture[picture]}, Boxed -+ False, Axes - False]

Lets now look at weather data, and plot the average temperatures of the last 66 years in Boston. Your computer will have to look up some data first:

T = WeatherData["KBOS", "MeanTemperature", {{1945)}, {2011}, "Year"}];

d = Table[{T[[k, 1, 1]], T[[k, 2]]}, {k, Length[T]}]; £ = Fit[d, {1, x}, x];

Show[{Plot[f /. x=- vy, {y, 1945, 2010}, PlotStyle -+ {RGBColor[1l, 0, 0], Thickness [0.01]}],
Graphics [{PointSize[0.02], RGBColor [0, O, 1], Map[Point, d]}]}, PlotRange - All]

One of the problems asks you to produce a plant of your choice. Here is example code for a “Strawberry” which uses texture to produce:

strawberry([t , s ] := {Sin[t] Sin[s] "2, Cos[t] Sin[s], Cos[s] - (1 /(1 +58"2)) -1/ (1+ (5-Pi)"2)};
picture = Import["http://www.courses.fas.harvard.edu/~math2la/images/strawberry.jpg"];
8= Pnranotric?loté)l)[strawborry[t, s] ¢ {s 0, Pi}, {t, 0, 2Pi}, Lighting -+ "Neutral", Mesh - False, PlotPoints - 40,

- .__A.'l‘.-_‘- R L LR L e - r - A "~ o~ ~ AN
e e
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the problems



Flower Problem




o

L =TAVUL LAVUFW (Ve L L&l I WY
{RGBColor [0, O, 1], Disk[Q2, 0.1]}, {RGBColor([1, O, 01, Disk[Q4, 0.1])}, {RGBColor [0, 1, 0], PointSize[0.04], Point[Q1]},
{RGBColor[1, 0, 0], Thickness [0.01], Dynamic[Arrow[{Q1l, Q2}]1]}, {RGBColor [0, 0, 1], Thickness [0.01], Dynamic[Arrow[{Q1,
{RGBColor[1, 1, 0], Dynamic[Polygon[{Q1l, 92, 903, 04, Q1}]1]}, Locator[Dynamic([Q2], ImageSize - 40], Locator [Dynamic[Q4],
{FontSize - 40, Text ["Cross Product", {0, 1.8}]})}, PlotRange - {{-2, 2}, (-2, 2}}], {{92, {1, 0}}, {{-1, -1}, {1, 1}}, Con
({04, {0, 1}}, {{-1, -1}, {1, 1}}, ControlType - None}]

= Assignment

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

1) (2 points) Compute numerically the surface area of the surface r(u,v) = < u4-v,u*2+v"2,u-v>, where O<u<2, 1<v<4.

2) (2 points) Find the flux of F(x,y,z) = <x*10+y*10,y-x,sin(x"2 +z"2) > through the surface r(u,v) = <cos(u) sin(v)+sin(u)*3,sin(u) sin(v), cos(v)>, where O<u<2pi,
3) (2 points) Plot the surface given in spherical coordinates as rho(s,t) = 2+sin(sin(s- t))

4) (2 points) Find the volume of the solid given in spherical coordinates as rho(s,t) < 2+sin(sin(s- t))

5) (2 points) Produce an plant, fruit, leaf, grass etc of your choice. We will build a “garden” with the best submissions.

We will have a workshop on Thursday, November 17, from 8-9 PM in Hall D, where more about this assigment is said and tips and tricks as well as more templa

If you find something cool during your experiments, feel free to include it also.In order to work on your project it is a good idea 1o save this notebook first as a diff
The assignment has to be submitted electronically until Monday December 3/2011

Oliver Knill, Nov 4 2011, emall: knill@math.harvard.edu



tips
®save frequently
®start a new notebook

® careful with parameters

® make backups
®ooogle stuff and network
dstart a week early




submitting the

problems




tricks for
assignment

@ parameters, parameters parameters
® pepping up graphics

®simple programming




animation for

exploration




pepping up

graphics




drawing

dthere is built in graphics
drawing help.

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




fun

®sound and images
Jmovies

® external files

®simple programming
® demonstration project










importing,

exporting files




simple

programming




demonstration

projects




Conversion
http://

www.wolfram.com/

solutions/

interactivedeployment/
publish/
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Search all Demonstrations

Free Download

Mathematica Player »
Runs 2ll Demonstrations & more

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 a Simple Pendulum

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

= Anharmonic Osclllator Phase
Space Trajectories 2D

= Synchronization of Coupled Phase
Osclllators

» Classical Particle In a

. - _as -







