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Supplement 1
Using Mathematica

Mathematica is ageneral system for doing mathematical computations. It not only can do the things atraditional calculator
can do, but also can do symbolic and algebraic operations. It can also generate graphic outputs. Even when doing numerical
operations, Mathematica can give either exact results or answers to the precision desired.

|. Launching Mathematica

In the PC Lab, click the Mathematica icon in the [Applications] folder. If you are using acomputer in conference center,

type
mathematica

A notebook frontend, including atypeset palette, amenu, and a empty document (notebook) window, will pop up. The
notebook frontend looks pretty much the same even on different type of computers, such as Sun, PC, Next, Machitosh, etc. The
notebook frontend provides pull-down menu, mouse-based commands and editing, multiwindows, high-resolution graphics, ....
One can use the notebook frontend to enter commands and data, to store calculations and Mathematica output, and to edit any
information used by Mathematica.

When an empty Notebook window appears on the screen, one can enter input to be evaluated by the Mathematica kernel.
As soon as one startstyping, acell iscreated; thisisindicated by acell bracket along the right edge of the Notebook window.
One can move the cursor (which isavertical black bar) around to modify the input. When the input is completed, press
[Shift]-[Enter]. The evaluation of the first input may take awhile for the computer to load the kernel into the memory.

To exit Mathematica,

press [Alt] key and [F4] key together on PC

or  press[modl] key and [q] key together on Sun

or  usethemouse to click on [Fil€] to bring up a menu and then select [Quit].

The [mod1] key is one of the most important keys used by Mathematica on Sun workstations. One can find out where the [mod1]
key locates by bring up the [X-environment information] in the [Help] menu.

II. Getting start

m Input

Whenever you finish input to Mathematica, press [Shift]-[Enter]. This tells Mathematica to process the input, and produce
aresult. A multiple lineinput (by using [Enter] to separate lines) is allowed.

Example:



UsingMMA.nb

12323 + 11231 - 123123 + 123 - 23453

-122899

m Interrupting
To stop Mathematica in the middle of acalculation,

press [Alt]-[.] (holding [Alt] key and [.] key down at the same time) on PC
or press [mod1]-[.] (holding [mod1] key and [.] key down at the same time) on Sun.

m Exiting

press [Alt]-[F4] (holding [Alt] key and [F4] key down at the same time) on PC
or press [mod1]-[q] (holding [mod1] key and [q] key down at the same time) on Sun.

m Scrolling through a Mathematica session

Since Mathematica stores all inputs and outputs in a Notebook, one can scroll backwards and forwards by using the
keyboard or the mouse.

m Getting help

Pressing [F1] for context sensitive help. Click [Help] to bring ahelp menu.

m Spacing

In Mathematica input, spaces after or before comma",", parentheses, and brackets are usually ignored. For example,
Plot[Sin[x],{X,-2,2}]
isthe same as
Plot[ Sin[x], {x ,-2, 2}]
A space between two variables CANNOT be omitted. For example, "x y" (or with more spaces in between) means the
product of x and y while "xy" stands for another variable or object.
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[1l. Notebooks

Documents in Mathematica are called Notebooks. One can begin a Notebook (just like a document in aword
processor) by typing. One can create a Notebook, save it to adisk, open it and edit, and print it. It contains documentsin
which text, Mathematica inputs and outputs, and graphics can be joined together. These lecture notes, for example, are
Notebooks.

m Creating a New Notebook

To create anew Notebook, choose [New] from the [File] menu. To do this, move the mouse pointer to [File] on the menu
bar and click. Then move the mouse pointer to [New] and click, and a Notebook window titled "Untitled-1" will appear.
Once one starts typing, a cell will be created to hold the input.

Note: Every time when Mathematica isload in, a new notebook called "Untitled-1" will automatically created.

m Opening Notebooks

To open an existing Notebook: choose [Open] on the [File] menu, and select the directory under which the Notebook
exists, and then select the Notebook.

Mathematica can open a Notebook in awindow |abeled with the Notebook’ sname. One can open any number of
Notebook windows at one time, and information can be transferred from one Notebook to another by copying and pasting.
Notebooks are ASCI| files, and usually have ".nb" astheir file extensions. There are several other kinds of filesthat can be
opened as new Notebooks:

ASCII file

ASCII filesfrom any text editor (such as textedit, vi, ...) can be opened with all the text asasingle cell.

Bitmap file

Graphic bitmaps saved by Paintbrush can be opened as a Notebook with a single graphic cell.

m Saving Notebooks

After working on aNotebook, use the [Save] in the [File] menu to save the changes made. If the current Notebook is
newly created, i.e., still untitled, (not yet been saved), the Save dialog box will give you an option of naming the Notebook.
One can also specify the location where the Notebook should be saved by giving the disk drive and the directory.
The[Save Ag] in the [File] menu saves a Notebook after asking one to give it aname, even when the Notebook
already hasone. Thisisuseful especially when one wantsto keep several versions of the same Notebook.
The [Save As Special] in the [File] menu allows to save a Notebook in other format such as, TeX and HTML.

Note: Saving the changesbefor edoing any computationis highly recommended
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m Closing Notebooks

To close the current Notebook, click the close box in the upper-left corner of the Notebook window and move the mouse
pointer to [Close] and click.

m Printing Notebooks

To print the current Notebook, use the [Print] in the [File] menu. [Printing Options] can be used to specify paper
dimensions and other things.

One can also print any selected cell or contiguous group of cellsinstead of print the whole Notebook. To do this,
first make the selection and then choose [Print Selection] in the [File] menu to print. [Printing Options] may be used to
specify page size and other things.

V. Cells

A cell isthe basic unit of organization in aNotebook. Each cell contains one kind of information: text, input or
output, or graphics. Cellscan be selected individually and moved to other part of the Notebook or another Notebook. Cells
can also be grouped together to form "sections" or "chapters'. Each cell can have its own font, face, size, and color.

m Creating a New Cell

There are several waysto create anew cell. When a new Notebook is opened, it is empty (no cell). However, as soon as
something is typed in, Mathematica creates a new cell to hold the typed input. A cell can be created beneath any existing
one by placing the cell insertion pointer at the bottom edge of the existing cell and typing.

m Selecting a contiguous range of cell

Click the cell bracket to select acell. When acell is selected, its bracket ishighlighted. To select a contiguous range of
cells, click the beginning cell or the last cell to select it, and then drag to extend the highlight across the contiguous range of
cells
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m Cell Options (the [Cell] menu)

In Mathematica, cells may contain input or output, explanatory text, titles, headings, or graphics. In other words, different
cells have different attributes.

The Mathematica frontend assigns some attributes to a cell automatically when it is created. However, one can
assign (or change) attributes by using commands in the [Cell] menu. Choosing a command in [Cell] menu activates the
attribute for the selected cells and makes a check mark next to it. Choosing the command again deactivates the attribute
and removes the check mark.

m Different Forms

There are four different forms for regular cells:
InputForm
OutputForm
StandardForm
TraditionalForm
asfollows:

Integrate[ x*4, {x, 1, y}]

y5
+—
5

gl =

4
Integrate[x , {x, 1, y}]

1 y®
- —
5 5

y
~fx“dlx

1

1 y®
- —

5 5

Y
fx“dx

1

1 y®
- —

5 5

Forms can be converted to another one by clicking [Cell][Convert to]. To type the mathematical formula/expression in
traditional form directly, one can use the typeset palette.
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m Céell Properties

A cell can have following properties:

Open

Editable

Edit Duplicate

Evaluatable

Active

Initialization
Open: indicates that the content of cell will be displayed.
Editable: indicates that a cell can be edited.
Edit Duplicate: indicates that when editing a cell, the cell duplicates itself and all changes will be made to the copy instead
of the original cell.
Evaluatable: indicates that a cell contains valid Mathematica commands which can be evaluated.
Active: indicates that acell is active and wheneve you click on this cell, certain action will be taken.
Initialization: indicates that a cell will be evaluated automatically whenever the Notebook is opened.

m Groups of Cells

A sequence of contiguous cells can be grouped together. Groups of cells are indicated by additional brackets on the right
side of the Notebook window.

To group arange of cellstogether: select the range of cells (they must be contiguous cells), and choose the [Group
Cdllg] in the [Cédll][Cell Grouping] menu.

To undo the grouping, select the group and choose [Ungroup Cellg] in the [Cell][Cell Grouping] menu.

A grouped range of cells can be closed so that only the first cell inthe group isvisible. To do this, select the group,
and choose [Open/Close Group] in the [Cell] menu. Another way to open/close a group of cellsisdouble click the most
outside cell bracket.
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m Merge/Divide Cells

A sequence of contiguous cells can be merged into asingle cell. To merge arange of cellstogether: select the range of
cells (they must be contiguous cells), and click the [Merge Cells] in the [Cell] menu.

To divide asingle cell into two: place the cursor at the position where you want to break the cell and click [Divide
Cdllg] in the [Cell] menu.

m Key combinations

Athough mouse is convenience, key combinations can be very useful to speed up inputing formulainto Mathematica. Pay
attention to the key combinations on the right-side of the menu items.

V. Doing Mathematics with Mathematica

m Arithmetic Operations

XNy power
-X minus
xly divide
Xyz multiply
X*y*z multiply
X+y+z add

m Precision

When trying to perform arithmetic operations on integers, one will get an exact result.

Examples:

2123

10633823966279326983230456482242756608

34

26
17

13
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11
e
35
15

However, one can aways force Mathematica to output an approximate result (to six significant figures) by ending an input
linewith //N. (Remember: N isin capital letter)
expr //IN  approximate numerical value of expr

Examples:
1 1
0. 533333
N[2123]

1. 06338 x 1037

One can use the build-in function N to get a numerical result up to any degree of precision.
N[expr] approximate numerical value of expr
N[expr, n] numerical value of expr to n decimal digits

0. 533333
1 1
N[—3—+ = 30]
0. 53333333333333333333333333333

N[7]

3. 14159
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N[, 50]

3.1415926535897932384626433832795028841971693993751

The function N[ ] or the suffix //N forces Mathematica to output a numerical result no matter what kind of operations it
performs. However, the function N[ ] can be used to specify a desirable precision, and can be used in an expression. For
example, Eigenvalues]N[m]] will return the numerical eigenvalues of the matrix m.

m Complex Numbers

Mathematica can perform operations on complex numbers. The constant | is the square root of -1.

Examples:

N

21

N[Exp[3+7mI]]

-20. 0855
4 +31
2-51

7 26 1

-—+

29 29
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10

N[Sin[4+51], 20]

-56.16227422023234970 - 48. 50245524177091277 |

m Basic Functions and Operations

. Arguments of functions are given in square brackets, and separated by comma.
. Names of built-in functions have their first |etters capitalized.

. Multiplication can be represented by a space.

. Powers are denoted by .

. Numbers in scientific notation are entered, for example, as 3.4544 10°-3.

All built-in functions use their full names unless there are standard abbreviations for them. For examples,
Conjugate]Z] isthe complex conjugate of z, and Sin[X] is the sine function.

Hereisalist of some fundamental functions and constants in Mathematica.

. functions
Sort[x] sguare root
Exp[x] exponential
Log[X] natural logarithm
Log[b,x] logarithm of x to base b
Sin[x], Cogx], Tan[x] trigonometric functions
ArcSin[x], ArcCog[x], ArcTan[X] inverse trigonometric functions
n! n factorial
Abg[X] absolute value
Round[x] closest integer to x
Mod[n,m] n modulo m (remainder on division)
Random(] pseudorandom number between 0 and 1
Max[X, y, ...], Min[x, y, ...] maximum, minimum of X, y, ...
FactorInteger[n] prime factors of n
Re[Z] real part of a complex number z
Im[Zz] imaginary part of acomplex number z
Conjugate[ Z] complex conjugate of z
Arg[Z] the argument of z
. constant
Pi = 3.1415926.......
E =2.71828.........

Degree = Pi/180 degree to radian conversion factor
I = square root of -1
Infinity = infinity

Example:
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N[Si n[20 Degree] ]

0. 34202

One can also type
2command
to access the online help.

m Building Up calculations

s Using Results

In Mathematica, % standsfor thelast result, %% the last but oneresult; and so on. In addition, %n standsfor the result on
the output line Out[n].
Examples:

Sin[2.234]

0. 788024

4%

3.1521

Cos [3. 13]

-0. 999933

%+ | 96

-0.999933 + 3. 1521 |

%880+ | %0

0. 788024 - 0. 999933 |

m DefiningVariables

It is often convenient to give names to intermediate results. Asin standard mathematics or in other programming
languages, this can be done by introducing named variables.

Examples:
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64

m Listsof objects

Mathemeatica arrangesits datain theformof lists. A list treatsseveral objects(like several numbers, or functions)asasingle
entity. A listlike{2, 3, 4, 1} isacollectionof four objects(numbers). When an operationis performedonit, it istreatedasa
singleentity.

Examples:
v ={6, 3, 5}
{6, 3, 5}
v+2
(8, 5, 7}

v2

(36, 9, 25}

Here are some common operations on lists.

Range[n] createthelist{1, 2, 3, ..., n}
Range[n,m] createthelist{n, n+1, n+2, ... ,m}
Range[n,m,d] createthelist {n, n+d, ..., m}
Note: If nor misnot an integer, it will be rounded to the nearest smaller integer.
{ab,c,d,e} create thelist {a,b,c,d,e}
If visalist,
list[[i]] thei-th element of list
list[{i,j,.--}]] the sublist consisting of i-th, j-th, ... elements of list
list[[i]]=value assign value to the i-th element of list
list[[i,j,...]] an element of anested list

Examples:
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t = {{1, 2, 3}, {4, 5 6}, {7, 8, 9}}

({1, 2, 3}, {4, 5, 6}, {7, 8, 9})

t [1]

{1, 2, 3}

t [1, 2]
2

t[1, 2] = 10

10

t

{{1, 10, 3}, {4, 5, 6}, {7, 8 9}}

t 1] = 10

10

t

{10, {4, 5, 6}, {7, 8, 9}}
When accessing a nonexisting element of the list t, Mathematica gives an error message.
Example:

t [1, 2]
Part::partd : Part specification {10, {4, 5, 6}, {7, 8, 9}1[1, 2] is longer than depth of object.

{10, {4, 5, 6}, {7, 8, 9}}[1, 2]

s MathematicaPackages

Mathematica has alarge number of built-in functions. Y et, they cannot cover all possible application areas. Mathematica
comes with avariety of "packages' for specific applications. A Mathematica package is a standard text file, and can be
read in by using the command <<.

Example:

<< G aphics'PlotField
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PlotVectorField[{x, vy}, {x, -4, 4}, {y, -3, 3}1;

L N T T R P I AP AP A 4
AN N N U L S T DY DT T A A S .4
A N U U T T T T B B S SRR A A 4
Yo Y %Y Y M bV A 4 L 1 v v v ¥
. Y W %Y %Y N N A 4 € v v v v ¥
-— - - % W %Y N ) 4 v v v v
- - - - N NN | e
- a4 2 a a 4 2V A A A a2 2 = =
a 4 4 & 4o » 2 VT A\ A A A A A a
a & & & s P T U A A A A A A
VY Y Sy S S S 2 B B W U U U N
VY SRV Sy S R A A N Y U U N
VAV Y SN S S 2 A B L U W W U NN
VAV AR A S S 2 S R L T W W N NN

The two packages we need most often are Graphics PlotField* and Calculus' L aplaceT ransform'

VII. Formulae and Mathematical Operations

m Representing Formulae
Functions in Mathematica can be used in a symbolic way.

Examples:

Ve +V12
2+/2 +2+/3
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(Vx+y)°

(4+y)3

m Substitution of Variables

x=value define avauefor x asvalue

X=. remove any definition for x

expr /. x->value replace x by valuein the expression expr
expr /. {x->xval, y->yval} perform the replacements

Variables in aformula can be substituted by any (symbolic or numerical) value.

Examples:
1+x7"2 . x->4
17
y=3+x"2
3+X
y /. x->1+a

3+ (1+a)2
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From the last four lines, it can be seen that the substitution has no effect on the value of x; in other words, the substitution is
restricted in the evaluation of the expression.

m Algebra

Algebraic expressions can usually be written in many different ways. Mathematica provides avariety of functions for
converting expressions from one form to another.

Expand[expr]

multiply out products and powers, but leave denominators in factored form
ExpandAll[expr]

apply Expand everywhere
Factor[expr]

reduce to a product of factors
FactorTerms[expr]

pull out common factors from each term
Together[expr]

put all terms together over acommon denominator
Apart[expr]

separate into terms with simple denominators
Cancel[expr]

cancel common factors between numerators and denominators
Collect[expr,X]

group together termsinvolving the same powers of x
Simplify[expr]

give the smplest form of expr found
Coefficient[expr,form]

the coefficient of form in expr
Exponent[expr,form]

the maximum power of form in expr
Numerator[expr]

the numerator of expr
Denominator[expr]

the denominator of expr

Examples:
e=(x-1)"2 (2+x)/ ((1+x) (2-x)"2)

(=1 +x)2 (2+x)
(2-%x)2 (1+x)




UsingMMA.nb

Expand] €]
2 3x x3
(2-x)2 (1+%x) (2-x)2 (1+x) ¥ (2-x)2 (1+x)

ExpandAl | [ e]
2 3x x3

- +
4-3x24+x3 4-3x2+x3 4-3x2+x3
Toget her[ %

2-3x+x3
4 -3x24+x3

Apart[ %

4 23 4

1+ + +
3(=2+x)2 9 (-2+x) 9 (L+x)

Factor[ %

e=Expand[ ( 3+2x+y) *3]
27+54x +36x2 +8x3 +27y +36Xy +12x%2y +9y2 +6xy2 +y°3
Col l ect[ e, x]

27+8x3+27y+9y?2 +y® +x? (36+12y) +x (54+36Yy +6Yy?)

Example:
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Expand[ Si n[ x] Cos[ 3x], x, Tri g- >Tr ue]

Cos[x]3Sin[x] -3 Cos[x] Sin[x]3

To suppress the output for along expression,

command;

execute command, but do not print the result
expr // Short

show expr in aone-line outline form
Short[expr,n]

show expr in n-line outline form
Length[expr]

show the total number of termsin expr

Examples:

Expand[ ( 2+3x+29y+31z) ~10] ;
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Expand[ (2+3x+29y+31z)~10] // Short

31181719929966183601 + <<119>> + 819628286980801 z°

m Calculus

m  Symbolical Computations

Each of the following operations gives an exact result unlessiit involves decimals or isforced to output a numerical value
by /INorN[].

D[fX]
the partial derivative of f with respect to x
D[f, x1, X2, ...]
the multiple partia derivative of f with respect to x1, x2, ...
DI[f, {x, n}]
the n-th derivative of f with respect to x
Dt[f]
the total differentia df
Dt[f,x]
thetotal derivative of f with respect to x
Integrate]f, X]
the indefinite integral of f with respect to x
Integratef, { X, xmin, xmax}]
the definite integral of f with respect to x from xmin to xmax
Integrate]f, {x, xmin, xmax}, {y, ymin, ymax}]
the definite integral of f
Sum(f, {i, imin, imax}]
the summation of f with i run from imin to imax
Sum([f, {i, imin, imax, di}]
the summation of f with i increasing in steps di
Product[f, {i, imin, imax}]
the product of f with i run from imin to imax
Limit[f, x -> x0]
the limit of f asx goesto x0
Sum([f, {i, imin, imax}, {j, jmin, jmax}]
the summation of f
Serieq[f, {X, X0, n}]
apower series expansion of f at the point x = x0O to order (X - X0 )*n
Normal[series)
truncate a power seriesto an ordinary expression

Examples:
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f =Expand[ ( x+y) 3]

x3+3x2y+3xy2+y3

D f,x]

3x2+6xy+3y2

Dt[f]

3x2Dt[X] +6XyDt[x] +3y2Dt [x] +3x2Dt[y] +6xyDt[y] +3y2Dt[y]

DL[f,t]

3x2Dt[x, t]+6xyD[x, t]+3y?Dt[x, t]+3x®Dt[y, t]+6xyDti[y, t]+3y’Dty, t]

Integrate[f, x]

Integrate[f,{x,0,3},{y, 0, x}]

729

4

Sunf x™i y2j, {i,0,3},{j,0,i}]

1ex+xX2+x3+xy+x2y+x3y+x2y? +x3y?+x3y3

Sunf1/i 73, {i, 1, Infinity}]

Zeta[3]

N %4
1. 20206

Product [ x?i /i, {i,1,10}]

x55

3628800

Series[Exp[-a t](1 + Sin[2t]),{t,O0,4}]

a?y 4a a® a*
—Za+7 te+

4 ad
1+ (2-a)t + ——+a2——)t3+ —_— t4+O[t]5
3 3 3 24

6
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Series[f[t]"3,{t,0,3}]
(x3+3x2y +3xy2+y3)[01%+3 (x3+3x2y+3xy2+y3)[0]2 (x3+3x2y+3xy2+y3) (0]t +
(x3+3x2y+3xy2+y3)[0]3 3 (x3+3x2y+3xy2+y3)7[0]? 3 (x3+3x2y +3xy2+y3)”[0] -
(x3+3x2y +3xy2+y3)[0]? 2 (x3+3x2y+3xy2+y3)[0]
2 (x3+3x2y +3xy2+y3)7[0] (x3+3x2y+3xy2+y3)” [0
35352y +3xy2 +y3) [0]° (X + y + ye+y?) [0] (X°+ y+3Xy“+y?) []+
(x3+3x2y +3xy2+y3)[0]2
3 2 2 3.\ (x3+3x2 y+3x y24+y3)” [0]2 (x3+3x2 y+3xy2+y3)7 0]
O +3x%y +3xy2+y*) (0] (T5 5y S T T017 * Wty xy? 53TT0 )
(x3+3x2y+3xy2+y3)[0]
(x3+3x2y +3xy2+y3) 3 (0] .3
2 (x3+3x2y+3xy2+y3)][0] ¥
ort 14
Nor mal [ %4
(x2+3x2y +3xy2+y3) 101343t (x3+3x2y+3xy2+y3)[0]% (x®+3x%2y+3xy2+y3)’[0] +
3(x3+3x2y+3xy2+y3)’[0]2 3 (x3+3x2y+3xy2+y3)”[0
tz(x3+3x2y+3xy2+y3)[0]3 ( y y y) [] < y y y) [] +

(x3+3x2y +3xy2+y3)[0]2

t3 (x3+3x2y+3xy2+y3) [0]

2 (x3+3x2y+3xy2+y3)][0]

312 (x3+3x2y+3xy2+y3)7[0] (x3+3x2y+3xy2+y3)”[0]

+

(x3+3x2y +3xy2+y3)[0]2

3.3x2 2,931 012
(x®+3x2y +3xy2+y3)"[0] <(X +3x2 y+3xy“+y3)” [0]

x3+3x2 y+3xy2+y3)”7 0] )

(x3+3x2 y+3xy2+y3) [0]°

(x3+3x2 y+3x y2+y3) [0]

(x3+3x2y+3xy2+y3)[0]

(x3+3x2y +3xy2+y3) ) [0]
2 (x3+3x2y +3xy24+y3)[0]

Sin[x]/x /. x->0

1
Infinite expression T encount er ed.

Power: :infy :
o :indet :

I ndet erm nat e

I ndet ermi nat e expressi on 0 Conpl exI nfinity encountered.
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Limt[Sin[x]/x,x->0]

1

= Numerical Computations

A list of functions for numerical computations are given below:

NIntegrate]f, {X, xmin, xmax}]

the numerical definiteintegral of f on the inteval (xmin, xmax)
NIntegrate]f, {x, xmin, xmax}, {y, ymin, ymax}]

the numerical definiteintegral of f
NSum(f, {i, imin, Infinity}]

the summation of f
NSum[f, {i, imin, Infinity, di}]

the summation of f withi increasing in steps di
NSum[f, {i, imin, imax}, {j, jmin, jmax}]

the summation of f
NProduct[f, {i, imin, Infinity}]

the product of f

Remark: The combination of N[ ] and Integrate] ] can be used to get a numerical value of adefinite integral, but thisis
different from the function Nintegrate[]. The former integrates the integrand analytically and then evaluate its numerical
result while the later integrates the integrand numerically right away. Similarly, N[Sum[ ]] is different from NSum([ ], and
N[Product[ ]] different from NProduct] ].

Remove [x, y]

m Equation Solving

= Symbolic/Exact

To test whether the left-hand side of an equation is equal to itsright-hand side, use
lhs==rhs

There are several functions in Mathematica which can be used to solve an equation or a set of equations symbolically.
Solve[lhs==rhs, X]
solve an equation Ihs == rhsfor x
Solve[{Ihsl==rhsl, Ihs2==rhs2, ...}, {x1, X2, ...}]
solve equations { Ihsl= rhsl, |hs2=rhs2, ...} for {x1, x2, ...}

Examples:



UsingMMA.nb

23

Sol ve[ x"2+3x == 4, X]
{{x>-4}, {x->1}}

Sol ve[ { 2x+y==1, x+2y==3}, {X,Yy}]

({x=-3. v 7))

To solve adifferential equation, we use the function DSolve:

DSolveleans, y[x], X]
solve adifferential equation for y[x], taking X as the independent variable

DSolve[egns,{y1[x].y2[x]....} ]
solve the system of differential equations for y1[x], y2[X], ...

Examples:
DSol ve[y’ [x]==a y[x],y[x], ]
{{y[x] »E**C[1]}}
yIx]+y' [x]+y[0]/. %
{E*X C[1] +y [0] +y’[x]}
DSol ve[y' [ x] ==a y[Xx], VY, X]
{{y » (2" C[1]&)})
yIX]+y" [X]+y[0]/. %
{C[1] +E®XC[1] +aE®* C[1]}
DSol ve[ {x [t]==y[t],y’ [t]==a x[t]}, {x[t],y[t]},t]

-Jat Jat
(i) - L EE BB o s eva ey ve  cp2)))

Ja Ja
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DSol ve[ {x’ " [t]+4 ==0, x[ 0] ==x[ 1]}, x[t],t]
Sol ve: :svars : Equations may not give solutions for all "solve" variables.

{({x[t]»>2t-2t2+C[1]}}

» Numerical Equation Solving, Optimization and Differential Equation Solving

NSolve[lhs == rhs, X]
solve apolynomia equation numerically
NSolve[{lhsl ==rhsl, |hs2 ==rhs2, ..}, {X, VY, ... }]
solve a system of polynomial equations numerically
FindRoot[lhs == rhs, {x, x0}]
search for anumerical solution for the equation, starting with x=x0
FindRoot[{lhsl ==rhsl, |hs2 ==rhs2, ...}, {X, X0}, {y, y0}, ... ]
search for anumerical solution for the system of equations, starting with x=x0, y=yo0, ...
FindMinimum[f, {x, x0}]
search for alocal minimum of f, starting with x=x0
FindMinimum[f, {x, x0}, {y, YO}, ...]
search for alocal minimum of f, starting with x=x0, y=y0, ...
NDSolve]egns, v, {X, xmin, xmax} ]
solve adifferential equations numerically for y, with the independent variable x ranging from xmin to xmax
NDSolvelegns, {y1, y2, ...}, {X, xmin, xmax}]
solve asystem of differential equations numerically for {y1, y2, ...}

The two of the main differences between NSolve and FindRoot are
1. NSolve can only handle polynomial/rational equations while FindRoot can handle any type of nonlinear equation;
2. however, FindRoot can only find one solution no matter how many solutions the equation has, while NSolve can
find "all" solutions.

Examples:
NSol ve[ x"5==1. 5 x"3+1, Xx]

{{x > -1.0263 -0.300455 1}, {x - -1.0263 +0.300455 1 }, {x - 0.339627 - 0. 7220761 },
{Xx - 0.339627 +0. 722076 | }, {x -»1.37334}}
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NSol ve[ { xA5==1.5 y x/3+1+y"3, yr4+y"2 x==1},{X, y}]

{{y » -1.17528, x » -0. 657321},
{y--1., x=0.}, {y--0.872903 - 0. 324051 |, x - 0.21708 - 1. 31841 },
{y - -0. 872903 + 0. 324051 |, x » 0.21708 + 1. 3184 | },
{y - -0. 862438, x —»0.600649}, {y - -0.413156 - 1.195251, x - 0. 766143 - 1. 37378 | },
{y - -0.413156 + 1. 19525 |, x - 0. 766143 + 1. 373781 },
{y - -0.114935 - 0. 8368 |, x -» -0. 662723 - 0. 57026 | },
{y -» -0.114935 + 0. 8368 |, x -» -0. 662723 + 0. 57026 | },
{y - 0.00425201 - 1. 27625 1, x - 1. 01487 +0. 0149441 | },
{y - 0.00425201 + 1. 27625 |, x - 1. 01487 - 0. 0149441 | },
{y -»0.125263 - 0. 763597 |, x —» -1. 01517 + 0. 724878 | },
{y - 0.125263 +0. 763597 |, x - -1. 01517 - 0. 7248781 },
{y - 0.202139 - 0. 951517 |, x - -0. 101014 + 0. 814301 | },
{y - 0.202139 +0. 951517 |, x - -0. 101014 - 0. 814301 | },
{y - 0.734846, x - 1. 31186}, {y - 0.876732 -0.185991 |, x - 0. 403646 + 0. 831589 | },
{y »0.876732 +0. 185991 | , x - 0. 403646 - 0. 831589 | },
{y - 1. 34404 - 0. 156025 |, x - -1. 25043 + 0. 544537 | },
{y - 1. 34404 +0. 156025 |, X - -1. 25043 - 0. 544537 | }}

Fi ndRoot [ Cos[ x] ==x, {X, 0. 4}]

{x » 0.739085}

Fi ndRoot [ { Cos[ x] ==y x, y”"2 == Sin[x"2]},{x,0.4},{y,0.1}]

{x - 0.835944, y » 0. 802061}

Fi ndM ni mun{ x Si n[x], {x, 2Pi }]

{-4.81447, {x -»4.91318}}

Fi ndM ni mun{ xA2 y~4-x-y~2+2, {x, 2}, {y, 1}]

FindMnimum:fncv : Failed to converge to the requested accuracy or precision within 30 iterations.
{-9.25343x 10, {x »1.13656x10%2, y » -0. 000635894} }

NDSol ve[ {y’ [x] ==y[x] x, y[ 0] ==1},V, {X, 0, 2}]

{{y » InterpolatingFunction[{{0., 2.}}, <>]}}
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Pl ot[ Eval uate[y[x] /.

%A.{x 0,2}]

- Gaphics -

1.



