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Appendix A

Reference

This appendix lists functions, operators, menu commands, special key-
strokes, and other reference material. It is made up of the following
sections:

Menu commands

Function keys

Greek letters

Operators

Built-in functions listed alphabetically

Predefined variables

Suffixes for numbers

Arrow and movement keys

ASCII codes
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Menu commands

File menu

New [Ctrl N Open new worksheet based on available tem-
plates.

Open... [Ctrl ]O Open existing worksheet or template.

Save [Ctrl ]S Save current worksheet or template.

Save As... Save currentworksheet or template under new
name.

Close [Ctrl ][F4] Close current worksheet or template.

Collaboratory... Open a dialog box for downloading and up-
loading messages and Mathcad worksheets
from MathSoft’s Collaboratory server on the
Internet.

Internet Setup... Change various settings associated with Inter-
net access.

Send... Mail current worksheet.

Page Setup... Set margins, suppress printing beyond right
margin.

Print Preview... Show worksheet as it will appear when print-
ed.

Print... Print worksheet or selected regions.

Exit [Alt J[F4] Exit Mathcad.

Edit menu

Undo [Alt ][BkSp] Undo most recent edit.

Redo Undo the last undo.

Cut [Ctrl ]X Cut selection.

Copy [Ctrl ]C Copy selection.

Paste [Ctrl 1V Insert selection most recently copied or cut.

Paste Special Insert selection most recently copied or cutin
other available formats.

Delete [Ctrl ]D Delete selection.

Select All Select every region in the worksheet.
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Find... [Ctrl ][F5] Search for math or text characters.
Replace... [Shift ][F5] Search for and replace math or text characters.
Go to Page... Position the top of a specified page at the top
of your window.
Check Spelling... Search text for misspelled words.
Links... Edit OLE links in the worksheet.
View menu
Math Palette Hide Math Palette. When Palette is hidden,
this menu item is checked.
Toolbar Hide Toolbar. When Toolbar is hidden, this
item is checked.
Format Bar Hide Format bar. When Format Bar is hidden,
this menu item is checked.
Regions Toggle between boxed and unboxed display
of regions.
Zoom... Zoom in for a close-up or out for an overall
view.
Refresh [Ctrl ]R Force screen redraw.
Animate... Create an animation clip.
Playback... Play an existing animation clip.
Insert menu
Graph O
X-Y Plot @ Create two-dimensional Cartesian plot.
Polar Plot [Ctrl 17 Create a plot for plotting radius against angle.
Surface Plot [Ctrl ]2 Create a plot for displaying a surface in three
dimensions.
Contour Plot [Ctrl 15 Create a plot for displaying the level curves of

3D Scatter Plot
3D Bar Chart
Vector Field Plot

a surface.
Create a three-dimensional scatter plot.
Create a three-dimensional bar chart.

Create a vector field plot for two-dimensional
vectors.

Menu commands
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Matrix... [Ctrl M Create a new matrix or insert and delete rows
or columns from an existing matrix.

Function... [Ctrl ]F Show a scrolling list of available built-in func-
tions.

Unit... [Ctrl U Show a scrolling list of available units.

Picture... [Ctrl T Insert a region for graphics import.

Math Region Create a math region inside a text region or at
the crosshair location.

Text Region " Start a new text region at the crosshair loca-
tion.

Page Break Insert a hard pagebreak.

Hyperlink [

New Create a hypertext link from the currentregion
to another worksheet on a local file system or
on the World Wide Web.

Erase Deactivate any hypertext links associated
with the current selection.

Edit Edit a hypertext link associated with the cur-
rent selection.

Reference... Make variable and function definitions from
another worksheet available in the current
worksheet.

Component... Inserta data or application componentinto the
worksheet at the crosshair.

Object... Embed or link an OLE object from an OLE
server on your system.

Format menu

Number... Change precision displayed, threshold for sci-
entific notation, and other similar characteris-
tics.

Equation... Choose font, size, color, and style used to
display math expressions.

Text... Choose font, size, color, and style of selected
text.

Paragraph... Choose indenting and justification style of
selected text region.

Style... Apply, modify, create, or delete text style.
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Properties...

Color O
Background...
Highlight...

Annotation...

Use default palette...

Optimize palette...

Graph O

X-Y Plot...

Polar Plot...

3D Plot...

Trace...

Zoom...

Separate Regions
Align Regions[]

Across

Down

Lock Regions[]

Set Lock Area

Lock Area...

Change background color or surrounding box
of selected region. Apply calculation options
to math region.

Change color of worksheet background.
Change color of highlighted regions.

Change color of any changes made to an Elec-
tronic Book.

Enable or disable the display of all bitmap
images using a default color palette to reduce
screen flashing on 256-color displays. When
the default palette is used, this menu item is
checked.

Create optimal 256-color default palette for
display of all bitmap images in the worksheet.

Change characteristics for all Cartesian plots
in current worksheet. If a plot is selected,
changes will affect only the selected plot.

Change characteristics for all polar plots in
current worksheet. If a plotis selected, chang-
es will affect only the selected plot.

Change characteristics for the currently se-
lected three-dimensional plot.

Read coordinates directly from the currently
selected graph.

Magnify view of a portion of the currently
selected graph.

Separate overlapping regions.

Align selected regions to a horizontal line
midway between the highest and the lowest
region.

Align selected regions to a vertical line mid-
way between the rightmost and the leftmost
region.

Define extent of a write-protected area on the
worksheet.

Write protect selected area.

Menu commands
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Unlock Area...

Permit editing in a locked area.

Headers/Footers... Specify headers and footers for printouts.
Math menu
Calculate [F9] Update all results on screen.

Calculate Worksheet

Automatic Calculation

Optimization

Options [J
Built-In Variables...

Unit System...

Dimensions...

Update all results in worksheet.

Toggle between automatic calculation mode
in which Mathcad updates screen continuous-
ly, and manual mode.

Turn optimize feature on and off. This feature
causes Mathcad to attempt to simplify any
expression to the right of “:=”" or “=". When
the optimize feature is on, this menu item is
checked.

Set values of built-in variables. Reset random
numbers.

Choose unit system for the default display of
results.

Choose the names of the fundamental dimen-
sions for the current system of units.

Symbolics menu

Evaluate J

Symbolically [Shift ][F9]

Floating Point...

Complex

Simplify

Carry out symbolic evaluation of an expres-
sion.

Return a floating point number for constants
rather than a symbolic expression. A dialog
box allows you to choose the floating point
precision.

Carry out symbolic evaluation of a complex
expression. The resultis expressed in the form
a+b0.

Simplify the selected expression, performing
arithmetic, canceling common factors, and
using basic trigonometric and inverse func-
tion identities.
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Expand

Factor

Collect

Polynomial Coefficients

Variable [J

Solve

Substitute

Differentiate

Integrate

Expand to Series...

Convert to Partial
Fraction

Matrix O

Transpose

Expand all powers and products of sumsin the
selected expression.

Factor the selected expression into a product,
if the entire expression can be written as a
product. To factor a subexpression of a larger
expression, select the subexpression.

Collect terms containing like powers of the
selected subexpression, which may be asingle
variable or a function together with its argu-
ment. The result is a polynomial in the select-
ed expression.

Find the coefficients of the expression when
written as a polynomial in the selected vari-
able or function.

Find the value of the selected variable that
makes the expression containing the variable
equal to zero. If you select a variable in an
equation or inequality, this command solves
the equation or inequality for the selected
variable.

Substitute the contents of the clipboard for
each occurrence of a selected variable in an
expression. To use this menu command, first
put the expression being substituted in the
clipboard by selecting and choosi@égpy or
Cut. Then select an occurrence of the variable
you are substituting for and choose this menu
command.

Differentiate the entire expression containing
the selected variable with respect to that vari-
able. Other variables are treated as constants.

Integrate the entire expression containing the
selected variable with respect to that variable.

Derive an expansion series for an expression
with respect to the variable you have selected.
A dialog box allows you to choose the order
of the series.

Generate a partial fraction expansion for an
expression by factoring the numerator and
denominator with respect to the selected vari-
able.

Return transpose of the selected matrix.

Menu commands
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Invert

Determinant

Transform O

Fourier

Inverse Fourier

Laplace

Inverse Laplace

Inverse Z

Evaluation Style...

Return symbolic inverse of the selected
square matrix.

Return symbolic determinant of the selected
square matrix.

Evaluate Fourier transform of expression with
respect to the selected variable. Result is in
terms ofw.

Evaluate the inverse Fourier transform of the
expression with respect to the selected vari-
able. Result is in terms &f

Evaluate the Laplace transform of the expres-
sion with respect to the selected variable. Re-
sult is in terms o§.

Evaluate the inverse Laplace transform of the
expression with respect to the selected vari-
able. Result is in terms of

Evaluate the-transform of the expression
with respect to the selected variable. Result is
in terms ofz.

Evaluate the inversetransform of the ex-
pression with respect to the selected variable.
Result is in terms afi.

Choose the format for symbolic results. A
dialog box presentsthe options, which include
vertically stacked display of results and com-
ments, horizontal display, and display without
evaluation comments.

Window menu

Cascade

Tile Horizontal

Tile Vertical

Arrange Icons

Stack all worksheet windows neatly, with title
bars showing.

Arrange all worksheet windows horizontally
so that they don't overlap.

Arrange all worksheet windows vertically so
that they don't overlap.

Arrange worksheet icons neatly along lower
left edge of application window
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Help menu
Mathcad Help...

Resource Center...

Tip of the Day...

Open Book...

Using Help...
About Mathcad...

[F1]

Show index for on-line help.

Open a window for browsing reference con-
tent, QuickSheets, and Web-based work-
sheets and information.

Show a series of helpful hints. Displays auto-
matically at Mathcad start-up unless disabled.

Open a Mathcad Electronic Book you have
installed.

Show instructions for using Help.

Display version number, serial number, and
copyright information.

Menu commands
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Function keys

Keys
[F1]
[Shift ][F1]
[F2]
[F3]
[F4]
[Ctrl ][F4]

[F5]
[Ctrl ][F5]
[Shift ][F5]
[F6]
[Ctrl ][F6]
[F7]
[F9]

Actions

Help.

Context sensitive help.

Copy selected region to clipboard.
Cut selected region to clipboard.
Paste contents of clipboard.

Close worksheet or template.

Open a worksheet or template.
Search for text or math characters.
Replace text or math characters.
Save current worksheet.

Make next window active.

Open a new worksheet.

Recalculate everything on the screen. VREAD, WRITEOr other
file 1/0 function selected, forces Mathcad to read or write to disk.
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Greek letters

To type a Greek letter into an equation or into text, press the corresponding roman
equivalent from the table below, followed f@trl ]G Alternatively, use the Greek
Symbol Palette.
Name Uppercase Lowercase Roman equivalent
alpha
beta
chi
delta
epsilon

eta

@ I mDbPB> X W >

gamma

- < S o X ®WQ
- O I mMmoO wm >

iota
kappa
lambda
mu

nu
omega

omicron

mTo sz X

phi

phi (alternate)
pi

psi

rho

sigma

tau

©® - o€ 46 0§g < T > X

theta

theta (alternate)

cC « 0 4 unw x»m < T

upsilon

c

Xi
zeta z (

N X Cc~«0O0 1d1wnw o<V TTOosz2r" X

Note: In equations, the Greek letteis so commonly used that it has its own keyboard
shortcut:[Ctrl ]P.
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Operators
In this table:
m A andB represent arrays, either vector or matrix.
m U andv represent vectors with real or complex elements.
m M represents a square matrix.
m zandw represent real or complex numbers.
m X andy represent real numbers.
m  mandn represent integers.
m | represents a range variable.
m  Sand any names beginning wilitepresent string expressions.
m trepresents any variable name.
m frepresents a function.
m X andY represent variables or expressions of any type.
For information about programming operators in Mathcad Professional, see Chapter
18, “Programming.” For information about symbolic operators and keywords, see
Chapter 17, “Symbolic Calculation.”
Operation Appearance Keystroke Description
Parentheses (X) ' Grouping operator.
Vector
Subscript Vi [ Returns indicated element of a vector.
Matrix Ann [ Returns indicated element of a matrix.
Subscript
Superscript AH [Ctrl]6 Extracts columm from arrayA. Returns a vector.
. >
Vectorize X [Ctrl]- Forces operations in expressito take place element
by element. All vectors or matricefimust be the same
size.
Factorial n! ! Returnsn (n—1) (n—2)... The integercannot be
negative.
Complex X " Inverts the sign of the imaginary partXfThis key-
conjugate stroke creates a string expression in a blank placeholder.
Transpose AT [Ctrl]2 Returns a matrix whose rows are the columns ahd
whose columns are the rowsAfA can be a vector or
a matrix.
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Power

Powers of
matrix,
matrix inverse

Negation
Vector sum

Square root

nth root

Magnitude,
Absolute value

Magnitude
of vector

Determinant

Division

Multiplication

Cross
product

Summation

Product

Range sum

Range product

A

Mn

2V

Jz
n/z

|2

N XX

=
2

[Ctrl]4
\

[ctri\

[Ctr]8

[Ctrl]
[Shift]4

[Ctrl]
[Shift]3

Raises to the powe.

nth power of square matrM (using matrix multiplica-
tion). n must be a whole numbevi-1 is the inverse of
M. Other negative powers are powers of the inverse.
Returns a square matrix.

Multiplies X by 1.
Sums elements of vector v; returns a scalar.

Returns positive square root for positeorincipal
value for negative or complex

Returnsth root ofz; returns a real valued root whenever
possible.

ReturnsyRe(z)2 + Im(2)2 .

Returns the magnitude of the vector./v Ov if all
elements iv are real. Returng/v 7 ifany elementin
v is complex.

Returns the determinant of the square marbResult
is a scalar.

Divides the expressiod by the non-zero scalar If X
is an array, divides each elementay

Returns the product &fandY if bothX andY are scalars.
Multiplies each element of by X if Yis an array an

is a scalar. Returns the dot product (inner produe) if
andY are vectors of the same size. Performs matrix
multiplication if X andY are conformable matrices.

Returns cross-product (vector product) for the three-
element vectora andv.

Performs summation &fover = m, m+1, ..., r Xcan
be any expression. It need not invoivaut it usually
does.m andn must be integers.

Performs iterated product ¥ffor = m, m+ 1, ..., r.X
can be any expression. It need not involvet it usually
does.m andn must be integers.

Returns a summation of over the range variableX
can be any expression. It need not involvet it usually
does.

Returns the iterated productXbver the range variable
i. X can be any expression. It need not invélbat it
usually does.
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Integral

Derivative

nth Derivative

Addition

Subtraction

Addition with
line break

Greater than

Less than

Greater than or

equal

Less than or equal

Not equal to

Equal to

b
IRCE
d
af(t)

dn
0

X+Y

[ctrl]?

[cwll[ O

>

[Ctrl]O

[Ctrl]9

[Ctrl]3

[Ctrl]=

Returns the definite integral &t) over the interval

[a, b] . aandb must be real scalars. All variables in the
expressiori(t), except the variable of integratiomust
be defined. The integranf{t), cannot return an array.

Returns the derivative ) evaluated at All variables
in the expressiof(t) must be defined. The varialile
must be a scalar value. The functi@) must return a
scalar.

Returns theith derivative off(t) evaluated at All
variables irf(t) must be defined. The varialileust be

a scalar value. The functidft) must return a scalam.
must be an integer between 0 and 5 for numerical
evaluation or a positive integer for symbolic evaluation.

Scalar addition i, Y, or both are scalars. Element by
element addition iX andY are vectors or matrices of
the same size. X is an array and is a scalar, addg

to each element of.

Performs scalar subtractionXf Y, or both are scalars.
Performs element by element subtractiod #ndY are
vectors or matrices of the same siz& i an array and
Y is a scalar, subtrac¥from each element of.

Same as addition. Line break is purely cosmetic.

For real scalarg andy, returns 1 ifx >y, 0 otherwise.
For string expressioral andS2, returns 1 i81 strictly
follows 2 in ASCII order, 0 otherwise.

For real scalarg andy, returns 1 ifx <y, 0 otherwise.
For string expressioral andS2, returns 1 i81 strictly
precedes in ASCII order, 0 otherwise.

For real scalars andy, returns 1 ifx = y, 0 otherwise.
For string expressior&l and2, returns 1 ifl follows
S in ASCII order, 0 otherwise.

For real scalars andy, returns 1 ifx <y, 0 otherwise.
For string expressior&l and2, returns 1if1 precedes
S in ASCII order, 0 otherwise.

For scalarg andw, returns 1 ifz# w , 0 otherwise.For
string expressionSl and<2, returns 1 ifSl is not
character by character identical3®.

Returns 1 ifX = Y , 0 otherwise. Appears as a bold =
on the screen.

608

Reference



Built-in functions listed alphabetically

This section lists Mathcad's built-in functions alphabetically, with a short description
of each one. Functions labeleeb are available only in Mathcad Professional. For
more information, see Chapter 13, “Built-in Functions.” Matrix and vector functions
are covered in detail in Chapter 10, “Vectors and Matrices.” And for more information
on Mathcad's differential equation solvers, see Chapter 16, “Solving Differential
Equations.”

In this table,
m X andy represent real numbers.

m zrepresents either a real or a complex number.

m m,n,i,jandk represent integers.

m  Sand any names beginning wlBitepresent string expressions.
= v, uand any names beginning withrepresent vectors.

m A andB represent matrices or vectors.

m M andN represent square matrices.

m F represents a vector-valued function.

m file is a string variable that corresponds to a filename or path.

Any function that expects an angle as an argument expects that angle in radians.
Similarly, any function that returns an angle as a result, returns the angle in radians.
Complex or multivalued functions always return the principal value.

Function names are case sensitive. You must type them as shown here. Names of built
in functions are not, however, font sensitive.

Function Returns . . .

acosp) Inverse cosine. Result in radians. Principal value for conmmplex

acoshyg) Inverse hyperbolic cosine. Result in radians. Principal value for
complexz.

anglek, y) Angle fromx-axis to §, y). xandy real. Result in radians.

APPENI(file) Single value to append to data fiile.

APPENDPRNfile) Matrix to append to structured data fiile.

arg@ Angle in complex plane to number

asing@) Inverse sine. Result in radians. Principal value for complex

asinhg) Inverse hyperbolic sine. Result in radians. Principal value for
complexz.

atang) Inverse tangent. Result in radians. Principal value for conmplex
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Pro

Pro

Pro

Pro

Pro
Pro
Pro
Pro

Pro

atanhgp)
augmentd, B)

bulstoery, x1, x2 acq
D, kmx sv)

Inverse hyperbolic tangent. Principal value for complex

A matrix formed by putting the two argument matrices side by
side.A andB must have the same number of rows. Either or both
arguments may be vectors.

Smooth Bulirsch-Stoer differential equation solver, wiydsgthe
vector ofn initial valuesn is the order of the DE or size of the
system of DEsx1 andx2 are endpoints of the solution interval,
acccontrols accuracyD(x, y) prescribes the derivativdanxis

the maximum number of intermediate points, ani the mini-
mum distance betwearvalues (which needn’t be equally spaced).
Provides good DE solution estimatexat

Bulstoerg, x1, x2, npts D) Smooth Bulirsch-Stoer differential equation solver, wlyassgthe

bvalfit(vl, v2, x1, x2, xf,
D, Id1, 1d2, so

ceil(x)
cfft(A)

CFFT(A)

choleskyM)

cnorme)
colsA)
concatf1, S2
cond1l()
cond2()
condeM)
condiM)

vector ofn initial values n is the order of the DE or size of the
system of DEsx1 andx2 are endpoints of the solution interval,
nptscontrols the number of rows in the matrix output, B(x y)
prescribes the derivatives. Provides DE solution at equally spaced
x values by repeated calls to bulstoer.

Converts a boundary value differential equation to initial/terminal
value problemsv1 is the guess vector for missing initial values at
x1, v2is the guess vector for missing terminal value®atl and

x2 are endpoints of the solution interval, theectorD(x, y)
prescribes the derivativesjs the order of the DE, thevector
Id1(x1, v1) contains both known initial conditions and guess
values fromvl, then-vectorld2(x2, v2) is similar, then-vector
s(xf, y) measures solution discrepancyxfwherexl < xf < x2
Useful when derivatives have a single discontinuityfat

Least integek x. X must be real.

Fast Fourier transform of complex data. Returns an array of same
size as its argument.

Identical to cfft@), except uses a different normalizing factor and
sign convention. Returns an array of same size as its argument.

Alower triangular matrix. suchthat. (LT = M . This function
assumed/ is symmetric and uses only the upper triangular part
of M.

Cumulative normal distribution. Same as pnogn 1)

Number of columns in arra&. Returns a scalar.

The string formed by appending stri6gto the end of strinG1
Condition number of the matriM based onthé,; norm.
Condition number of the matriM based onthé&, norm.
Condition number of the matrid based on the Euclidean norm.

Condition number of the matrid based on the infinity norm.
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Pro

corrA, B)

cos@)
coshg)
cot@2
coth@
csc@)
csch)
csort@, n)

csplinegx, vy)

csplineMxy, Mz)

cvar(A, B)

dbetag, sy, S,)
dbinom,n,p
dcauchyx,l,9
dchisqk, d)
dexpg, r)
dF(x, d1, d2
dgammax, 9
dgeomk, p)

diagv)
dinorm(, 1, o)

diogis(, I, s)
dnbinomk, n, p)

dnormé, 4, o)
dpoisk, A)

dt(x, d)
dunif(x, a, b)

dweibull(x, s)

Correlation (Pearsontg of two arraysA andB having the same
number of rows and columns. Returns a scalar.

Cosine. Argument in radians.

Hyperbolic cosine.

Cotangent. Argument in radians.

Hyperbolic cotangent.

Cosecant. Argument in radians.

Hyperbolic cosecant.

Sort rows so as to put columrin ascending order.

Coefficients of cubic spline with cubic endx andvy are real
vectors of same size. Elements/gfmust be in ascending order.

Vector of second derivatives for data arrdyey andMz. This
vector becomes the first argument of tfierp function. The

resultant surface is cubic at the edges of the region spanned by
Mxy .

Covariance of elements & andB. A andB must have the same
number of rows and columns.

Probability density for a beta distribution.

Binomial distribution of a random variable.
Probability density for the Cauchy distribution.
Probability density for the chi-squared distribution.
Probability density for the exponential distribution.
Probability density for the F distribution.
Probability density for the gamma distribution.

P(X = k) when the random variab}has the geometric distri-
bution.

Diagonal matrix containing on its diagonal the elements of
Probability density for the lognormal distribution.
Probability density for the logistic distribution.

P(X = k) when the random variab¥has the negative binomial
distribution.

Probability density for the normal distribution.

P(X = k) when the random variab¥has the Poisson distribu-
tion.

Probability density for Studentslistribution.
Probability density for the uniform distribution.
Probability density for the Weibull distribution.
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Pro

Pro

Pro

Pro

Pro

eigenvalsi/)
eigenvecyl, 2)

eigenvecd(l)

erf(2)
error(S)

expe)

find(varl, var2, . .).

fft(v)

FFT(v)

floor(x)

genfit(vx, vy, vg, F)

geninv@)

genvalsi/l, N)

genvecdyl, N)

hist(ntervals, data)

10(x)

A vector of eigenvalues for the mathk.

A vector containing the normalized eigenvector corresponding to
the eigenvalue of the square matrik .

A matrix containing the normalized eigenvectors corresponding
to the eigenvalues of the mathk. Thenth column of the matrix

is the eigenvector corresponding totitteeigenvalue returned by
eigenvals

Error function.
The error message strilsy
Exponential:e?

Values ofvarl, var2, . . that solve the system of equations.
Returns a scalar if only one argument; otherwise, returns a vector
of answers.

Fast Fourier transform of real datamust be a real vector with
2" elements, where is an integer. Returns a vector of size
2n-14+1,

Identical to fft{/), except uses a different normalizing factor and
sign conventionv must be a real vector wi2"  elements, where
nis an integer. Returns a vector of s 1+ 1

Greatest integes x. x must be real.

A vector containing the parameters that make a fun€tdrand

n parameters,, u,, ..., U, best approximate the datexiandvy.

F is a function that returns an+ 1 element vector contaifiing
and its partial derivatives with respect toritgarametersix and

vy must be the same sizgyis ann element vector of guess values
for then parameters.

Matrix L, the leftinverse of matri&, suchthat. [A = | ,where
| is the identity matrix having the same sizeAadatrix A is an
m x n real-valued matrix, wheren=> n

Vectorv of computed eigenvalues each of which satisfies the
generalized eigenvalue probleM [k = v; [N [k . Matribks
andN contain real values. Vectgrcontains the corresponding
eigenvectors.

A matrix containing the normalized eigenvectors corresponding
to the eigenvalues W, the vector returned tyenvals Thenth
column of this matrix is the eigenvectosatisfying the general-
ized eigenvalue problenM [k = v, [Nk .MatricklsandN
contain real values.

Histogram.intervals is a vector of interval limits, in ascending
order.data is an array of data. Returns a vector of size one less
than the size ahtervals, showing how many points data fall

in each interval.

Bessel functionl (x) . Argument must be real.
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11(x) Bessel functiorl 4(x) . Argument must be real.

In(m, ¥ Bessel functiorl ,(x) x must be real0 < m< 100

icfft(A) Inverse Fourier transform correspondingtit. Returns an array
of the same size as its argument.

ICFFT(A) Inverse transform correspondingdBFT. Returns an array of the
same size as its argument.

identity(n) Identity matrix of sizen. n must be a positive integer.

if(cond, x, ¥ Conditional: returnsg ory depending on value e¢bnd If condis
true (non-zero), returns If condis false (zero), returns

ifft(v) Inverse Fourier transform correspondindftoTakes a vector of
sizel+ 2"-1 wherais an integer. Returns a real vector of size
2n.

IFFT(V) Inverse transform correspondingRBT. Takes a vector of size

1+ 2"-1 wherenis an integer. Returns a real vector of 2%e

Im(2 Imaginary part of complex humberAlso works on vectors and
matrix arguments.

interceptyx, vy) Intercept of regression line. Takes two vector argumengnd
vy of same size. The elementsvafmust be in ascending order.
Returns a scalar: theintercept of the regression line.

interp(vs, vx, vy, X Interpolated value from spline coefficients. Takes three vector
argumentws, vx, andvy of same size and a scalaat which to
interpolate; returns a scalar. The elementaxaghould be in
ascending ordewrs should be a vector computed witbpling
Ispling, or pspline

interplvs, Mxy, Mz, v) Spline interpolated value bfz at thexandy coordinates specified

nv.
Pro iwave() Inverse wavelet transform correspondingviave Takes a2"
element vector of real data, wherés an integer.
JOK) Bessel functiony(x) . Argument must be real.
J1) Bessel functionJy(x) . Argument must be real.
Jn(m, ¥ Bessel function],(x) X must be real0<m< 100
KO(x) Bessel functiorK 4(x) . Argument must be positive.
K1(x) Bessel functiorK 4(x) . Argument must be positive.
Kn(m, ¥ Bessel functiorK (x) x must be positivep < m< 100
Pro ksmoothyx,vy, b) An n-element vector created by using a Gaussian kernel to return

weighted averages of. vy andvx aren-element vectors of real
numbers. The bandwidtihcontrols the smoothing window and
should be setto afew times the spacing betweenxdata points.

lastfv) Index of last element in vector Returns a scalar.

length{) Number of elements in vector Returns a scalar.
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Pro

Pro

Pro

Pro

linfit( vx, vy, F)

linterp(vx, vy, X)

In@)

loessyx, vy, span

loessMxy, vz, sparn)

log(2)
Isolve(M, v)

Isplinefvx, vy)

IsplineMxy, Mz)

lu(M)

matrix(m, n, f)

max(A)

meanf\)
medianf)

medsmoothfy,n)

A vector containing the coefficients used to create a linear combi-
nation of the functions ik which best approximates the data in
vx andvy. F is a function that returns a vector.

Linearly interpolated value. Takes two vector argumentand
vy of same size and a scakeat which to interpolate; returns a
scalar. The elements vk should be in ascending order.

Natural logarithm of (to bases). Returns principal value (imag-
inary part betweem and-) for complexz.

Vector required by thimterp function to find the set of second
order polynomials that best fit particular neighborhoods of data
points specified in arrays< andvy. vx is anm element vector
containingx coordinatesvy is anmelement vector containing the
y coordinates corresponding to timgoints specified ivx. The
argumenspan(span> 0) specifies how large a neighborhood
loesswill consider in performing this local regression.

Vector required by thimterp function to find the set of second
order polynomials that best fit particular neighborhoods of data
points specified in arraydxy andvz. Mxy is anmx 2 matrix
containingx-y coordinatesvz is anm element vector containing
thez coordinates corresponding to timgoints specified iMxy .
The argumenspan(span> 0) specifies how large a neighbor-
hoodloesswill consider in performing this local regression.

Common logarithm of (to base 10).
Solution vectox such thatM X = v

Coefficients of cubic spline with linear ends andvy are real
vectors of same size. Elements/gfmust be in ascending order.

Vector of second derivatives for data arrdfey andMz. This

vector becomes the first argument of iherp function. The
resultant surface is linear at the boundaries of the region spanned
by Mxy.

One matrix containing the three square matrigds, andU, all
having the same size Bsand joined together side by side, in that
order. These three matrices satisfy the equaRdiM = L [U

L andU are lower and upper triangular respectively.

Creates a matrix in which thigh element containfi,j) where
=01.. m=-Jand =0,1,...,n=1.

Largest element iA. Returns a scalar. K is complex, returns
max(Ref@)) + imax(Im@)).

Mean of elements of an arrdy Returns a scalar.

Median of elements in arrdy. Returns a scalar.

An mrelement vector created by smoothingwith running me-
dians.vy is anm-element vector of real numbers. The smoothing
window has size.
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Pro

Pro
Pro
Pro
Pro

Pro

min(A)

minerrfvarl, var2, . .).

mod(, modulu}

multigrid(M, ncyclg

norm1iM)
norm2M)
normeM)
normi(M)

numa2strg)

pbetag, s;,'S,)

pbinomg, n, p)
pcauchyx, |, s)
pchisqk, d)

pexp, )

pF(x, dy, dy)
pgammax, )
pgeomk, p)
plnorm(x, i, )
plogis, I, s)
pnbinomg, n, p)

pnormé(y “1 g )

Smallest element iA. Returns a scalar. K is complex, returns
min(Re@)) +imin(Im(A)).

Values ofvarl, var2, . . coming closest to solving the system of
equations. Returns a scalar if only one argument; otherwise, re-
turns a vector of answers.

Remainder on dividing by modulus Arguments must be real.
Result has same signas

Solves the Poisson partial differential equation over a planar
square region. Thex n  matiht gives source function values,
wheren—1 is a power of 2 and zero boundary conditions on all
four edges are assumed. Cycle control varinbjeleis usually 1

or 2. Different algorithm and faster than relax, which is more
general.

The L; norm of the matrii.

The L, norm of the matrii.

The Euclidean norm of the matii.
The infinity norm of the matris .

The string whose characters correspond to the decimal value of the
numberz.

Cumulative beta distribution with shape paramesgrands, .
$,8,>0

Cumulative binomial distribution fdt successes inftrials.
Cumulative Cauchy distribution with scale parametensds.

Cumulative chi-squared distribution in whidi> 0 isthe degrees
of freedom andk >0

Cumulative exponential distribution in which>0  is the rate and
x>0.

Cumulative F distribution in whicll;,d, >0 are the degrees of
freedom.x>0 .

Cumulative gamma distribution in whid> 0 s the shape pa-
rameterx>0 .

Cumulative geometric distributiop.is the probability of success.
k=0 andO<p=<1.

Cumulative lognormal distribution in whigh s the logmesan,
is the logdeviation, and > 0

Cumulative logistic distribution.is the location parametes> 0
is the scale parameter.

Cumulative negative binomial distribution in which> 0 and
O<ps<l.

Cumulative normal distribution with mean  and standard devi-
ationo .
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Pro

polyrootsg)
ppoisk, A)
predict{’, m, n)
psplinegx, vy)

psplineMxy, Mz)

pt(x, d)
punif(x, a, b)

pweibull(x, )

gbetap, s;, S,)

gbinom@, n, q)

gcauchyp, I, s)
qchisqp, d)
aexpf, r)

aF(p. dy, dy)
ggammay, s)
ageomp, q)
glnorm@, Y, o)
glogis@, I, s)

gnbinomg, n, Q)

Roots of theth degree polynomial whose coefficients arg,ia
vector of lengtm+1 .

Cumulative Poisson distributioh > 0

A vector ofn predicted values based onconsecutive elements
in v, a vector whose values represent samples taken at equal
intervals.

Coefficients of cubic spline with parabolic endsandvy are real
vectors of same size. Elements/gfmust be in ascending order.

Vector of second derivatives for data arrdfey andMz. This
vector becomes the first argument of iherp function. The
resultant surface is parabolic at the boundaries of the region
spanned byxy.

Cumulative Studentisdistribution.d is the degrees of freedom.
x>0 andd>0 .

Cumulative uniform distributiorb anda are the endpoints of the
interval.a<b .

Cumulative Weibull distributions >0

Inverse beta distribution with shape parameggrands, .
O<p<1 ands;,s,>0 .

Number of successesiirtrials of the Bernoulli process such that
the probability of that number of successgs sis the probability
of success on a single tridd.<q<1l afkp<l1l

Inverse Cauchy distribution with scale parameltensds. s> 0
andO<p<1.

Inverse chi-squared distribution in whid 0
freedom.0<p<1 .

is the degrees of

Inverse exponential distribution in whick> 0 s the rate.

O<p<l.

Inverse F distribution in whict,,d, >0 are the degrees of
freedom.0<p<1 .

Inverse gamma distribution in whig® 0
O<p<l1.

is the shape parameter.

Inverse geometric distributiog.is the probability of success on a
single trial.0<p<1 andd<qg<l1

Inverse log normal distribution in whigh  is the log of the mean,
0 >0 is the log of the standard deviatidh< p< 1

Inverse logistic distribution.is the location parametes>0 s
the scale parameted.<p<1

Inverse negative binomial distribution with sizand probability
of failureq. 0sgq<1 andO<p<1 .

616

Reference



gnorm@, Y4, o) Inverse normal distribution with mean  and standard deviation
0.0<p<1 andoc>0 .
gpoisf, A) Inverse Poisson distributioh>0 afikp<1
Pro ar(A) A matrix whose firsh columns contain the square, orthonormal
matrix Q, and whose remaining columns contain the upper trian-
gular matrix,R. MatricesQ andR satisfy the equation
A = Q [R , whereA is a real-valued array.
qt(p, d) Inverse Studenttdistribution.dis the degrees of freedomh> 0
andO<p<1.
qunif(p, a, b) Inverse uniform distributiorb anda are the endpoints of the
interval.a<b and0s<ps<1
gweibull(p, ) Inverse Weibull distributions>0 an@<p<1
rank(®) The rank of real-valued matrix.
rbeta(m, s;, s,) Vector ofm random numbers having the beta distribution.
S, S, >0 are the shape parameters.
rbinom(m, n, p) Vector ofmrandom numbers having the binomial distribution.
O0<p<1.nis aninteger satisfying >0
rcauchy(m, |, s) Vector ofmrandom numbers having the Cauchy distributiand
s>0 are scale parameters.
rchisgm, d) Vector ofmrandom numbers having the chi-squared distribution.
d >0 is the degrees of freedom.
Re@@ Real part of complex number
READ(file) Single value read from data filibe.
Pro READ_BLUE(file) Matrix corresponding to the blue color component in image file
file.
READBMP(file) Matrix containing a grayscale representation of the imag®sim
image filefile.
Pro READ_GREEN(file) Matrix corresponding to the green color component in image file
file.
Pro READ_HLY(file) Matrix in which the color information in image fifde is repre-
sented by the appropriate values of hue, saturation, and value.
Pro READ_HLS_HUK(file) Matrix corresponding to the hue color componentin imagéléle
Pro READ_HLS_LIGHT(file)  Matrix corresponding to the lightness color component in image
file file.
Pro READ_HLS_SAT(file) Matrix corresponding to the saturation color component in image
file file.
Pro READ_HS\file) Matrix in which the color information in image fifde is repre-
sented by the appropriate values of hue, lightness, and saturation.
Pro READ_HSV_HUK(file) Matrix corresponding to the hue color componentin imagéléle
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Pro

Pro

Pro

Pro

Pro

READ_HSV_SAT(file)
READ_HSV_VALUE(file)
READ_IMAGE(file)

READPRN(file)
READ_RE[(file)
READRGH(file)

regress{x, vy, n

regress{ixy ,vz, n)

relax@, B, C, D, E,
F, U, rjac)

reversey)

rexp(m, r)
rE(m, dy, dy)
rgammain, s)

rgeom(, p)

Matrix corresponding to the saturation color component in image
file file.

Matrix corresponding to the value color component in image file
file.

Matrix containing a grayscale representation of the imag#éléle
file may be ilBBMP, GIF, JPG,or TGA format.

Matrix read from structured data filite.
Matrix corresponding to the red color componentin imagéiléle

Array in which the color information in image fifiée is represent-

ed by the appropriate values of red, green, and blue. This array is
formed by combining the three arrays giving the red, green, and
blue components of the image into a single array with three times
as many columns as the image.

Vector required by thiaterp function to find thenth order poly-
nomial that best fits data arrays andvy. vx is anm element
vector containing coordinatesvy is anm element vector con-
taining they coordinates corresponding to tmoints specified
in vx.

Vector required by thaterp function to find thenth order poly-
nomial that best fits data arrayly andvz. Mxy is anmx 2
matrix containing«-y coordinatesvz is anm element vector
containing thez coordinates corresponding to tmgoints speci-
fied in Mxy.

Solves the Poisson partial differential equation over a planar
square regionn x n matricés B, C, D, andE specify coeffi-
cients for linearly approximating the Laplacian operator at each of
n2 gridpoints,n x n matri¥ gives source function valugsx n
matrix U prescribes boundary values along all four edges and
guesses for interior values, and @ac <1 is the Jacobi spectral
radius. More general than multigrid, which is faster.

Reverse order of elementsvn

Vector ofmrandom numbers having the exponential distribution.
r >0 is the rate.

Vector ofmrandom numbers having the F distributidp.d, > 0
are the degrees of freedom.

Vector ofmrandom numbers having the gamma distribution.
s> 0 is the shape parameter.

Vector ofmrandom numbers having the geometric distribution.
O<p<1.
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Pro

Pro

rkadapty, x1, x2 acc,

D, kmx sv)

Rkadapty, x1, x2, npts D)

rkfixed(y, x1, x2, npts D)

rlnorm(m, Y, o)

rlogis(m, I, s)

rnbinom(, n, p)

rnd(x)

rnorm(, y, o)

root(expr, vaj
rows(A)

rpois(m, A)

rref(A)
rsort(A, n)
rt(m, d)

runif(m, a, b)

rweibull(m, )

Slowly varying Runge-Kutta differential equation solver, where
is the vector of initial valuesn is the order of the DE or size of
the system of DEg1andx2are endpoints of the solution interval,
acccontrols accuracyD(x, y) prescribes the derivativdanxis

the maximum number of intermediate points, ani$ the mini-
mum distance betweearvalues (which needn’t be equally spaced).
Provides good DE solution estimatexat

Slowly varying Runge-Kutta differential equation solver, where

is the vector of initial valuesn is the order of the DE or size of
the system of DEg1andx2are endpoints of the solution interval,
nptscontrols the number of rows in the matrix output, B y)
prescribes the derivatives. Provides DE solution at equally-spaced
x values by repeated calls to rkadapt.

Standard Runge-Kutta differential equation solver, wigésehe
vector ofn initial values n is the order of the DE or size of the
system of DEs¢1andx2are the endpoints of the solution interval,
nptscontrols the number of rows in the matrix output, B y)
prescribes the derivatives. Provides DE solution at equally spaced
x values.

Vector ofmrandom numbers having the lognormal distribution in
which p is the logmean ar@l>0 s the logdeviation.

Vector ofm random numbers having the logistic distribution in
whichl is the location parameter as¢ 0 is the scale parameter.

Vector ofmrandom numbers having the negative binomial distri-
bution.0<p<1 .nis an integer satisfying > 0

Random number between 0 agdreal. Identical tounif(1, 0, x)
if x>0.

Vector ofmrandom numbers having the normal distribution with
meanp and standard deviatior» O

Value ofvar whereexpris zero.
Number of rows in arrajA. Returns a scalar.

Vector ofm random numbers having the Poisson distribution.
A>0.

A matrix representing the row-reduced echelon form of
Sort columns so as to put rown ascending order.

Vector ofmrandom numbers having Studemtistribution.
d>0.

Vector ofmrandom numbers having the uniform distribution in
which b anda are the endpoints of the interval aag b

Vector ofmrandom numbers having the Weibull distribution in
which s>0 is the shape parameter.
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Pro

Pro

Pro

Pro

Pro

sbval, x1, x2, D, Id, s¢

secp)
sechgp)
search§l, SubSm)

sin(2
sinh@)
slopegx, vy)

sort{)
stack@, B)

stdev@)

Stdev@)

stiffb(y, x1, x2 acg,
D, J, kmx sy)

Stiffb(y, x1, x2, npts D, J)

stiffr(y, x1, x2 acc,
D, J, kmx s\)

Converts a boundary value differential equation to an initial value
problemy is the guess vector for missing initial valuesandx2

are endpoints of the solution interval, tieectorD(x, y) pre-
scribes the derivatives,is the order of the DE, threvectorld (x1,

v) contains both known initial conditions and guess values from
v, and then-vectorsdx2, y) measures solution discrepancyat
Good when derivatives are continuous throughout.

Secant. Argument in radians.
Hyperbolic secant.

The starting position of the substriBgbSn S1beginning from
positionm. Returns -1 if the substring is not found > 0.

Sine. Argument in radians.
Hyperbolic sine.

Slope of regression line. Takes two vector argumengndvy of
the same size. The elements/gfmust be in ascending order.

Sort elements in vector.

Array formed by placing aboveB. The array# andB must have
the same number of columns.

Standard deviation of elementsAfUsesn in the denominator.
Returns a scalar.

Sample standard deviation of elementé&ofJsesn—1 in the
denominator. Returns a scalar.

Stiff Bulirsch-Stoer differential equation solver, wheris the
vector of n initial values; is the order of the DE or size of the
system of DEsx1 andx2 are endpoints of the solution interval,
acccontrols accuracy)(x, y) prescribes the derivativelx, y) is
the Jacobian matrix prescribing the second derivatikrasis the
maximum number of intermediate points, @vis the minimum
distance betweexvalues (which needn’t be equally spaced).
Provides good DE solution estimatexat

Stiff Bulirsch-Stoer differential equation solver, wheris the

vector ofn initial values,n is the order of the DE or size of the
system of DEsx1 andx2 are endpoints of the solution interval,
nptscontrols the number of rows in the matrix out@(, y)
prescribes the derivatives, ad(X, y) is the Jacobian matrix
prescribing the second derivatives. Provides DE solution at equal-
ly-spacedx values by repeated calls to stiffb.

Stiff Rosenbrock differential equation solver, wheiethe vector

of n initial valuesn is the order of the DE or size of the system of
DEs,x1andx2 are endpoints of the solution intervatc controls
accuracyP(x, y) prescribes the derivativeXx, y) is the Jacobian
matrix prescribes the second derivative@axis the maximum
number of intermediate points, asdis the minimum distance
betweerx values (which needn'’t be equally spaced). Provides
good DE solution estimate »2
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Pro

Pro

Pro

Pro

Pro

Pro

Pro

Pro

Pro

Pro

Stiffr(y, x1, x2, npts D, J) Stiff Rosenbrock differential equation solver, wheigthe vector

str2num§@)

str2vecf)

strlen®)

submatrix@, ir, jr, ic, jc)

substr§ m, n)

supsmooth{x, vy)

svd@)

svds@)

tan(2)
tanh@)
tr(M)
until(x, y)
var(A)

Var(A)

vec2stry)

wavef)

of ninitial valuesn is the order of the DE or size of the system of
DEs,x1andx2are endpoints of the solution intervghtscontrols
the number of rows in the matrix outpDX(x, y) prescribes the
derivatives, and(x, y) is the Jacobian matrix prescribing the
second derivatives. Provides DE solution at equally spaced
values by repeated calls to stiffr.

A numerical constant formed by converting the charactSmiio
anumber. Characters@must constitute a real, complex, floating
point, or e-format number. Spaces are ignored.

A vector of ASCII codes corresponding to the characters in string
S

The number of characters in striSg

Submatrix ofA consisting of all elements common to raws
throughjr and columnsc throughjc. To maintain order of rows
and/or columns, make sures<jr afk jc , otherwise order
of rows and/or columns will be reversed.

A substring ofSbeginning with the character in th@h position
and having at most charactersm, n> 0.

An n-element vector created by the piecewise use of a symmetric
k-nearest neighbor linear least square fitting procedure in which
is adaptively chosewy andvx aren-element vectors of real
numbers. The elementswf must be in increasing order.

One matrix containing two stacked matritéandV, whereU is
the uppemx n submatrix andis the lowern x n  submatrix.
MatricesU andV satisfy the equatio’A = U [diag(s) VT
wheresis the vector returned by svédg( A is anmx n array of
real values, wheren= n

A vector containing the singular values of the< n real-valued
arrayA, wherem=n .

Tangent. Argument in radians.

Hyperbolic tangent.

Trace of square matrid: sum of diagonal elements.
Returnsy until x is negative.

Variance of elements &. Uses in the denominator. Returns a
scalar.

Sample variance of elementsfafUsesn —1  in the denominator.
Returns a scalar.

The string formed by converting the vectoof ASCII codes to
characters. The elementsvafust be integers between 0 and 255.

Discrete wavelet transform of real data using Daubechies four-
coefficient wavelet filter. Vectov must contair2" real values,
wheren is an integer.
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Pro

Pro

WRITE(file)
WRITEBMP(file)
WRITE_HLS(file)

WRITE_HS\(file)

WRITEPRN(file)

WRITERGH(file)

YO(X)
Y1(%)
Yn(m, ¥
3(x, )

e(i. J, k)

r@
(%)

Single value written to a data fifie.
Grayscale BMP image fille out of a matrix.

ColorBMP image filefile out of an array formed by juxtaposing
the three arrays giving the hue, lightness, and saturation values of
an image.

ColorBMP image filefile out of an array formed by juxtaposing
the three arrays giving the hue, saturation, and value components
of an image.

Structured data file out of a matrix.

ColoredBMP file out of an array formed by juxtaposing the three
arrays giving the red, green, and blue values of an image.

Bessel functionY 4(x) . Argument must be positive.
Bessel functionY 4(X) . Argument must be positive.
Bessel functionY (X) x must be positivep < m< 100

Kronecker delta function. Returns Ixify; otherwise, returns 0.
(To typed, presd[Ctrl ]G

Completely antisymmetric tensor of rank thrieg.andk must be
integers between 0 and 2 (or betw@aIGIN andORIGIN+2).
Resultis 0 if any two are the same, 1 if the three arguments are an
even permutation of (0 1 2), and —1 if the arguments are an odd
permutation of (0 1 2). (To typg prese[Ctrl ]G

Euler's gamma function. (To type pressqCtrl ]G

Heaviside step function. Returns Xi# 0; otherwise, returns 0.
(To type®, press[Ctrl ]G
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Predefined variables

Mathcad's predefined variables are listed here, together with their default starting

values.
Constant=Value Meaning

= 3.14159... Pi. Mathcad uses the valuet&d 15 digits. To typet, press
[Ctrl ]p.

e=2.71828... The base of natural logarithms. Mathcad uses the valte 13
digits.

00 = 10307 Infinity. This symbol represents values larger than the largest real
number representable in Mathcad (abd®t%? ). Do not use this
variable in place of actual infinities in numerical formulas. To type
oo, presqCtrl ]Z.

% =0.01 Percent. Use in expressions lik&% (appears a40[%% )orasa
scaling unit at the end of an equation with an equals sign.

TOL=10"3 Tolerance. The tolerance Mathcad uses in numerical approxima-
tion algorithms (integrals, equation solving, etc.). For more infor-
mation, see the section on the specific operation in question.

ORIGIN =0 Array origin. Specifies the index of the first element in arrays.

PRNCOLWIDTH 8 Column width used in writing files witWwRITEPRNfunction.

PRNPRECISION= 4 Number of significant digits used when writing files with the
WRITEPRNuNction.

FRAME= 0 Used as a counter for creating animation clips.
Pro CWDr= “<system path>"  String corresponding to the working directory of the worksheet.
Pro inn=0,0utn=0 Input and output variables@ , in1 , out0 , outl , etc.)in a

Mathcad component in a MathConnex system. SeblidteCon-
nex Getting Started Guider details.
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I
Suffixes for numbers

The table below shows how Mathcad interprets numbers. (A number is any sequence
of characters beginning with a digit.)

Suffix Examples Meaning
iorj 4i, 1j, 3+ 1.5j Imaginary
Horh OaH, 8BCh Hexadecimal
Ooro 570, 1000 Octal
Lorl 1L, —2.54] Standard length unit
Morm 1M, 2.2m Standard mass unit
Tort 1T, 3600t Standard time unit
Qorg 1Q, -100q Standard charge unit
K or k 1K, =273k Standard absolute temperature unit
Uoru 1U, 125u Standard luminosity unit in SI unit system
Sors 1S, 6.97s Standard substance unit in SI unit system
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Arrow and movement keys

Keys Actions

[1] Move crosshair up.
In math: move editing lines up.
In text: move insertion point up to previous line.

[+] Move crosshair down.
In math: move editing lines down.
In text: move insertion point down to next line.

[-] Move crosshair left.
In math: select left operand.
In text: move insertion point one character to the left.

[-] Move crosshair right.
In math: select right operand.
In text: move insertion point one character to the right.

[Shift ][] In math: move crosshair outside and above equation.
In text: highlight from insertion point up to previous line.

[Shift ][] In math: move crosshair outside and below equation.
In text: highlight from insertion point down to next line.

[Shift ][] In math: move crosshair outside and to the left of equation.
In text: highlight towards the left of the insertion point, character
by character.

[Shift ][-] In math: move crosshair outside and to the right of equation.
In text: highlight towards the right of the insertion point, character
by character.

[Ctrl ][] In text: move insertion point to the beginning of a line.

[Ctrl ][+] In text: move insertion point to the beginning of next line.

[Ctrl 1[<] In text: move insertion point left to the beginning of a word.
[Ctrl ][-] In text: move insertion point to the beginning of next word.

[Ctrl 1[Shift 1[t] In text: highlight from insertion point up to the beginning of a line.
[Ctrl ][Shift ][] In text: highlight from insertion point to end of the current line.
[Ctrl ][Shift ][] Highlight left from insertion point to the beginning of a word.
[Ctrl ][Shift ][-] Highlight from insertion point to beginning of the next word.
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Keys
[Space]
[Tab]

[Shift ][Tab]
[PgUp]
(PgDn|
[Ctrl ][PgUp]
[Ctrl 1[PgDn]
[Shift ][PgUp]
[Shift ][PgDnl
[Homd

[End]

[Ctrl ][Homq

[Ctrl J[End]

[

Actions
In math: cycles through different states of the editing lines.

In text: inserts a five-character space.
In array or plot: move to next placeholder.

In array or plot: move to previous placeholder.
Move up 5 lines.

Move down 5 lines.

Move 80% up the window.

Move 80% down the window.

Move up to previous pagebreak.

Move down to next pagebreak.

In equation, move to beginning previous region. In text, move to
beginning of current line.

In equation, move to next region. In text, move to end of current
line.

Scroll to beginning of worksheet. In text, move insertion point to
beginning of text region or paragraph.

Scroll to end of worksheet. In text, move insertion point to end of
text region or paragraph.

In text: start new line.
In equation or plot: move crosshair below region, even with left
edge of region.
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ASCII codes

Decimal ASCII codes from 32 to 255. Characters corresponding to ceglesi®
nonprinting, as are characters in the table indicatedhpg™

Code Character Code Character Code Character Code Character Code Character

32 [space] 80 P 130 , 182 1 230 &
33 ! 81 Q 131 f 183 - 231 ¢
34 " 82 R 132, 184 232 &
35  # 83 S 133 ... 185 ¢ 233 6
36 $ 84 T 134 t 186 © 234 &
37 % 85 u 135 f 187 » 235 &
38 & 86 V 136 188 Vs 236 i
39 : 87 W 137 %o 189 ¥ 237 i
40 ( 88 X 138 S 190 % 238 1
41 ) 89 Y 139 < 191 239 i
42 * 90 z 140 & 192 A 240 d
43 + 91 [ 141-4npc 193 A 241 A
44 , 92 \ 145 ¢ 194 A 242 o
45 - 93 ] 146 195 A 243 6
46 ) 94 A 147 ¢ 196 A 244 6
47 95 148 " 197 A 245 B
48 0 96 > 149 198 £ 246 6
49 1 97 a 150 - 199 C 247 =
50 2 98 b 151 — 200 E 248 g
51 3 99 c 152 - 201 E 249 1
52 4 100 d 153 ™ 202 E 250
53 5 101 e 154 3§ 203 E 251 (@
54 6 102 f 155 > 204 i 252 0
55 7 103 g 156 o= 205 i 253 vy
56 8 104 h 157-8pc 206 1 254 b
57 9 105 i 159 Y 207 1 255
58 : 106 | 160 npc 208 b

59 : 107 k 161 209 N

60 < 108 | 162 ¢ 210 O

61 = 109 m 163 £ 211 O

62 > 110 n 164 © 212 O

63 ? 111 o 165 ¥ 213 O

64 @ 112 p 166 | 214 O

65 A 113 ¢ 167 § 215 x

66 B 114 168 216 @

67 C 115 s 169 © 217 U

68 D 116 t 170 =@ 218 U

69 E 117 u 171 « 219 O

70 F 118 v 172 = 220 U

71 G 119 w 173 - 221 Y

72 H 120  x 174 ® 222 b

73 I 121 vy 175 ~ 223 R

74 J 122 z 176 ° 224 A

75 K 123 { 177  + 225 &

76 L 124 | 178 2 226 a

77 M 125 } 179 3 227 &

78 N 126 -~ 180 - 228 &

79 o] 127-9npc 181 229 a
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