Chapter 2
Operators

This chapter lists and describes Mathcad'’s built-in operators. The operators are listed
according to the toolbar (Arithmetic, Matrix, Calculus, Evaluation and Boolean, or
Programming) on which they appear.

Operators labelefrofessional are available only in Mathcad Professional.

Accessing Operators
You can access operators in two ways:
« Simply type in the keystroke shown for that operator, or
« Select the operator from a toolbar.

1. First, selecView O Toolbars O Math.
The Math toolbar appears showing the various operator toolbar buttons.

e o
Arithmetic —— i F_|E¢— Evaluation and Boolean
— ..+. Eiij¢-—— Matrix and Vector
Calculus ——» I_ﬂ' 7"l ¢—— Programming
Greek Letters —p umfi

2. Click a button for a specific toolbar. The corresponding toolbar appears.

You can alternatively go directly to an operator toolbar from the View menu
by selectingview [0 Toolbars, and then selecting one of the operator toolbars
listed; for exampléMatrix :

Aithmetic
Ewaluation
Graph

| Mabis
Calculuz
Programming
[areek
Symbalic

b odifier
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The Matrix operator toolbar appears, showing the various matrix operator
buttons:

ixi zu [

3. Click the button of the operator that you want to use.

Finding More Information

Refer to the Resource Center QuickSheets for examples involving operators. Select
Resource Centeffrom theHelp menu. Then click on the QuickSheets icon and select
a specific topic.

About the References

References are provided in Appendix B for you to learn more about the numerical
algorithm underlying a given Mathcad function or operator. References are notintended
to give a description of the actual underlying source code. Some references (such as
Numerical Recipggio contain actual C code for the algorithms discussed therein, but
the use of the reference does not necessarily imply that the code is what is implemented
in Mathcad. The references are cited for their textbook nature only.
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Arithmetic Operators
To access an arithmetic operator:
« type its keystroke, or

« choose the operator from the Arithmetic toolbar (if it has a button):

hl iomen o =]

4]
Ih e® ! " T

by T () x* T

tan ¥ 8 9 =
cos 4 5 B O
sn 1 2 3 +

= 0o — =

Refer to “Accessing Operators” on page 135 for more information on how to access a
toolbar.

Parentheses ( X))

Keystroke ' Toolbar Button <
Description Groups parts of an expression.
Addition X+Y
+
Keystroke + Toolbar Button
Description If X andY are real or complex numbers, adtdandy.

If XandY are real or complex vectors or matrices of the same size, adds elem¢ius of
corresponding elements ¥f
If Xis a real or complex array ai¥ds a real or complex number, add each element of.

Addition with line break X...

+Y
Keystroke [Ctrl]l O
Description Adds in the same manner Addition, but inserts a line break for cosmetic formatting reasons.
Comments This formatting feature cannot be used for multiplication or division. It can be used with

subtraction ifX - Yis written instead aX + (- V).
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Subtraction and Negation

X=Y, X

Keystroke - Toolbar Button

Subtraction

Description If XandY are real or complex humbers, subtracfsom X.
If XandY are real or complex vectors or matrices of the same size, subtracts elenvdragof
corresponding elements Xf
If Xis an real or complex array aMds a real or complex number, subtra¢fsom each element
of X.

Negation

Description If Xis a real or complex number, reverses the sigh of
If Xis an real or complex array, reverses the sign of each elem¥nt of

Multiplication X 0¥

Keystroke * Toolbar Button | **

Description If XandY are real or complex numbers, multipliégy X.
If Yis a real or complex array aids a real or complex number, multiplies each element
of Y by X.
If XandY are real or complex vectors of the same size, returns the dot product (inner product).
If XandY are real or complex conformable matrices, performs matrix multiplication.

Division X

z
Keystroke / Toolbar Button |
Description If X andz are real or complex numbers anid nonzero, divideX by z.

If Xis an real or complex array anib a nonzero real or complex number, divides each element
of X by z

Range variable

Keystroke ; Toolbar Button |
Description Specifies that a variable assume a range of values (for the sake of repeated or iterative
calculations).
Factorial n!
il
Keystroke ! Toolbar Button
Description ReturnsnQn-1) Qn-2)...2[0 ifnis anintegerandn=1 ; lif=0.
138 Chapter 2 Operators



Vector and matrix subscript v, M.

n" i,j
x
Keystroke [ Toolbar Button [__"
Description If v is a vectory,, returns thenth element of/.

If M is a matrixM; ; returns the element in rovand columrj of M.

Complex conjugate X

Keystroke

Description If Xis a complex number, reverses the sign of the imaginary pArt of

Absolute value |x

®
Keystroke | Toolbar Button I
Description If zis a real or complex numbez] teturns the absolute value (or modulus or magnitude)
JRe(2)2+1m(2)2 of z
If v is real or complex vectow/||returns the magnitude (or Euclidean norm or lengthli of

v. If all elements irv are real, this definition is equivalentl;b_/ O

If M is a real or complex square matr¥,| [returns the determinant if.

Square root Jz
Keystroke \ Toolbar Button a
Description Returns the positive square root for posittyprincipal value for negative or complex
nth root n/z
Keystroke [CtrI]\ Toolbar Button "
Description Returns the positivath root for positivez; negativenth root for negative and oddh; principal

value otherwisen must be an integern=1
See also Exponentiation, Square root

Comments This operator gives the same values aEtkgonentiation operator except wher< 0 andn is
an odd integer anch =3  (by special convention).
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Exponentiation W

¥
Keystroke A Toolbar Button |_*
Scalar case
Description Returns the principal value pfaisedo the powew, wherez andw are real or complex numbers.
See also nth root

Comments The principal value is given by the formyl" Cexp(rt 0 Cw) . In the special z&as@ and
w = 1h, wheren is an odd integer and>3 , the principal value has a nonzero imaginary part.
Hence, in this special cagexponentiation does not give the same value asrtieroot operator
(by convention).

Matrix case

Description If M is a real or complex square matrix amc O is an intedye®, returmgitip@wer of
M (using iterated matrix multiplication). Under the same conditibhd] is the inveMé of
(assuming additionally thadl is nonsingular).

Algorithm LU decomposition used for matrix inversion (Pretal, 1992)
Equals c=
Keystroke = Toolbar Button | _
Description Returns numerical value ofif cis: a variable previously defined in the worksheet; a built-in

variable; a globally-defined variable; or a function of several such variables. Appears as an
ordinary = on the screen. Not used for symbolic evaluation.

Definition z:=c, f(xy,z,..):=expr

Keystroke : Toolbar Button

Description Giveszthe numerical valuefrom that point onward throughout the worksheet. Gives a function
f(x,y,z,...Xhe meaning prescribed by the expressiqgor from that point onward throughout the
worksheetexprneed not involve, y, z, ..but it usually does; it may involve other built-in or
user-defined functions.

See also Definition (under Evaluation and Boolean Operators) for example.
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Matrix Operators
To access a matrix operator:
* type its keystroke, or

» choose the operator from the Matrix toolbar:

B %

|}<| 'ﬂ’ﬁ M-::-

H' m.n He

=t

fai ozw o [

Refer to “Accessing Operators” on page 135 for more information on how to access a toolbar.

Insert matrix

Keystroke [Ctrl]M Toolbar Button | E4
Description Creates a vector or matrix of specified dimensions.
Vector and matrix subscript Vi Mi j

*

Keystroke [ Toolbar Button [__"

Description If v is a vectoryy, returns thenth element ofy.

If M isa matrix,Mi’j returns the element in rowand columrj of M.

Dot product u v

Keystroke * Toolbar Button
Description Returns the dot product (scalar or inner product) ofrivdamensional real or complex vectors
u andv.

Cross product  uxv

=)
X
£

Keystroke [CtrI]8 Toolbar Button

Description Returns the cross product (vector product) of two 3-dimensional real or complex veanaoks

Matrix Operators 141



Vector sum 2V

Keystroke

Description

=

[Ctrl]4 Toolbar Button

Returns the sum (a scalar) of all elements of a real or complex veéiw range variable or
vector subscripts are needed.)

Matrix Inverse

Keystroke

Description

-1
A1 Toolbar Button *

Returns the multiplicative inverse of a real or complex nonsingular square Matrix

Magnitude and Determinant  |x|

||

Keystroke | Toolbar Button
Description If zis a real or complex numbez} teturns the absolute value (or modulus or magnitude)
JRe(z)2+1m(2)2 of z
If v is real or complex vector, returns the magnitude (or Euclidean norm or Ief\g_ﬂ}?) v. of
If all elements irv are real, this definition is equivalent v v
If M is a real or complex square matrix, returns the determinant of
Algorithm LU decomposition (Prest al, 1992)
Matrix superscript Mt
g
Keystroke [CtrI]6 Toolbar Button | "
Description Extracts columm (a vector) from matris.

Matrix transpose M T

-
Keystroke [Ctrl]1 Toolbar Button |_M
Description If M is a vector or matrix, returns a matrix whose rows are the colunihsofi whose columns
are the rows oM.
Vectorize >
" W
Keystroke [Ctrl]- Toolbar Button |
Description Forces operations in expressidfto take place element by element. All vectors or matrices in
X must be the same size.
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Comments

Mathcad'svectorize operator allows parallel operations to be performed efficiently on each
element of a vector or matrix. For example, to define a mBthy multiplying corresponding
elements of the matricés andN, you could writeP, . = M. . IZNi . whereandj are range

, i, ;
variables. (This is not matrix multiplication, but ragher multiplication element by element.) It's
faster, however, to defirfe usingvectorize:

Select the whole expression by clicking insi
and pressingSpace ] until the right-hand side| [p . 4 §
is held between the editing lines.

Pres4Ctrl ]-to apply the vectorize operato
Mathcad puts an arrow over the top of the | p .= (M. N)
selected expression.

Extending ordinary scalar multiplication to matrices in this fashion, element by element, is
referred to as “vectorizing” an expression.

Here are some properties of ¥nectorize operator:

The vectorize operator changes the meaning of functions and operators but not constants or
variables.

Operations between an array and a scalar are performed by applying the scalarto each elemer
of the array. For example,\fis a vector and is a scalar, applying the vectorize operator
to v returns a vector whose elements arenthgowers of the elements of

You cannot use any of the following matrix operations under a vectorize operator: dot
product, matrix multiplication, matrix powers, matrix inverse, determinant, or magnitude of
a vector. The vectorize operator will transform these operations into element-by-element
scalar multiplication, exponentiation, or absolute value, as appropriate.

The vectorize operator has no effect on operators and functionsdfuéte vectors or
matrices: transpose, cross product, sum of vector elements, and functionsdikeThese
operators and functions have no scalar meaning.

Picture
Keystroke

Description

[Ctrl]T Toolbar Button [2=]

[ac]

Displays a matrisM as a grayscale image. Each elemeiM aorresponds to a pixel. The value
of an element determines the shade of gray associated with the corresponding pixel. Each elemen
of M is an integer between 0 (black) and 255 (white).
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Calculus Operators
To access a calculus operator:
* type its keystroke, or
» choose the operator from the Calculus toolbar:

N
& L oo
L %1
[ =7

n n
im Jm, Jm

Refer to “Accessing Operators” on page 135 for more information on how to access a toolbar.

Summation n
S X
I =m
Keystroke [Ctrl][Shift]4 Toolbar Button %
Description Performs iterated addition &foveri = m, m+ 1, ..., n .X can be any expression; it need not

involvei but it usually doesnandn must be integers. Im = -0 om = « , the evaluation
must be performed symbolically.

Example
i =0.20 X; =sin{0.1-i-®)
20 20
Z" _ 210 H(n+1) = 5109-10""
n=0 n=0
20 20
> ix,= 0 > xyn = -68.138
n=0 n=0
20 10
Z Zn’“ - 2564-10"
n=0m=0
See also Range sum
Comments To evaluate multiple summations, place another summation in the final placeholder of the first

summation, as illustrated in the example.
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Product n
I_‘| X
I=m
. I
Keystroke [CtrI][Shift]3 Toolbar Button | "=
Description Performs iterated multiplication &foveri = m, m+ 1, ..., n . Xcan be any expression; it need
not involvei but it usually does. Ifm = —o  orn = o , the evaluation must be performed
symbolically. Works similar tSummation.
See also Range product. SeeSummation for an example.
Range sum ZX
2
Keystroke $ Toolbar Button |_"
Description Performs iterated addition of over the range variableX can be any expression; it need not
involvei but it usually does.
Example
1:=0.20 j=1.10 X; =sin{0.1-i-®)
Zi=21o H(i+1):5_109-10"‘
i i
in=0 in-i=—63_138
i i
r g al3
y= 30 D> i = 285410
i i
13
y1 = 210 Zyi=2_554-10
yi0 = 2.416-10" i
See also Summation
Comments When you use th8Bummation operator described earlier, the summation must be carried out

over integers and in steps of one. Mathcad provides a more general version of this operator that
can use any range variable you define as an index of summation.

TheRange sum operator, unlike theSummation operator, cannot stand alone. It requires the
existence of a range variable. However, a single range variable can be used with any number of
these operators.

To evaluate multiple summations, place another summation in the final placeholder of the first
summation and use two range variables, as illustrated in the example.
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Range product X
i

1T
Keystroke # Toolbar Button "

Description Performs iterated multplication &fover the range variableX can be any expression; it need

not involvei but it usually does. Works similar Range sum.

See also Product. SeeRange sum for an example.
Definite integral b
9 .[ f(t)dt
a I"
Keystroke & Toolbar Button L=

Description Returns the definite integral dt) over the interva[a, b] . aandb must be real scalars. All

variables in the expressidft), except the variable of integratigmrmust be defined. The
integrandf(t), cannot return an arraya = — b = « , or both are permitted.

Examples
I=0 2 Ia [ lars
i L
n f=dn L] Fj=idn
| i
1] L
1] Al 18
! Lo
L | 2 A h E]
] £l
] il
- | 1 ®

Example 1
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Comments

Default tolerance 5

TOL = 0.001
dt = 5.0000006413642563

Tighter tolerance 5

TOL = 0.000001 1
T dt = 5.000000000007783

Looser tolerance 95

TOL = 0.1 dt = 5.01153308301165bb

— | —

Example 2

There are some important things to remember about integration in Mathcad:

» The limits of integration must be real, but the expression to be integrated can be either real
or complex.

* Except for the integrating variable, all variables in the integrand must have been defined
elsewhere in the worksheet.

* The integrating variable must be a single variable name.

» Ifthe integrating variable involves units, the upper and lower limits of integration must have
the same units.

Like all numerical methods, Mathcad's integration algorithm can have difficulty with ill-behaved
integrands. If the expression to be integrated has singularities, discontinuities, or large and rapid
fluctuations, Mathcad's solution may be inaccurate.

In some cases, you may be able to find an exact expression for your definite integral or even the
indefinite integral (antiderivative) by using Mathcad’s symbolics.

Although the result of an integration is a single number, you can always use an integral with a
range variable to obtain results for many numbers at once (as illustrated in Example 1). Such
repeated evaluations may take considerable time depending on the complexity of the integrals,
the length of the interval, and the value of TOL.

Mathcad's numerical integration algorithm makes successive estimates of the value of the integral
and returns a value when the two most recent estimates differ by less than the value of the built-
in variable TOL. Example 2 above shows how changing TOL affects the accuracy of integral
calculations. (This is not to be confused with the mere formatting issue of how many digits to
display.)

You can change the value of the tolerance by including definitions for TOL directly in your
worksheet as shown. You can also change the tolerance by using the Built-In Variables tab when
you chooseOptions from theMath menu. To see the effect of changing the tolerance, choose
Calculate Documentfrom theMath menu to recalculate all the equations in the worksheet.

If Mathcad's approximations to an integral fail to converge to an answer, Mathcad marks the
integral with an appropriate error message.
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Algorithm

When you change the tolerance, keep in mind the trade-off between accuracy and computation
time. If you decrease (tighten) the tolerance, Mathcad will compute integrals more accurately.
However, because this requires more work, Mathcad will take longer to return a result. Converse-
ly, if you increase (loosen) the tolerance, Mathcad will compute more quickly, but the answers
will be less accurate.

You can also use Mathcad to evaluate double or multiple integrals. To set up a double integral,
press the ampersand ke§] [ twice. Fill in the integrand, the limits, and the integrating variable

for each integral. Keep in mind that double integrals take much longer to converge to an answer
than single integrals. Wherever possible, use an equivalent single integral in place of a double
integral.

Because certain numerical integration methods work best on certain kinds of integrals, Mathcad
has an AutoSelect feature for integration. Depending on the kind of integral you are evaluating,

Mathcad automatically chooses the most appropriate integration method to use. Using AutoSe-
lect, Mathcad examines the integral and evaluates it using one of the following methods:

* Romberg (Romberg trapezoidal approximation with Richard extrapotagqoal intervals)

» Adaptive (if the values dfx) vary significantly over the interval unequal intervals)

* Infinite Limit (if a = —o, b = o or both)

» Singular Endpoint (if(a) and/orf(b) is undefined)

In Mathcad Professional, if you want to evaluate an integral using a method other than the one
chosen during the AutoSelect process, turn off AutoSelect and choose another method. To do so:
1. Type the integral and allow AutoSelect to return a result.

2. Click on the integral with the right mouse button.

3. Click on the method you want to use.

The integral is automatically re-evaluated using the method you clicked and is re-evaluated that

way from then on, unless you specify another method or AutoSelect later.

Romberg, Kahan transform, QAGS, Clenshaw-Curtis, Gauss-Kronrod formulas (Piessens 1983,
Lorczak)

Indefinite integral If(t)dt

Keystroke [Ctrl]i Toolbar Button I
Description Returns the indefinite integral (that is, an antiderivativéfpMust be performed symbolically.
The integrandf(t), cannot return an array.
Derivative
LHT0)
dt
d
Keystroke ? Toolbar Button | ™=
Description Returns the derivative &ft) evaluated at All variables in the expressidit) must be defined.
The variablegt must be a scalar value. The functf{h must return a scalar.
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Example

Comments

Algorithm

X = 2 y = 10 t=20

g(t) = 5t

Derivative Actual result
9 x® - 79.99999999999997 gix) = 80
dx

d_x5-y = 799.9999999999998  g(x] -y = 800
dx

d 5  _ 5 _

— X7y = 31.99999999999998 X" =32
dy

d _ . .

—xy=20 (Since expression does not

dt involve t, derivative is zero)

With Mathcad's derivative algorithm, you can expect the first derivative to be accurate to within
7 or 8 significant digits, provided that the value at which you evaluate the derivative is not too
close to a singularity of the function. The accuracy of this algorithm tends to decrease by one
significant digit for each increase in the order of the derivativer($ederivative operator).

The result of differentiating is not a function, but a single number: the computed derivative at
the indicated value of the differentiation variable. In the previous example, the derivative of

is not the expressioBx? bBx2  evaluatedkat 2 . If you want the expre3sion , you
will need to use either live or menu symbolics.

Although differentiation returns just one number, you can still define one function as the
derivative of another. For exampligx) := dig(x) . Evaluatifxy will return the numerically
X

computed derivative af(x) atx. You can use this technique to evaluate the derivative of a
function at many points via range variables.

Modified Ridder's method (Press al, 1992; Lorczak)

nth derivative

Keystroke

Description

Comments

Algorithm

n
9 )
dtn d

[Ctrl]? Toolbar Button | #=*

n

Returns thaith derivative of(t) evaluated at All variables inf(t) must be defined. The variable
t must be a scalar value. The functf@) must return a scalan.must be an integer between 0
and 5 for numerical evaluation or a positive integer for symbolic evaluation.

Forn = 1, this operator gives the same answer as the Derivative operatar+0r , it simply
returns the value of the function itself.

Modified Ridder's method (Press al, 1992; Lorczak)
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Limit lim f(t)
t-a Tim
Keystroke  [Ctrl]L Toolbar Button =2
Description Returns the two-sided limit dft). Must be evaluated symbolically.
Algorithm Series expansion (Geddes and Gonnet, 1989)
Right-Hand Limit lim f(t)
+
. t-a Tim,_
Keystroke [CtrI][Shift]A Toolbar Button [ ??
Description Returns the right-hand limit dft). Must be evaluated symbolically.
Algorithm Series expansion (Geddes and Gonnet, 1989)
Left-Hand Limit lim f(t)
t-a lim_
Keystroke [Ctrl][Shift]B Toolbar Button |22
Description Returns the left-hand limit dft). Must be evaluated symbolically.
Algorithm Series expansion (Geddes and Gonnet, 1989)
150 Chapter 2 Operators



Evaluation and Boolean Operators
To access an Evaluation or Boolean operator:
* type its keystroke, or
» choose the operator from the Evaluation and Boolean toolbar:

Evaluation x|

= = = =

= = =

= =2 & fzx

xf xfy xfj.r

Refer to “Accessing Operators” on page 135 for more information on how to access a toolbar.

Greater than x>y, S1>S2
Keystroke > Toolbar Button

>

Description For real scalars andy, returns 1 ifx >y, 0 otherwise.
For string expressior8l andS2, returns 1 ifSL strictly followsS2 in ASCII order, 0 otherwise.

Less than x<y, S1<S2
Keystroke < Toolbar Button

L

Description For real scalarg andy, returns 1 ifx <y, 0 otherwise.
For string expressiorl and2, returns 1 i1 strictly precedeS2 in ASCII order, 0 otherwise.

Greater than orequalto x=2y, S1>2S2

2

Keystroke [Ctrl]) Toolbar Button

Description For real scalarg andy, returns 1 ifx > y, 0 otherwise.
For string expressiorSl andS2, returns 1 ifS1 follows &2 in ASCII order, 0 otherwise.

Lessthanorequalto x<y,S1<S2

=

Keystroke [Ctrl]( Toolbar Button

Description For real scalars andy, returns 1 ifx <y, O otherwise.
For string expressiorSl and2, returns 1 ifS1 precede&2 in ASCII order, 0 otherwise.
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Notequalto z#w, S1#S2
=
Keystroke [CtrI]3 Toolbar Button

Description For scalarg andw, returns 1 ifz# w , 0 otherwise.

For string expressiorSl and2, returns 1 ifS1 is not character by character identicab2g 0
otherwise.

Bold Equals z=w

Keystroke [Ctrl]= Toolbar Button |_—

Description Returns 1 ifz = w , 0 otherwise (also known as Boolean equals). Appears as a bold = on the
screen. Also used when typing constraint equations within solve blocks or when typing equations
to be solved symbolically.

Equals c=

Keystroke = Toolbar Button |__

Description Returns numerical value ¢fif c is: a variable previously defined in the worksheet; a built-in
variable; a globally-defined variable; or a function of several such variables. Appears as an
ordinary = on the screen. Not used for symbolic evaluation.

Definition z:=c, f(xy,z,..):=expr

Keystroke Toolbar Button | *=

Description Giveszthe numerical valuefrom that point onward throughout the worksheet. Gives a function
f(x,y,z,...Xhe meaning prescribed by the expressigor from that point onward throughout the
worksheetexprneed not involve, y, z, ..but it usually does; it may involve other built-in or
user-defined functions.

Examples
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datlzl #1118
det (2 551 6
dest [ 2] pE] - | Ard

Trerey chaescy e rmasis
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.'I'.'l:l.: o} wE r':-:l I
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Comments
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You can define arrays in the same way as scalars, with the arrayAnamthe left side of &=,
and a corresponding array of values to the right.

You can likewise use arrays to define several variables at once, as the previous example shows
The left side of a simultaneous definition is an array whose elements are either names or
subscripted variable names. The right side must be an array of values having the same number
of rows and columns as the left side. Mathcad defines each variable on the left side with the value
of the array in the corresponding position on the right side. Elements on the right side are all
evaluated before assigning any of them to the left side. Because of this, nothing on the right side
of an expression can depend on what is on the left side. You also cannot have a variable appeal
more than once on the left side.

When you define a function, Mathcad does not try to evaluate it until you use it later on in the
worksheet. If there is an error, the use of the function is marked in error, even though the real
problem may be in the definition of the function itself. For exampl&xjf= 1/x and you attempt

to evaluatd(0), the error flag occurs not at the definitiorf@d but when Mathcad encounters

f(0) for the first time.

Global Definition z=c¢ f(xy, z...)=expr

Keystroke

Description

Comments

~ Toolbar Button

Givesz the numerical value and this holds throughout the worksheet (regardless of where the
global definition is positioned). Likewise, gives a functfpny,z,...xthe meaning prescribed by
the expressioaxprthroughout the worksheetxprneed notinvolve, y, z, ..but it usually does;

it may involve other built-in or user-defined functions.

You can globally define arrays in the same way as scalars, with the arrarantiee left side
of a =, and a corresponding array of values to the right.
This is the algorithm that Mathcad uses to evaluate all definitions, global and otherwise:

» First, Mathcad takes one pass through the entire worksheet from top to bottom. During this
first pass, Mathcad evaluates global definitions only.
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» Mathcad then makes a second pass through the worksheet from top to bottom. This time,
Mathcad evaluates all definitions made withas well as all equations containi|g

Although global definitions are evaluated before any local definitions, Mathcad evaluates global
definitions the same way it evaluates local definitions: top to bottom and left to right. This means
that whenever you use a variable to the right®sf a

+ that variable must also have been defined withand
» the variable must have been defirsddmbvethe place where you are trying to use it.
Otherwise, the variable is marked in red to indicate that it is undefined.

Itis good practice to allow only one definition for each global variable. Although you can define
a variable with two different global definitions or with one global and one local definition, this
is never necessary and usually makes your worksheet difficult to understand.

Symbolic Equals ¢ -

=
Keystroke [CtrI]. Toolbar Button
Description Returns live symbolic “value” df if c is a variable previously defined in the worksheet, is a
built-in variable, is a globally-defined variable, or is a function of several such variables.
Comments The live symbolic equals sign is analogous to the numerical equals sign “=" and is capable of
giving expressions. You can use it, for example, to symbolically simplify or factor algebraic
expressions, or to symbolically evaluate derivatives, integrals and limits. Note-thapplies
only to an entire expression (unlike menu symbolics).
Prefix f x (Professional)
f
Keystroke NONE Toolbar Button :
Description Using the prefix custom operatdrx returns the valufx), wheref is either a built-in or user-
defined function and is a real or complex number.
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Examples
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Example 1: Defining your own operators

"

Lt v e o g dn B=lige.

=T 8 vill% = Hakicy as spmrees (ash bin 2 fewrrice

1=Pullh = Pinpdwpreg as opecas e craal erp rase che wlp beees)

*I: B Lirigl ooy 2 hanfae e wisdl say.

simi o i R = Lirigl apiey Uei soew laefne o 0 il wrir

L] ar ppmaw e v ot S|

Example 2: Displaying an operator as a function and a function as an operator

Comments In Example 1, the symbok™ comes from the Symbol font. First define a functier(X)” as
illustrated, then click the prefix button on the Evaluation toolbar to use prefix notation. For prefix
notation, type the name of the operator in the left placeholder and the operand in the right
placeholder.

Many publishers prefer to omit parentheses around the arguments to certain fusittiorssifer
than sin(x) ). You can do the same thing by treatingsihdunction as an operator with one
operand, as in Example 2.
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Postfix x f (Professional)
Keystroke NONE Toolbar Button |* f

Description Using the postfix custom operatarf returns the valu#x), wheref is either a built-in or user-
defined function and is a real or complex number.

Comments In Example 1, on page 155, the symbl¢omes from the Symbol font. First define a function
“°(x)" as illustrated, then click the postfix button on the Evaluation toolbar to use postfix notation.
For postfix notation, type the name of the operator in the right placeholder and the operand in
the left placeholder.

Infix xfy (Professional)

f
Keystroke ~ NONE Toolbar Button |7

Description Using the infix custom operatoxf yreturns the valugx,y), wheref is either a built-in or user-
defined function and, yare real or complex numbers.

Comments In Example 1, on page 155, the symbsl tomes from the Symbol font. First define a binary
function “=(x,y)" as illustrated, then click the infix button on the Evaluation toolbar to use infix
notation. For infix notation, type the name of the operator in the middle placeholder and the
operands in the left and right placeholders.

Likewise, in Example 2, on page 155, the binary functig,$)” is defined and then displayed
in the more conventional mannerx+y”. Functions and operators are fundamentally the same.
Although notation like #(x,y)” is unconventional, use it if you prefer.
Treefix | y (Professional)
f
X
Keystroke NONE Toolbar Button [-_*.

Description Using the treefix custom operatgrf,, returns the valufix,y), wheref is either a built-in or user-
defined function and andy are real or complex numbers.

Comments In Example 1, on page 155, the symbsl tomes from the Symbol font. First define a binary
function “+(x,y)” as illustrated, then click the treefix button on the Evaluation toolbar to use
treefix notation. For treefix notation, type the name of the operator in the middle placeholder and
the operands in the left and right placeholders.
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Programming Operators

To access a Programming operator:
» type its keystroke, or

» choose the operator from the Programming toolbar:

Prograrnming

Add Line —

it otherwise
far vkl e
hreak continue

return an errar

Refer to “Accessing Operators” on page 135 for more information on how to access a toolbar

Special Notethese operators are valid only within a Mathcad programming structure.

Local Definition w ~ f(a, b ¢ ...) (Professional)
Keystroke { Toolbar Button |_*_
Description Givesw the numerical value of the functiéf@,b,c,...)within a program.

Outside the programy remains undefined.

Add Line (Professional)
Keystroke ] Toolbar Button |_#84 Line
Description Inserts a line in a program. When you insertAlde Line operator the first time, a program is
created (a vertical bar with two placeholders). If you select either of these placeholders and insert
the Add Line operator again, more placeholders are created.
Conditional Statement g i a (Professional)
Keystroke } Toolbar Button [T
Description Within a program, permits evaluation of a statement only when a specified condition is met. You

must insert this operator using its keystroke or toolbar button. (Conditiésalot the same as
the built-inif function. Do not just type the word “if".)
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Otherwise Statement  ; otherwise (Professional)

Keystroke NONE Toolbar Button | Zihenuise
Description Within a program, used in conjunction with tiigtatement to exhaust possibilities not yet
covered. You must insert this operator using its toolbar button. (Do not just type the word
“otherwise”.)
For Loop for me (Professional)
]
Keystroke NONE Toolbar Button ol
Description Within a program, permits evaluation of a sequence of statements a specified number of times.
The right hand placeholder usually contains a range variable. You must insert this operator using
its toolbar button. (Do not just type the word “for”.)
While Loop while » (Professional)
]
Keystroke NONE Toolbar Button | ™Hile
Description Within a program, permits evaluation of a sequence of statements until a specified condition is
met. The right hand placeholder usually contains a Boolean expression. You must insert this
operator using its toolbar button. (Do not just type the word “while”.)
Break Statement brealk (Professional)
Keystroke NONE Toolbar Button | Preak
Description Within afor or while loop, halts loop execution. Usually used in conjunction witfistatement,
that is, halting occurs if a specified condition occurs. Execution moves to the next statement
outside the loop. You must insert this operator using its toolbar button. (Do not just type the word
“break”.)
See also continue andreturn
Continue Statement  continue (Professional)
Keystroke NONE Toolbar Button | E2MtinUe
Description Within afor orwhile loop, halts loop execution. Usually used in conjunction witti statement,
that is, halting occurs if a specified condition occurs. Execution moves to the beginning of the
next iteration of the current loop. You must insert this operator using its toolbar button. (Do not
just type the word “continue”.)
See also break andreturn
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Return Statement return a (Professional)
Keystroke NONE Toolbar Button | EiHm

Description Within a program, halts program execution. Usually used in conjunction wifrseatement,
that is, halting occurs if a specified condition occurs. Also, withiar ar while loop, halts loop
execution; execution in this case moves to the next statement outside the loop. You must insert
this operator using its toolbar button. (Do not just type the word "return”.)

See also break andcontinue

Comments Thebreak function does the same @furn, but gives the value only of the last expression
evaluated beforbreak is called. Thereforeeturn is more flexible, because it allows you to
interrupt the program and return particular values other than the default value last computed.

On Error Statement @ on eftor g (Professional)
Keystroke NONE Toolbar Button | "M &MEr
Description Within a program, permits computation of an alternative expression when an arbitrary numerical

error flag is raised. You must insert this operator using its toolbar button. (Do not just type the
phrase "on error".)

Comments on error executes the right-hand argument first. If no error occurs, it returns the result of the
right argument. If an error occurs, then the error is cleared and the left argument is returned

on error is a general purpose error trap. It is more powerful than usingtine statement,
coupled with some specific test, to deal with inputs that give rise to numerical error.
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