CGN 3421 - Computer Methods Gurley
Lecture2 Mathcad Basics

Operators

+ Addition, - Subtraction, * Multiplication, / Division, ~ Power
() Specify evaluation order

Order of Operations

O -~ highest level, first priority

* next priority level

+ - |ast operations to be performed
y :=2 X =3 * yr2 x =12

y =2 X 1= (3*y)"2 x = 36

y =2 X :=3*y +2 X =8

z .= 3*6+6*2/ 4 z =21

X 1= 57"2/2 x =12.5

Homework Format and Template:

WEe' |l each develop a simple template to use to start any new homework. The idea of atemplateisto lay-
out the basic structure of what goes into a homework assignment, minus the actual input, calculations,
and output necessary for a specific assignment.

To createtemplate:
Simply start anew worksheet and type in what you want on the template. Then use Save As and pick the
mathcad Template option.

To usetemplate:

From mathcad, open the template through the File --> Open command and change the Files of Type box
at the bottom to Mathcad Template. Before adding any information to the template, save it as a standard
worksheet of desired name by using File --> Save As. Note that the Save as Type box at the bottom auto-
matically is set to standard Mathcad Worksheet format. Choose a name and save. Now the original tem-
plateis preserved for the next use, and you can begin work on your new assignment.
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The basic structure and ingredients for every homework is given below. We' |l base our template on this.

Title Page:
Info: Name, Course, Assignment Number and Title.

Summary/Observations. A brief summary (description) of the assignment. What did the
assignment ask for? What did you learn? Did you discover anything easy/difficult with
the assignment? It doesn’t have to be long, just clear and concise.

Pseudocode: Pseudocode is a detailed description of the steps needed to solve the prob-
lem from beginning to end.

Work Page(s):
Standard Code: Any Mathcad statements needed in every worksheet. (e.g. ORIGIN=1)

I nput Section: Scalars, vectors, matrices needed to begin calculations. Includes both per-
manent assignments and user prompted information as well as datafile loading.

Calculation Section: Manipulations of the input information

Output Section: This should include al your results (vectors, graphs, etc.). Clearly label
what each piece of output is.

Hand Verification: A sample problem by hand or other means independent of Mathcad.
You need not verify every calculation, just samplesto show your Mathcad results work.

Fundamental Program Structure

Labeling the program using comments
program title
student information
program summary

executable statements
program input (load data from external files, assignment statements, etc.)
perform operations needed (sequential execution, loops, €etc.)
display program output (graphs, numbers, output files, etc.)

intersperse comments to explain program
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Sample Homework Template

Computer Methods in Civil Engineering

CGN 3421
Fall Semester, 2001

Kurt Gurley

HW#:

HW Title:

Problem Statement:

Observations:

Pseudocode:

page break

ORIGIN=1

INPUT SECTION

CALCULATIONS SECTION

OUTPUT SECTION
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Version 2000 and Version 2001

Mathcad rel eases new versions of their product at afairly quick pace. Asaresult, you will probably come
across more than one version, including: Mathcad 8, Mathcad 2000, Mathcad 2001 (the latest). From
2000 or 2001, you can use Save Asto save your worksheet in an older format if desired. Thisis neces-
sary, for example, if you bought 2001 for your personal machine. Both 200 Well and the Circalabs use
Mathcad 2000 (we' re not convinced its worth the price to upgrade yet). Newer versions of mathcad CAN
open worksheets made on older versions (2001 can open a 2000 worksheet), but older versions CAN'T
open worksheets from newer versions (2000 can not open a 2001 worksheet). So if you create a work-
sheet at home (2001), and try to open it at school, you won't be successful. You can avoid this using the
Save Asolder versions feature. That is, 2001 can save into 2000 format so you can create in 2001, and
open in 2000. You can still open in 2001, but now you can also open in 2000.

Regions

A region is aspot in the worksheet where you enter text, equations or graphs.

Equation regions:

By default, when you click the cursor, mathcad assumes you are entering an equation into this new
region. We' ve already seen how to assign numbers to variables, etc. Every number-manipulating type of
expression is considered an equation region, including control structures (if statements, for loops, etc.)

Text regions.

You can aso place the cursor and start typing your text. You may find that typing text doesn’'t always
look like you would like it to, since Mathcad expects an equation by default, and can make some assump-
tionsyou didn’t intend. To ensure that the region you are starting is text (for headings, instructions, com-
ments, etc.), just pace the cursor, thentype “ toinitiate atext region. Be sure to try out the Format
menu to practice with changing fonts, styles, colors etc. to give your worksheet a professional 1ook.

Graphics regions:

These regions can beinitiated from the Insert menu, from the View -> toolbars-> graphstab, or keyboard
shortcuts ( typing @ creates a 2-D graph). You must fill in the placeholders for the x and y axesto tell
Mathcad what to plot.

I nserting Equation regionsinto text regions

When using text to explain the contents of a worksheet (talking through the equations so others can fol-
low your work), it is possible to import an equation region directly into atext region. This can be done by
initiating your text, then placing the cursor where you want the equation, and using Insert -> Math
Region.
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Enabled and Disabled Equation Regions

You may find occasion to wish you could ‘turn off’ an equation without actually deleting it. For example,
an equation that appearsfor explanatory reasons within text may only be for show, not for function. Other
reasons will come about as you begin to debug more complicated worksheets, and you want to see what
happensif equation A wasn’t there (but you want to saveit for later). Disabling an equation iseasily done
with the cursor by right-clicking in a equation region and clicking ‘ Disable Evaluation’. A small mark
will appear by the equation to let you know its disabled. It will remain disabled until you turn it back on
in the same manner (right-click, and click Enable Evaluation).

Alignment of regions

After entering numerous different text, equation, and graphics regions, the look of the worksheet can get
to look alittle messy. For example, headings for sections may not be in line with each other vertically,
equations that are next to each other may not be aligned exactly. You can adjust each region individually
to fix this, but this can be imprecise, and tedious. Mathcad has an automated aligning feature to help
neaten-up the look. Try entering three separate lines of text. Now use the mouse to highlight all three
regions. Now use Format -> Align regionsto linethem all up neatly. If you nave many regions, and desire
different alignments to different groups of regions, you can hold the Ctrl button and left click selected
regions, then align.

Areas

An areais asection of the worksheet you create, in which you can place various regions. The purposeis
to be able to group regions that you might want to hide or even lock from other users seeing, changing, or
both. All equation and graphics regions within an areawork just like they would anywhere else. Try cre-
ating aregion by placing the cursor and using Insert --> Area. You will see two horizontal lines span the
page. The areais the region between the lines. You can enlarge the area by clicking the upper or lower
line defining the area and dragging it up or down. You can now drag regionsinto the area, or create new
regions within the area.

Collapsing areas

The reason for creating areasisto allow you to collapse or hide groups or regions without losing their
function. After setting up an area and creating afew regions within it, double click the upper or lower
arealineto collapse the area (you'll see the regions disappear). Another method is to left click the upper
or lower arealine and then right click to make options appear, including ‘ collapse’.

locking areas

You can aso lock an area so that you (or more important, someone else) can’'t change any regions inside
the area. The equations still work. No one can change anything in the region until they enter a password
that you determine when you lock the area. Of course, you can combine the locking and collapsing so that
no one can even look at the regionsin the area until entering the password.
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Range Variables and Vectors

A range variable isavariable that contains a series of numbers rather than a single number (but its not a
vector). A range variable is different than avector in that it cannot be referenced for specific values. All
the valuesin arange variable must be used at the same time. If arange variable appearsin an equation, it
implies that the equation should be executed for each value in the range variable. We can aso use range
variables as another way to create vectors.

In general, vectors are much more flexible than range variables in terms of what you can do with themin
Mathcad. We will learn to use range variables as a tool to create vectors, then use the vectors to carry out
calculations and create graphs.

Creating Vectorsusing Range Variables
The general format to create arange variableis:

i := start, next ; end

this creates arange variable (not a vector) starting at the value ‘ start’, and ending at the number ‘end’.
‘next’ determines the increment by stating the next number after *start’, and the same increment between
start the next is used to built the entire range variable. Therefore arange variable must consist of a num-
ber of equally spaced values. If you do not specify the ‘next’ value, Mathcad uses a default stepping value
of 1.

Let’s use arange variable to create a vector.

i-=1.5 create a range variable i
vec. =1+ 05i use the range variable as an index to a vector we are creating
! use the range variable in the equation for the vector definition
15
2 . .
view the vector we just created
vec =| 25
3
35
index a specific value inside vec
vec, =25
3
I3=1 cant view a specific value within a range vector

Notice: therange variable ‘i’ is used to specify the index to the vector ‘vec’ being created. Thisonly
works if the contents of the range variable are integers
Notice: the range variable ‘i’ also appears in the equation
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Generalizing end points of an evenly spaced vector:

We can generalize the previous operation to arbitrary starting and ending points. We want to create a vec-
tor that spans from -2 to 5 in even steps of 10.

first enter scalars and calculate increment

begin := -2 end :=5 NP := 10 inc := (end-begin)/(NP-1)
Now create the range variable ‘i’ and use it to create the vector ‘X’
i :=1;10 Xj 1= begin + (i-1)*inc
_ T 1 2 3 4 5 6 7 8 9 10
inc=0.778 X =
1 -2(-1.222(-0.444| 0.333| 1.111| 1.889| 2.667 | 3.444| 4.222 5

Creating 2-D arraysusing range variables:

We can extend the idea to arrays of 2 dimensions. Suppose | want a 3 by 5 matrix in which each element
isthe sum of itsindices...

i =13 | :=1;5 Zp j =0+ 23456
z={3 4567

Note that the operation on the right hand side of the equal sign 45678

is calculated for every combination of the valuesin the range
variables 1 and j.

Generalizing to nonlinear relationships:

How can | create a vector that contains the expression: y =  forx = [-3, 4] instepsof 0.25 ??
We can create two vectors (x,y) and pull the same stuff.

:end_—begln +1

Inc

begin:=-3 end:=4 inc:=025 NP:

i:=1.NP X = begin + (i — 1)-inc y. = (xl)z

- /7

‘ <
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Functions: A first look

A single or multiple commands can be assigned to a single word (or letter) that represents those com-
mands, followed by alist of inputs within parenthesies. Once this assignment is made, you can re-issue
al of those commands again and again by using the single word. A simple example isthe creation of a
long equation that you intend to use more than once. Why re-type over and over?
2 :

To theright I’ ve created a function called 'y’ whichisa y(t) =5+ 06t - .27+ log(sin(t) + 2)
function of ‘t’. To useit, just ‘type y(number)=" to view the
result. Note that we can send in scalar values or arange y(.1) = 5.38 y(30) = —156.995
variable ‘i:=1,1.5..2.5" which produces 4 answers.

X:=6+ y(4)2 X = 24.443

i:=1,15.25 y(i) =
5.854
5.927
5.864
5.665

A function with more than one line of commands has a distinct look by the use of averticle lineto the
right of the name we give the function, and to the left of the statementsin the function. Let’s say we want
to create afunction to solve the quadratic equation, and we break down the solution into parts. The way to
create the vertical lineis either the right square bracket, or go to ‘add line’ from the * programming’ tool-
bar (under view => toolbars)

QuadEq(a,b,c) = |radical « \/ b2 -4ac

ans, « b + radical QuadEq solves the quadratic quuation

2a 2
of the form a . =
b - radical ax +bx+c=10
ans, « ———
2 2a .
ans ansisthe 2x1 vector to be reported as
output from the function

-0.5 2 i

Quadeq(2,3,1) =( 1 j QuadEq(4,0,-16) :( 2) radical :=u

Note that the solution requires 3 pieces of input information, and the output has two pieces of informa-
tion. We can now call this function from wherever we like in this worksheet (after the function defini-
tion). Of course | validated the answers | got to make sure they are correct.

IMPORTANT: None of the variables created in the function are recognized outside the function, except
those listed at the end. Inthiscase, ‘ans islisted at the end, while ‘radical’ is not. Therefore, the contents
of ‘ans istransfered out to become the answers, while ‘radical’ is not recognized outside the function.

You can see this above. | tried to type ‘radical =, but Mathcad did not recognize the variable name, and
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istrying to force meto defineit asanew variable name. ‘ans’ also does not exist outside the function, but
its contents have been transferred as the result of * QuadEq(2,3,1) =’

We will spend a good deal of time working with functions. Thiswill be the main tool for developing our

own programs. Once we learn the three basic control structures (decisions, counted loops, and conditional
loops), the possibilities are almost endless with what we can do.

Another Example: Using a single-line function and arange variable to plot a curve

Mot the following function y = 2 + 3x - 2x2 + 0.2x3 over therange x = [_5 10]

step 1) create the function 'y’ as afunction of an input variable ‘x’
step 2) create arange variable ‘x’ from-5to 10 in steps of 0.5
step 3) create agraph and place ‘X’ in the box along the x-axis, and ‘y(x)’ in the box along the y-axis

Y9 =2+ 3x— 2 + 0.2 CREATE FUNCTION

CREATE Range Vector
x:=-5,-45.10

50

PLOT of function
y(¥)

—100
-5
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