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Introduction to Mathcad
Prepared by Gilberto E. Urroz, February 2006

To get started, find the Mathcad 13 icon in your Start>Programs button in Windows.
The Mathcad interface is shown below.
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The interface shows a main window and a Trace window. At this point we will not use
the trace window, therefore, you could click it off leaving only the main window for
operations.

Using Mathcad as a calculator

Mathcad can be used as a calculator. For example, click on the main window in an area
near the top left corner, and type an equal sign (=). This produces the following entry in
the worksheet:

h=||

|This placeholder is empty. |

The placeholder to the left of the equal sign (in red) is waiting for an entry. Start typing:
1+2/3+4/5

Then, click somewhere else in the main window. The result is the following;:

1+

4=1.526
i+ -
3

This exercise illustrates the use of Mathcad to perform simple calculations.



Functions in Mathcad

Calculations may involve mathematical functions such as sin, cos, exp, etc. You can
insert any function by using the f{x) button in the toolbar f% . Pressing this button
provides a menu of functions. The figure below illustrates the use of the function cosine:

Insert Function E|
Function Category Function Mame
Special ~ asin ~
Statistics atan
Strin atan2
Truncation and Round-Cff cat
Lizar defined CaC
Wector and Matrix 3=
Wawalet Transform 7 =i 2

cos(z)

Returns the cosine of z.

@ [ Ok l ’ [nsert ] l Cancel

As an alternative, you can simply type the name of the function, i.e., cos.

As an exercise, click in another area of the main Mathcad window, type an equal sign,
and in the red placeholder type the following expression (you can either use the f(x)
button or type the name of the functions sin and cos):

2.5%sin(2.5)+1.2%cos(2+3/(1+4*1.2/2))

Then, click somewhere else in the main window. The result of this operation is now
shown as:

3
258025 + 12 cog| 2+ ——— | = 0.577
1+ 417°

It is not always necessary to type the equal sign first to calculate a numerical expression.
For example, click somewhere in the worksheet and type the following;:

(2.5+3.2/(1.2+sin(1.25)))=

The result is:

[2.5 + 3—} = 3580
(12 + sin(1.25))



Using Mathcad function root to find the root of an equation

Explore on your own the functions available under the f{x) button. Some functions, such
as sin and cos, are straightforward mathematical functions, while others are Mathcad
functions used to perform specific operations in the worksheet. As an example, try the
following exercise:

1. Click in an area of the main Mathcad window

2. Type an equal sign (=)

3. Using the f{x) button, select function root under the Solving category. Press the
[Ok] button. The result is the following: tootis,n.n.1)

4. Click on the first placeholder and type x"3 [2>] —x-24

5. Click on the second placeholder and type x

6. Click on the third placeholder and type 0

7. Click on the fourth placeholder and type 5

8. Click somewhere else in the worksheet to see the result:

r-:u:utl:-c3 -x- 24,:{,0,5' =3

Function root was used to find the solution of the equation x’-x-24 = 0, specifying that
the unknown of interest is x, and providing the interval 0 < x < 5 as the preferred interval
for the solution. The right-hand side of this result shows that the root sought is x = 3.

Defining variables in Mathcad

To define a variable in Mathcad use the assignment operator, namely, a colon followed
by an equal sign ,:=, which you can get by typing a colon (). Click anywhere in the
worksheet and make the following variable assignment: x :=-2. Then, click somewhere
else in the worksheet. The value of 2 is now stored in the name x. The value x = 2 will
be replaced into any expression containing the name x that is located below or to the right
of the assignment statement. To check this fact, type an equal sign in a location above
the assignment statement x-=2 and fill the placeholder to the left with the expression x°-3.
The result is inconclusive, i.e.,

¥ - 3=

Then, repeat this operation in a location below or to the right of the assignment statement

x:=2. The result now is:

x3—3=5

Once you have made variable assignments, you can use the assigned variables to
calculate expressions. As an example, assign the values x: =-2 and y.=3, then calculate
the following expression: x*+y°. The result may look somewhat like this:



Documenting the worksheet

In order to document your worksheet, you can add text to it by clicking on any place in
the worksheet and typing ” followed by the text. (Alternatively, you can use Insert>Text
Region in the worksheet menu). For example, the last exercise above, can be
documented as follows:

Far the values x=-2 and =3

the sum of squares is calculated as: x2 + },rz =13

Selecting fields in the worksheet for editing and repositioning

If you click on any of the text lines or the operations shown above, the corresponding
field will be shown enclosed in a rectangle. This indicates that the field can be edited for
text or math calculations. An example is shown below:

Far the values x=-2 and =3

the sum of squares iz calculated as: xg|+ 3r2 =13,

A text or calculation field can also be selected by clicking in a region near the field and
dragging the mouse towards the field. In this case, the field is enclosed by a frame with
a broken line for boundary, e.g.,

Faor the values %=1 and =3

the sur of squares is calculated as: |

When selected in this way, a field can be dragged and positioned somewhere else in the
worksheet. For example, the result shown above could be re-organized as follows:

For the values r=-2 and =3

the sum of squares is calculated as:

A field selected by dragging can be erased from the worksheet by pressing the [delete] or
the [backspace] key. The selected field can also be copied and pasted by using Cntl-C
and Cntl-V, respectively. By dragging on top of two or more fields, multiple fields can
be selected for deletion, copying, or relocation.

Equation solution using variables

In an earlier section we introduced function root for the solution of equations. The
example presented earlier required four arguments, namely, the left-hand side of the
equation, the unknown, and the limits of the interval where the solution was sought.




Using variables, we can provide an initial guess for the unknown, and then use function
root with only the first two arguments to solve the equation. The following example
repeats the solution shown earlier, providing an initial guess through a variable
assignment:

¥ =-100 ru:u:ut':»:3 -x- 24,}{' =3

A
Solution of a single equation using a Given-Find block
Suppose that you want to solve and equation of the form f{...,x,...) = g(..,x,...) for x.

The solution can be accomplished by using a Given-Find block according the following
structure:

x:=x0

Given

f(....x...0)=g(..,x,....)

x:=Find(x) x=

where x:=x0 is an initial guess for the solution, and the symbol = in the equation is
entered by pressing Cnt/ =. Notice that the initial guess is shown before the Given-Find
block, and that the solution requires the use of function Find after the equation is defined.
To see the solution to the equation, we add the expression x = to the right of the Find
statement. The field x= will show the actual value of the solution. Consider the
following example:

x=-2
it
e

xz -5x+6=0
x=Fndx) =x=1
To find a different real solution for the equation (if it exists) start with a different initial

guess. For this case, for example, we change the initial guess from -2 to, say, 5.
Mathcad then recalculates the solution automatically. The new result is shown below:

ﬂf:j
Civen
2
¥ -dx+d=0

x=Find(x x=3

Note: If you’re not sure that Mathcad has recalculated your solution, you can force a
recalculation by pressing the Calculate button in the toolbar = .



Solving multiple equations with a Given-Find block

The solution of multiple equations requires defining all the equations after the Given
particle in the block, and using a vector to which function Find is assigned. Here is an

example:
1= 2 y= 3
Given
2
T 4y =15
xr + j.rg =9
X
[;"J = Find(x,v)
=13 yv=4
Notes:
1. Initial guesses for the unknowns (x:=2, y:=3) are required before the Given block.

4.

Remember to use Cntl = to generate the symbol = in the equations.
To enter the vector to which function Find is assigned, use the Vector and Matrix

toolbar button in the toolbar [ . This generates the following palette:

Ruows: g oK

Columns: | 1

To enter the vector required in the example above, select 2 rows and I column.
Then type the variable names x and y in the corresponding placeholders.[As an
alternative way to enter a vector or matrix, use Cnt/+M after selecting an entry
location in the worksheet].

Type x= and y = after function Find to see the results for x and y.

The approach presented here for 2 equations can be generalized to any number of
equations. In the following example, we use a Given-Find block to solve a problem in
hydraulics.



W.R.E. 12-18. A pump is installed to deliver water from a reservoir of surface elevation zero to
another of elevation 300 ft. The 12-in-diameter suction pipe (f=0.020) is 100 ft long and the
10-in-diameter discharge pipe if = 0.026) is 5000 & long. The pump characteristic at 1200 rpm is

defined by H = 375 - 24 02 where H, the pump head is in feet and Qs in cubic feet per second.
Compute the rate at which this pump will deliver water under these conditions assuming the setting
i low enought to avaid cavitation.

ofs = ﬂ3-sec_
2 2 2
Energy losses are written as: by = fETJ— with, V= ﬂ TJ— = 8Q
D 2 2- 2
g n-D g T -g-D4
and, &fL  _2
he= 5 S-Q
@ -gD
The systerm equation will be:
2L 251,
H=AH+ ! 1-2+ 22 -Qz
T -g-Dl5 T -g-ng
with, £ = 0,020 L, = 100-ft D;=12in  f:=0026 L, = 5000-ft D, = 10-in
AH = 300-ft

We'l use a Given-Find block to salve for (C1 H) from the system and pump equations:

First guesses: Q=11cfs H = 100-f

L

Civen

H=3750ft - (24-%]-(@2

cfs

#2f)-L 8
Heage oot 2 zzlz_Q:!
T -g-Dl5 T -g-]:lz5
2 . 1.3
H = Find(C) , H) H=319099f Q=15as " ft

Notes:

[1] - Use Format>Properties and select Highlight Region in the Display tab to highlight
a region in the worksheet. Press the [OK] button when done. Highlighting could be use
to emphasize solutions in a worksheet as shown above.

[2] — This example illustrates the use of units in the calculations. Units usage is
discussed in a subsequent section.




Using Greek letters in expressions

A palette with Greek letters is available by pressing the o button in the toolbar of
The resulting floating palette is shown below:

reek
e g v & = ¢
n o 1 K A W
¥ F o wm o g
TR R A
A BT A E Z
He I KA M
N 2 ol F 2
TY & XY &

Clicking on any of the letters will copy that letter to any entry point or text in the
worksheet. To illustrate this situation we perform a calculation with trigonometric
functions that features the value 7

sin| 2|+ cos| 2 | = 1366
6 P

Notice that Mathcad assigns the proper value to the symbol 7 in the calculation. [Note:
The arguments of trigonometric functions in Mathcad need to be in radians. To convert

an angle in degrees (0°) to its equivalent in radians (8"), use: 8" = ﬁ -0°].

Besides 7, there are other Greek letters that have special meanings:

e O : calculates Kronecker’s delta function, &i,j) = 1 if i=j, or &i,j) = 0if i=j. Scan
also be used to represent the impulse function o(x).

e ¢£: calculates the third-order epsilon tensor, e.g., =(1.0.2) = -1 This tensor is used
in the definition of determinants for 3x3 matrices.

e [: calculates the Gamma function, e.g., I'123) = 1.167 | This function is related to
factorials of integer numbers as follows: 7/{n+1) = n!/. The Gamma function is
also used to define probability distributions of continuous random variables.

e @: calculates Heaviside step function, @(x) = 0 if x<0, @(x) = 1 if x>0.

An alternative way to enter Greek letters is to type the equivalent English letter and then
type Cntl G. Try this exercise, after clicking on an entry location in the worksheet:

a Cntl G := sin(60*p Cntl G/180) + cos(75*p Cntl G/180)

Verify that the value of « is 1.125. (Click in a location below the equation above, and
type a Cntl G=).



Calculations using units

Units can be attached to numerical values by using the units button in the toolbar EF,
Pressing the button provides a menu of units as shown below (here, the S7 unit of energy,
the joule, is selected).

Insert Unit §|

Dirnension System

Conductance b Sl QK
Current
Diose

Inzert

Energy
Flow Rate b

Cancel

Lnit
Dietetic Calorie (dcal) ~

Erg (erg)
International ETU (BTU)
ISC BTU (IBTU

Joule (joule) b

Pressing the [OK] button at this point would attach the joule units to a numerical value.
As an exercise, define, in your worksheet, the following variables with units, and
calculate the expression shown for v:

=252 a4 -1.2ﬂ2 t=0T58
g

B

wv=vl+ at v=1.l§E
5
Notes:

1. To attach units use the symbol * between the numerical value and the unit. For
example, type v0:=2.5%m/s, then click somewhere else in the worksheet.

2. Although there is category for units of Velocity, the unit m/s is not included
because it can be put together from m (in the Length category) and s (in the Time
category). As an alternative, you can simply type the unit combination: m/s.

3. The calculation shown above uses five fields. The three fields in the first row
were used to define variables with units. The first field in the second row
represents the calculation of the variable v := vO+at. However, this operation
alone would not show the value of v. For that we need to add the last field in the
second row, i.e., type v =

By default, a calculation involving units, Mathcad will provide the final result in units of
the ST (Syteme International), e.g.,

vo=252 a:=—1.2-% b= 0755
S

v=vl+at v=-01382
2



Another example:

=25t s —1.z-i2 t = 075 -sec

sec

v=vl+at  v=07397
]
To change the default unit system, select Tools>Worksheet Options, and click on the Unit
system tab (see below).

Worksheet Options §|

Built-In Yariables Calculation Display

Lnit Syskerm Compatibility Dimensions
Drefault Units Base dimensions:

Current (Ampere)
Ox Length {Fook)
MKS Lurinous Inkensity {(Candela)

Om Mass (Pound)

O

Substance (Mole)

Temperature (Kekvin)
Time {Second)

O None

O Cuskam

Derived units:

Capacitance (Farad)
Catalytic Activity (kKatal)
Charge {Caulomb)

Dose {Sievert)

Flruw B abe (Rallnns ner mi

Based on:

h

I (a4 ][ Cancel ][ Help ]

The units systems available include MKS (meter-kilogram-second), CGS (centimeter-
gram-second), and US (i.e., U.S. customary, or English, system). For example,

selecting US as the default Unit system produces the following result for the last example
above:

Ww=25T - -1.2-i2 t:= 075 sec
# SeC

vo=v1+ at v=2.425§

5
After a result has been calculated, you can do a unit conversion by replacing the units in
the result with an equivalent unit. For example, the following calculations (with US as
the default Unit system), provide a result in psi (pounds per square inch):

F =1230-Ibf A= 23-1’:(12
F
= — = 10psi
P - P P

If you click on the psi units, a placeholder appears to the right of psi. Click on the
placeholder and type psf (pounds per square foot) to convert the result to those units, i.e.,

AE..\: 230-1uf &M: 23-1':(12
F 3
= — = 144w 10 psf
F & F F

10



It is possible to define your own units as in the following example, in which the unit ¢fs
(cubic feet per second) is defined by the user. The result, provided by Mathcad, is given
in gpm (gallons per minute):

3
ft
cfs = —
sec
ft
Vo=245 — &= 1.2-1’L2 Q=4 Q=132x 103 Zpm
i sec s

By clicking on the gpm units and replacing the placeholder with ¢fs we get:
ft
E~:= 245 — A =121t Q="A =294 cfsz

Saving the worksheet
To save the worksheet, use File>Save As ... and give it a name (e.g., FirstWorksheet).
The file will be given the sub-index xmcd. Older versions of Mathcad used mcd.

To create a new worksheet, use Cnt/-n. Here is an example of a well-documented
Mathcad worksheet:

CEE 3500 - Spring 2006 - Problem using continuity and energy equation in a pipeline.

A pipeline with a 3-in diameter is connected to a B-in pipeline through a smooth transition. A
gage located in the 3-in pipeline, at an elevation of 2 ft (point A), reads a pressure of 5 psi, while a
gage in the B-in pipeline, at an elevation of 3.5 ft (point B), reads 2 psi. Determine the energy
losses between points A and B if the discharge through the pipeline is 10 gpm.

Solution  The data given can be interpreted as follows:

D& = 3in DB =6-in zd =2t pdo= 5-psi B =351t pB = 2-psi

Ibf
Q=10gpm 7= 62.4-—3

The flow velocities are calculated as follows:

va = 2 - va = 0asa VE = 4'—Q2 vE=01132
n-DA s »-DE s
The solution of the energy equation can be accomplished using a Given-Find block as illustrated
next.
Initial gquess for head losses AL hl =05
Given
2 2
[E]+m+{£J_m=[E]+ﬂ+[EJ
¥ ig ¥ g
AL = Find(hl) hl = 54261

11



Here is another example of a Mathcad worksheet showing the solution to a compressible
flow problem:

21.15. Adr flow at a velocity of 121.9 m/s occurs in a duct. f the temperature and pressure of this
air flow are 20°C and 96.5 kPa abs, respectively, determine the fallowing:

(&) the local sonic welocity  (use equation 4-11, p 23)

kPa:=1000-Fa
1.;;,-1_ .
k=14 T=(27315+ 200K R=287| Vo= 1219
. o kg K o geC
1 v
c=ykRT c=343202m- s M= — L = 0355 po=9651Pa
c
fewton- i
p 3 o = 1005 20
i = 1147 kg-m :
P P g kg K

(bl the sonic velocity © at a point where this flow is changed isentropically to & Mach number of 1
(this sonic velocity is commonly used as a reference in tables and equations in gas dynarmics)

-
K T
5 k-1
= 6.5 kPa P2 = Pl[m] g = 097914 a F1=F
1
K1)
i k i3 £
1 3 -
Vo= |2 ——[1-| = H2=313.299m-51
[a] k-1 i3

() the sonic velocity co at a stagnation point in this flowe. (This sonic velocity is also a reference).
Ty=T Ty = 293.15K pp = 965K V=¥ V=121 9ms

We need to solve the following equations simultaneously; Assume:  p, = 50kPa T, = 200K

Given
X 15
k-1 2 k
Pa Tl:- v1 ™
— = — — =g Tyl-| — .'ER'-__.
o \Th 2 o s Findip,,T,|
Po = 105289 kPa T, =300543 K

g, = ,/kRT, c, = 347503 m- 5_1

12




Defining, tabulating, and plotting a function

A function of a single variable can be defined by using, for example, f(x) = expression.
An example is shown below. After defining the function we evaluate it at x = 3.5, and
use it to find its roots with Mathcad function root as shown. After finding the roots, the
function is evaluated at the roots to verify that f{(x) = 0 at those points:

17 :=x2—5x+r5

f35 =075
root(fi®) ,x, 25,5 =3 fH=0
root(fi®) ,x, 0,25 =2 £ =0

To produce a table of the function we need to define a vector of values of the independent
variable x in a certain range a < x < b. Suppose that we want to divide the interval [a,b]
into n sub-intervals of the same width Ax = (b-a)/n, then we can define the vector of
values of x using the rule x; = a +j Ax, forj = 0, 2, ..., n. [Check thata =x;and b =
Xn+1]. Subsequently we can produce a vector of values of y; = f{x;). To show the table of
y-vs-x values, create a matrix (e.g. Z) and define x as its first column, and y as its second
column. The type Z = . A table of values of the function defined above is shown next:

a=-1 b=3 n=20 Ax= 29 hx =035

fi
i=0.n x=a+ j-hx =1l
] i 1 EFJ | ]I
& = . & = .
00 1,i7 ¥
1] 1 2 3 4 5 5 7 ]
2= -2.35 -2 -1.65 1.3 -0.95 0.5 0.25 0.1 0.45
1] 23.273 201 164973 1419 11.6583 936 7313 551 3.953
Notes:

1. To enter a range (e.g., j.= 0..n), use a semi-colon between the range limits. For the

example above, use: j :=0;n

To enter a sub-index, type [ or click on the sub-index button in the toolbar *:.

3. Ifyou prefer to see the table in the form of columns, change the assignation to
matrix Z to the following: Zjo:=x; and Z;;:=yj.

N

To produce a graph of the function, first, we need to generate the vectors of values of x
and y, as we did above. Then, click on the region of the worksheet where you want the

graph, and press the Graph toolbar button in the toolbar ¥, From the resulting menu,

select the X-Y Plot button = . You will now have a graph frame with six placeholders,
as shown in the following figure.

13



Replace the middle placeholders with x and y (or x; and y;) to produce one of the
following graphs:

0 | 0 |
k- - k- -
v 10f - v 10 -
= - = -

-10 ' -10 '
-5 0 5 -5 0 5

X X

The graphs above use a default range for x, namely, -5 <x < 5. To change the range in a
graph, click on the graph and replace the values shown at the ends of each axis. For
example, in the figure below we change the range to -2 <x < 5:

a0 a0
20 — 20 —
¥ 10 . vi 10 —
0 — 0 —

-10 -10

The following example shows the development of a plot using polar coordinates. The

function to plot is ¥ = g(6) =5 (1-cos(6)). The function is defined, and values of #and r
are generated as follows:

&(8) = 5-[1 = cas(@)) n="20
(6n - a0)

n

a0 =0 B =21 AR = A8 =0314

j=l0.n+l  8y=680+ j 48 rj:= g9

14



To produce a table of the -6 data, use a matrix 7 for this case:

T_,j=E|]' Tl,j=r_1,
1] 1 2 3 4 5 B 7 3 q
T= 0| -0.314 1] 0314 0628 0942 1.257 1.571 1.885 2199 2513
1 0.245 1] 0.245 0.955 2061 3.455 3] £.545 7.939 9.045

To select a polar plot, use the polar plot button @ after clicking on the Graph toolbar

button *F. The resulting plot is shown below, after replacing the names @ and r in the
appropriate placeholders:

270

The resulting curve is known as a cardiod (i.e., heart-shaped).

Tables and plots of multiple functions

The approach shown above for tabulating and plotting a single function can be
generalized to the tabulation and plotting of two or more functions. Try the following
exercise:

fil) = 2.5 sina2-3) B = 2.5-exp|:—[§]:|-cns(2xj a=-1 b=a n=40

_b-9

Ax Ax = 0157 j=0.n ro=a+ jhx v.=flx| =g
n ] ] ] ] ]
vl =X i, .= Tl =7
0,i7 i~ 2,375
o 1 2 3 4 5 E 7 8 9
M= |0 2142 2985 2827 2B7| 2513 -23BB| 2199 2042 1885 1728
1 O 0773 1483 2023 2378 28| 2378 2023 1483 0773
2| 4BBE[ 4319 386 | 2BOV| 1277 o 1193 -2211 | -2949( -3389

15



The plot of y-vs-x combined with that of z-vs-x is shown below. To produce this plot
enter x in the horizontal axis (the abscissas) placeholder, and type y,z in the vertical axis
(the ordinates) placeholder. The graph shown was enlarged by clicking on the graph and
then dragging the lower right corner away from the center of the graph.

To change the properties of the graph, click on the graph and then do a right-click with
the mouse. Select the entry Format from the resulting menu. The current (default)
settings for axes properties are shown below:

x]

Formatting Currently Selected X-¥ Plot
#- Axes | Traces | Labels | Defaults

[JEnable secondary ¥ axis

Frimary ¥ Axis | Secondary ¥ Axis

A-fxis

[JLog scale [JLog scale

[ arid lines ] [ arid lines |
Mumbered Mumbered

Auto scale Auto scale

[ show markers 1l [ show markers [l
Auto grid Auto grid

Mumber of grids:

Auis Skyle
(%) Boxed
(O Crossed
O Mone

[JEqual scales

Mumber of grids:

[ ok |l Cancel ” Apply H Help ]

Select the [ ] Grid lines in both axes (X-Axis and Primary Y Axis), and select Crossed for
the Axis Style. Press the [Apply] button to effect these changes in the graph. Then press
the [OK] button. The modified graph is shown below:

16



iy

Click on the graph once again, and do a right-click to select the Format window. This
time, however, select the Label tab, and modified it to read as follows:

Formatting Currently Selected X-Y Plot [El

| 5 fxes || Traces | Labels |Defaults |

Title

| Walkage -vs- time signals

(@ above (O Below

Axis labels

H-Ais: [tseq) |
Y- Ais: |V(volts) |

v2-dis: [ |

I 04 H Cancel H apply ][ Help

The fully-documented graph is shown below:

Voltage -vs- tume signals

)

WV (volts)
|
/

t (sec)

17



The following example illustrates the tabulations and plotting of two curves using a polar
plot:

fla) = 5-sinlB) gle) = 2511 - sinfs]) a=-n bh=% n=40
-
ﬁuc:=u hx = 0157 j=0.n Bj=a+dx =850 5= g8l
1n
Il =g i, .=rt. Il =z
a.j° ") Li ™7 2,177
0 1 2 3 4 5 5 7 a 3
n=|0] -3142] -2985| 2827 -267| -2513| 2356 -2199| -2042| -1.885| -1.728
1 0| o7sz| 1545| 227| 2939| 383| 4045 4455 4755 44938
2 25| zam| 3273| 3638 3969 42es| 4523] 472m| 4ava| 4969

The graph is shown below:

o0
120 . Al
150 30
T
— 1l&0 B 1]
E:
210 330
240 300
210

Using the Format option from a right-click on the graph, select Gridlines for both the
Radial and Angular coordinates, and Crossed for the Axis style in the Polar Axes tab.
Also, in the Labels tab, type the following title: Antenna radiation. To modify the plot
press the [Apply] and [OK] buttons. The resulting graph is shown below:

Antenna radiation
o0

120 60
150 30
I
— 120 —— I
s 345
' & 1 ¢ e
a0 el g
270
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Multiply-defined functions
Suppose that we want to define the function

| x-1], for x<1
f(x) = .
1-x, for x>1

Mathcad provides function if for this purpose. The following exercise shows the
definition of this function as well as a table and a plot of the same in the range -5<x<5:

fi5) :=if[x<1,|x-1|,L]
+ 1

h -
a=-3 h=23 n=10 m::=u hx=1
f

j=0.1n xj =a+ b 5rj = f|:cj| ZEI,j = xj Zl,j = 5rj
0 1 2 3 4 5 E [ g8 9
Z=o 5 4 3 2 1 0 i 2 3 4
1 E ] 4 3 2 1 05 0333 0.25 02

6__
S

.
2._

The if function has the general form if{condition, option true, option false). 1f condition
is true, then option true is selected. If condition is false, then option false is selected.

Consider now the following multiply-defined function that includes more than two
possibilities:

x-1 for x<0

f(x)={x*-1, for0<x<5

In this case it is possible to use a nested if function by re-defining the function statement
as follows:

19



x—1, for x<0, exclusively
f(x)={x*-1, for x<5, exclusively

1-x?, otherwise

Thus, using Mathcad’s if function you can write:
i F(x<0,x-1, if(x<5,%x>-1,1-x%))

The following figure shows the implementation of this function in Mathcad, including a
table and plot of the function:

) = iflx< 0, 1.iflxe s~ 1,1 -2

h—
I Gl R
i

a=—4 h==2& n=12 Ax:

i=0.n x=a+jhx = flu. Z_ =X, . =
! I Tl 0.j ¥

| g
bl
ki

Symbolic evaluation of calculus operations

Use the Calculus Toolbar button in the toolbar I% to produce the calculus toolbar:

Calculus

d

o
=

a2
== B

o
k3
=

Iy
I

Tlim
=T

:'Mﬁ
2o i@

*:-
7E]
+
1]

|

Tlim
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The Calculus Toolbar includes buttons for limits, first- and higher-order derivatives,
definite and indefinite integrals, summations, and products, as well as the infinite symbol.
To calculate a symbolic (as opposite to a numerical) result, instead of using the equal sign
we use the symbolic evaluation symbol —, generated by using Cntl . (control period) in
an expression. [Alternatively, the symbolic evaluation symbol (=) can be selected from
the Evaluation Toolbar (click the *= button in the toolbar)]:

Evaluati...

The symbolic evaluation symbol is the arrow located in the second row, first column of
the Evaluation Toolbar shown above (=).

The following example illustrates the symbolic evaluation of the derivative di(x3 -X).
X

First, select the derivative button (?"?) from the Calculus Toolbar. Then, type x in the
lower placeholder and (x’+ x) in the higher placeholder. Finally, enter the symbolic
evaluation symbol from the Evaluation Toolbar, or by typing Cntl .. The result is shown
below:

d—|x3 -z = 3-x2 -1

Using the proper symbol from the Calculus Toolbar and the symbolic evaluation symbol
(=) evaluate the following calculus operations:

e A limit that defines a derivative

fism sinx + k) — sin¥)

— cos(x)
h— 0 h

e A third-order derivative

3
%(exp{—x}-cns(x}j —(-De * sit¥) + 2g x-n:n:ns(xj
it

e An infinite sum

T8
_

| —
[= 0



e A symbolic product

1
n —{n+l)n

H F =z

Ir=

¢ An indefinite integral

ds — atary s)
1+

e A definite integral with an infinite limit

o0 1

2 —

X 1 2

expl—| — ||dx— —-27 =
xpl[zﬂ 2

e A definite integral with symbolic limits

ta | —

1 1

|3 — —
1 2 2
— - 2p - 2a
J G

cl

In the last expression we borrowed the square-root symbol (") from the Calculator
Toolbar, which is activated by pressing the Calculator Toolbar button in the toolbar

8. The Calculator Toolbar is shown below. It includes symbols for trigonometric,
logarithmic, and exponential functions, square root, any root, inverse, square, power,

7, factorial, i (the unit imaginary number), improper fraction ('7), the 10 digits,
parentheses, and the four fundamental arithmetic operations.

Calculator
sin cos tan In log
<
( ) X2 X‘T’

hl

EH

=

i
i
*
7
4
1

O kMm@
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Numerical evaluation of summations, products, and integrals

Summations, products, and integrals with numerical limits can be evaluated by Mathcad
if we use the equal sign after the corresponding operation. Some examples are shown
next. In each example we show both the numerical and the symbolic evaluation:

10 10
1 1 1962320
N — =155 N ==
2 o2 1270080
k=1 k k=1 k
5 ; 5
H [s:(s—1)] = 288 » 10 H [s-(s - 1)] — 2820
s =2 e =2
2 2
1 1
—— dx = 1107 —gdx—> atan(Z)
1+x 1+x
0 0

In all the examples above the value of the operation converges to a finite result. If the
operation diverges, a numerical evaluation would be inconclusive and Mathcad will
provide a no-convergence message. The symbolic evaluation shows the result being
infinite:

1 1
—dx=ua —dx

l—x-l 1-x

|Thi5 calculation does nok converge ko a solution. |

Calculus operations on user-defined functions

Users can define functions in Mathcad and subsequently use the operations in the
Calculus Toolbar to calculate limits, derivatives, summations, products, and integrals.
Other functions can also be defined based on those calculus operations of user-defined
functions. In the following example a user-defined function f(x) is used to define a
second function fp(x) =df/dx, and tables and plots of the two functions are produced:

726 = 2 exp) fplE) = iﬁ::c:] a=-2 th=12 =10 Ax:= b-e hx=04
dx n

j=0.. =a4 b = flx. s .
i n xJ a+ j-hy 5.rJ |xJ| zJ fp|xJ|
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0 1 2 3 1 5 g 7 5
- [0 =z 16 12 g 04 0 04 e 12
1| 0271| 0323 0361| 0359|0268 ol o5a7| 178| 2094
2| 01| 0121 08| 009|040z 1| zos3| 4005| 7304
i
2
¥
— 1
=
1 1 0 | 0
_1|:'__

In the following example we attempt to repeat the last exercise for a multiply-defined
function:

fx) = iflx<0,x-1,iflx< 5811 fo(d) = L)
d

b —
a=—-4 th=% n=12 ﬁ';:«::=u Ax=1 j=0.n xj:=a+j-ﬁx

= flun t. = fi)x. S L= S =, o =t
vi=fwl |y 0,] ¥ 2,j

[ This calculation does nok corverge to a solution, |

Notice, however, that evaluating fp(x) =df/dx in the range selected fails to converge.
You can check that the problem occurs at fp(xg), i.e., at xo = 5. The problem is that the
derivative of this function is doubly-defined at that point. Thus, with the range of values
of x as defined above we cannot produce a table or a plot of the function. To avoid this
problem we could re-define the range by adding, say 0.1, to a and b, i.e.,

f) = iflx < 02— 1iflx < 5,60 - 1,1 - o] (%) = )
dx
‘h_
a=-39 h=81 n=132 ﬁx:=( 2 Ax=1 j=0.n xj:=a+j-i1x
I
= fjx. = X S = Z, =, Fo .=t
Fp=figlo =Ty 0,i°% 1,17 2,
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The table of values for both f{x) and fp(x), as well as a plot of the two functions, is shown
below:

-4.9 -3.9 -2.49 -1.9 -0.99 0.2 341 8.51 1581 -25.01
2 1 1 1 1 0.2 2.2 4.2 6.2 8.2 -10.2

—_

H|\.q
1

J=

1

[35)

[

~10G+

Symbolic evaluation of derivatives in user-defined functions

If the user-defined function uses a single expression, the symbolic evaluation is
straightforward (recall that we use Cntl . [control period] to produce the symbolic
evaluation symbol —):

PeET s %xg(:{j o2

Symbolic evaluation of a multiply-defined function (using Mathcad function if) is not
allowed, e.g.,

i) = iflx <05 1,iflx< 5,82 - 1,1 - 22 j_x@_>

—| This walue must be a scalar, |

One possibility is to apply the symbolic evaluation operator to each expression in the
multiply defined function as illustrated below:
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d_(x_ =1 far x<0
dx

d_'xg 1! =2y for O<x=<5

d | 2
i B ol B T for x=5
(-2

Thus, the derivative function could be defined as follows:
fpld =iz < 0,1, < 5,2-%,-2-20

Functions defined by summations and integrals

Consider the function g(x) defined by a single expression. The following exercise shows
two other functions gs(x) and gi(x) defined in terms of a summation and an integral of
function g(x). This case is straightforward. As shown below, the symbolic expressions
for functions gs(x) and gi(x) can be easily calculated using the symbolic evaluation
symbol —:

A :=x2—1
i : 1 1 5001
gs(x) = N gk N g[:kj—>—-(x+lj3——-(x+1)2——-x+—
) o 3 2 & f
k=1 k=1
X X 5
gil’x) Z=J- g dt J- gHdt =¥ -x +
0 0

An attempt to define a function with the integral of a multiply-defined function fails:

24

X
f3) :=if|x<:lil,x—1,iflx<5,x2—1,1—x J fs) ds—
0

As we did in the case of the derivative of a multiply-defined function, we can define the
symbolic integrals separately by range, i.e.,
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bt
j (s—-1ids = -0+ l-:»:2
0 2

for x=0
* 1
J- Isz—llds—:»—-xE—x for O=x=<5
0 3
* 1
j Il—szlds—>_—-x3+x for x=5
0 3

Then, we can put together the integrated function, fs(x), as follows:

1 1 -1
falx) = Lfiix-: 0,0-3 + E-xz,if[x-: 5,5-:{3 - :xc,?-:»:3 + :::j:|

A table and graph of the two functions, f(x) and f$(x), are presented below:

0 1 2 3 3 5 G ?
z-[0 3. 2.9 13 03 01 1.1 21 31
i 43 33 239 18] 093] 02 3,41 .61
2|_11505]  7105] 3705|1305 01| 08s6|  0gr|  B&d
1957
. I 5 0 1o
I
-1001
i

The same result can be obtained by defining the integrated function fs(x) as follows:

x
i) = iflx< 0,x-1,iflxc 50 -1,1-%)] £3(x) :=J £ ) ds
0
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Functions defined by a Given-Find block

This approach is useful if you need to calculate an implicit value in an equation. A
typical case is the Coolebrook-White equation used to calculate the friction factor in a
pipeline. The equation is given by

1 [ & 252 ]
— =-21log +
N 37D RefF

Where f'is the friction factor, Re is the Reynolds number, e is the absolute roughness of
the pipe, and D is the pipe’s diameter. Due to the complex nature of the equation, it is
not possible to solve for fexplicitly. A Given-Find block can be used to solve for f'if the
values of Re, e, and D are known, as illustrated below:

B= 0.0001 AR"'&: 1-1EI? D=03
Azsuming: f=002
Given e 252
— = -1.log +
JF 37D Reff
£:= Find(f) f=0014

It is possible to define a function ffact(e,D,Re) as follows [ffact stands for friction factor]:

8 2.52 ]
37D Reyff ffact(e,D,Re) = Findif)

JE

Initial guess forf f:=002 Civen 1
< 2o

A couple of evaluations of the function are shown below:

iy 3

ffact|0.001,025,1 = 107 = 0.029 ffact|0.000001,1.5,1.10° ) = 0018

We can use function ffact to calculate the velocity of flow Vin a pipe of length L,
diameter D, absolute roughness e, if a fluid with kinematic viscosity v produces a head
loss hx.  The equation to use is the Darcy-Weisbach equation defined as

2

<

h, = f

b

L
D 2g

N
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where f = ffact(e/D,Re), and Re = VD/v. To set up the equation for solution in Mathcad
we can write the Darcy-Weisbach equation as:

2
hf = ffact(31v DJLV_
1% D 2g

A solution for the velocity is shown next:

2
vo=1x10 6-ﬁ— g = [0.0001-ft D= 051t L= 100-ft hf =101t

a St A

Rl

ger
ol PRI T
D v /D Zg

¥ = Find(¥) V= 4642 2
E

Assume; V=23
Aty

Civet

2]

K

The Darcy-Weisbach equation, written in terms of the discharge Q, is

2 2
h, = 8MQ _ frae &, 4Q | BLQ
7°gD D nvD) n°gD

Where Re = 4Q/(zvD), and Q = (zD*/4)V. Solving the example given above in terms of
the discharge produces the following Mathcad result:

e=00001f  D=05f L=100f bf=10R
s

Assume: Q=10 —

Civet

2

hf = ffact E, 40 -EILIQ
D onwD 2 A

n -g-D

3
Q=Find(Q  Q=00852=  and =39 Voagn™

W
. Fers
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Symbolic manipulation of algebraic expressions

The menu Symbolics in Mathcad contains functions for manipulation of algebraic
expressions, e.g., Simplify, Expand, Factor, and Collect. To illustrate this point, type in
your worksheet the expression:

Then, click on the expression and drag the mouse through it highlighting the entire
expression. The expression should look like this:

Select Symbolics>Simplify while the expression is highlighted. The result is a new field
in the worksheet with the simplified expression, i.e.,

P 2
I +yity

Using text (), and dragging fields around the worksheet, you can document and
manipulate the operation once it is performed to make it easier to follow, e.g.,

3 3
The fraction

simplifies to xg + W+ 5;-2 using Symbolicss Simplify
=y

Here are examples of the functions Expand, and Factor after manipulation (the operation
of these two functions is similar to that of Simplify, presented above):

The square (% - 3rj2 expands to . Zyx+ 3r2 using Symbolics=Expand

The expressian ng,r - 2-:-;-5;2 can be re-written as wy [y +x  using
SymbolicssFactor
.
The commands Simplify, Expand, and Factor can be activated using the Symbolic

Keyword Evaluation symbol ==, available in the Evaluation Toolbar *=. This symbol
can also be obtained by using Cnt#/ Shift . (control shift period). Activating the Symbolic
Keyword Evaluation symbol produces the following field:
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)=

|This placehaolder is empky, |

The first placeholder (to the left) is where the expression to be operated upon is written,
while the second placeholder is for the user to type the operation to be performed (i.e.,
simplify, expand, or factor). The preferred filling of the placeholders is from the right to
the left, thus, first type the operation name, e.g., expand, and then type the expression to
be expanded, e.g., (x-y)°.

Repeating the exercises shown above with the Symbolic Keyword Evaluation symbol, we
get the following results:

3 3
r-y

sitnplifyy — x2 + yvx+ 5,r2

(x = yjz expand — :nc2 -2+ 5r2

2 2

¥ oy - 2wy factor = oy (-3 v+ 1

The command collect can be used with the Symbolic Keyword Evaluation symbol, by
typing collect followed by a comma and the factor used for collecting terms. For
example, in the following result we used collect,x2 to collect all terms with x° in the
expression shown:

xz + }{2-5?' + xg-z +xz n:u:u]leu:’r,,:{2 —=(1+7v+ zj-xz +xz

To produce a vector of polynomial coefficients, use the Symbolic Keyword Evaluation
symbol, typing coeffs followed by a comma and the polynomial variable. The following
examples show the coefficients of four third-order polynomials:

I 1]
1] 1]
:c3 coeffs . x — . :c3 + 3-x2 coeffs,x — .
1 1
1] 2
-2 -2
:c3 + 3-x2 - 2% coeffs,x — . :c3 + 3-x2 - 2%+ 2 coeffs ,x —

Notice that the vector of coefficients is filled vertically downwards from the lowest to the
highest powers of the polynomial variable.
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Roots of a polynomial

The following application illustrates the use of the polynomial coefficients operation in
the calculation of the roots of a polynomial. First, the polynomial is defined as p(x).
Then, the polynomial coefficients are stored in variable v by using the Symbolic Keyword
Evaluation symbol == and coeffs. Finally, function polyroots is used to calculate the
roots of p(x):

2
-5

4 302
=2 —-2% +x -5x+2 vo=pl¥) coeffs,x — | 1
-2
1

-0372 + 1.3%4

i 159 -0372 - 13941
t = polyroots(¥ t=
post 0412

2333

Notice that two of the roots of the polynomial shown above are complex numbers,
namely, -0.372+1.394i and -0.372-1.394i. The polynomial has two real roots, 0.412 and
2.333.

Visualizing the roots of the polynomial

To visualize the real roots, we can produce a plot of the polynomial. In the following
example, we produce a range for x, namely, x.=0,0.1...3 (i.e., x := 0, 0.1,3), and a range
for j:=1,2,...,4 for the indices of . The plot is produced with the abscissa placeholder
containing x and 7;, and the ordinate placeholder containing f(x) and f{7;). To highlight
the roots, make sure that, after the plot is produced, the Format tabs are as shown below:

Formatting Currently Selected X-¥ Plot g| Formatting Currently Selected X-¥ Plot
#¥ Axes | Traces | Labels | Defaults %Y Axes | Traces | Labels | Defaults
Spmbol Symbal . Line

: Primary ¥ Axis | Secondary ¥ Axis Lzt Frequency Sl ‘weight Line wheight Lo
#-hiis polyromial 1 1 1 ~
[Log scale [Log scale raots =] 1l 1
[ aridlines | [ arid lines | trace 3 1 1 1
Mumbered Mumnbered trace 4 1 1 - 1
Auto scale AUk scale trace 5 1 1 [— 1
[ 5how markers 1l Show markers [l trace B 1 1 1
Auko grid auko grid trace 7 1 1[- = 1 v
Mumber of grids: Mumber of grids: < L4
Axis Style Lidelegend
) Boged [JEqual scales
(®) Crossed
O [one

[ QK H Cancel ] Ok H Cancel

The results are shown in the next page:
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x=0,01.3 j=1,2.4

30
0
Rl
— 10t
ply;l
R gy : : : : |
0 05 —t— 15 ___2—" 125 3

_ID_-

Symbolic solution to single equations

In this section we present two methods for the symbolic solution of single equations. The
first method consists of using the Symbolic Keyword Evaluation symbol (control shift
period) with the keyword solve. As an exercise, try the solution of the polynomial
XH10xX°+19x-30 = 0, as follows:

Type Cntl Shift . (control shift period)

In the second placeholder type solve, x

In the first placeholder type the polynomial x’+10x’+19x-30 Cntl = 0
Click outside of the expression

Ll A s

The result is the following:

x3+ 1I:I-x2+19-x—3lil=|:|snlve,x -1 |=1

This result indicates that the polynomial has the roots x = -5, x = I, and x = -6.
The second method of symbolic solution uses a Given-Find block as illustrated below:
Civen
x3 + llil-x2 +12x-30=10

Find(x) = (-5 1 —-6)

The arrow after the Find particle is produced by typing Cntl . (control period).
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Symbolic solutions need not produce numbers as results. As an example consider the
equation V> =V +2as. Suppose that we want to solve for the variable a. In such case,

we can use one of the following approaches:

1 — Using solve:

|2 2
Vz =vﬂ2 + Z-assolve,a — EIV—HD
g

2 — Using a Given-Find block:

Civen
vz = vﬂz + 2asa
2

2
R
Fi.-nd(aj—:»?-v—

Symbolic solution to systems of equations

The two approaches shown above for symbolic solutions of single equations can be used
for solving systems of equations, if the equations and unknowns are grouped as column
vectors. Consider the following system of equations whose solutions are numbers:

2,4 x r
S LIS s::nlve,[ ] —
ry=6 ¥ -4 -3

-3 -2

To write this expression follow the steps shown in the first example of the previous
section, except that you will need to type arrays before and after the solve particle. To
enter an array, type Cntl-M and select, for this case, 2 rows and / column. Then replace
the placeholders with equations or unknowns.

A solution of the same system of equations using a Given-Find block is shown next:

iven
x2+3r2=13
Ty =i
Find(x.5) 32 -2 -3
ind(x, ) —
¥ 23 -3 -2

The solutions shown above correspond to the pairs (x,y) = (3,2), (2,3), (-2,-3), (-3,-2).
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Symbolic solutions of systems of equations need not be numbers, as illustrated in the
following example. The equations listed to the left are those for position and velocity in
a uniformly-accelerated motion. The expression below uses Cntl Shift . (control shift
period) and solve to solve simultaneously for v0 and a:

1 2
=l + vt - —-at wll 1 tv+2x-20 -2 x—ul-tv
2 golve, - | = —
a 3 t 3 2
=+ at t
. vt +2(X— X 2
The solutions to the system are: v, =%, a:—3t—2(x—x0 —wt).

An alternative solution is shown next using a Given-Find block:

et
1 2
=+ vlt- —at
2
v=vl+ at
1 tw+ 2x-240
3 t
Find(+{,q) — I .
3 2

1

The following example shows the solution to a system of linear equations. Since the
solution is symbolic, the results are given as integers or fractions:

2x-3y+4dz=35 x

1 -4 3
Jx-Idv+z=3 golve, = — — —
¥ ¥ [34 17 34]
x+y+z=1l z

Given-Find blocks can be used to produce symbolic (=) as well as numeric results (=)
for systems of linear equations. The first example shows a symbolic result.

Civen

2x-3y+4z=5

Si-2y+z=3
i+y+z=1
11
34
Find(x,v,2 — -
17
3
34
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A numerical result requires a first guess for the unknowns:

Civren
2x-3y+4z=5
Sr-2y+z=3
t+y+z=l
0324
Find(x,v,21 = | 0233
0912

Working with complex numbers
To enter the unit imaginary number while typing a complex number, use /i instead of
simply i, e.g., type the following complex numbers z/:=3-2*1i and z2:=5-3*[i. The
result is the following values:

zZl =3 -2 Z2=5-31

Some basic arithmetic operations using these complex numbers are shown below:

zl=3- 24 22 =5-3i
zl +22=8 - 5i l-zl=-2+1i
. zl .
1zl =9- 15 = = 0618 - 0029
22
L 0231 + 0154 2
a1 SR S

Trigonometric, exponential, and logarithmic functions can be applied to complex
numbers, e.g.,

sin(zl) = 0.531 + 3.591i acos(z2) = 0.547 + 2453

exp(zl) = -2.350 — 12264 In(zZ) = 1.763 - 054

The absolute value function (use |) provides the modulus of a complex number, whereas
function arg provides the argument. Functions Re and /m represent the real and
imaginary parts of a complex number. To calculate a complex conjugate, type the
complex variable name (or complex number), and press “. Some examples are shown
below:

|z1| = 3.606 argrzl) = —0.522
Refzly = 3 Im(zl) = -2
21=3+% 2=5+%
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A complex number of modulus # and argument 6, can be written as z = r¢'?. This is
referred to as the polar representation of the complex number, as opposite to the
Cartesian representation, z = x+iy. The following example shows the definition of a
complex number in polar representation and its equivalent Cartesian representation:

=25 24 =2165 - 125

Complex solutions to equations

If an equation has a complex solution, it is possible to use a Given-Find block, with a
complex initial guess, to find that solution. This is illustrated with the following
examples:

x=1+1

iven

:::2 -4x+13=10
& = Find(x) x=2-3i
Graphics of matrices (example using complex functions)

A complex variable is the variable z = x+iy = re’’. A function of a complex variable F(z)
is also a complex variable, and so it can be written as

F(z) = ¢(xy) + iy(xy) = ¢r.0) +iy(r,0
The following exercise shows how to plot the real and imaginary part of the complex

function F(z) = 2", by creating a grid of values in x and y. The values of x and y
generated below are vectors, which are used to put together a matrix of values

Zij = Xi + lyj.

The values of the complex function are stored in @;; = F(z;;). The values of ¢;; and v;;
are matrices containing the real and imaginary parts of @;;.

1

’_P"_gz = z2
HM: s M=HW er.n = -4 Xma.x =14 Ym.in = Xmm Ymax = Xma.x
A ¥, -,
hp= —m T Ax=03 hy= —s T 4y =02
H i)
1=0_H %= iy + i i=0.M 7= Vo + by
zi,j =X + Erj.i E«l:] = Flzi,jl ¢i,j = Rel-:I:-i?jl wi,j= Im":I:'i,j'
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To visualize these values we can use either a surface plot & , or a contour plot . These
plots are available from the Graph Toolbar which can be activated by pressing the Graph
Toolbar button in the Mathcad toolbar ’al"z. These two graphs have a single placeholder.
Type the name of the matrix to be plotted in that placeholder. The figures below show
the real part, ¢, and the imaginary part, y, of the complex function F(z) in the form of
surface plots.

b y

The same data is plotted next using contour plots:

50 a0

40 40

20~ 50

20 20

10| 10

o || | I I o | | I I

0 1a 20 30 40 A0 ] 1a 20 30 40 A0

¢ v
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Visualization of potential flows using complex functions

In the description of potential flow, a function such as F(z) is referred to as a complex
potential (or complex velocity potential), #(x,y) is the velocity potential, and —y(x,y). The
contours of ¢(x,y) represents the equipotential lines of the flow, while the contours of
represent the streamlines of the flow. The combination of these two plots represents the
Sflow net of this flow. To produce a flow net, produce a contour plot and type ¢, in the
placeholder. The first version of the plot would actually show a contour plot combined
with a surface plot, e.g.,

by

To produce a double contour plot, click on the plot, do a right-click and select the
Properties option. In the resulting form, click on the Plot 2 tab, and select Contour Plot,
then press the [OK] button. The resulting graph is the flow net of the flow corresponding
to the complex potential F(z) = 722

a0

40

30—

20

10

a0 10 20 30 40 A0
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Vector field plot for flow velocities from a complex function
The function w = dF/dz is referred to as the complex velocity, and is such that w = -u+iv,
where u and v are the velocity components of the flow. The following commands use the

Vector Field Plot button ( [>2 ), in the Graph Toolbar. The grid for the vector field was
generated in a similar fashion to that used in the previous exercise, but reducing the
values of M and N to 0. The complex velocity matrix is w;j, and it’s calculated using the
negative complex conjugate of w(z). The function used for this case was F(x): =7

d -
wiz = —Fi(z Wi = W% .
S s “J LI of,j= -0

wl AAAAPEYRRRK
AAA P NN RY
A AP F YN e
e o Y LT T T
5= e —m F F i - b = - a— e
Tdh, T R s W 1 F N AT &
B T T T T
. MuNN Y PP
T SNV ¥y
0 5 1n

A combined plot consisting of the contour plot of f{x,y) superimposed to the velocity field
is shown next. Notice that the streamlines are tangential to the velocity vectors:
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Additional matrix plots
While the examples shown above were derived from complex functions, matrices can
created by typing in values into an array. To define matrices use the Vector and Matrix

Toolbar activated with the Vector and Matrix Toolbar button in the toolbar . Within
this toolbar press the Matrix or Vector button [ Select a matrix with 6 rows and six
columns assigned to a variable M and enter the values shown below (or other values, if

you want). Then, define a matrix N = 2M-3. Use the surface plot and contour plot
buttons in the Graph Toolbar to produce the plots shown below.

1234548 -113 5 70

2358 21 1 37 8 1 -1

3456 53 3 sT 973
= Mo=2M-3 M=

24867483 o 1 59119 3

2345683 1 357 8 3

123464 -113 3 8 5

G
\
\
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A matrix of velocity vectors can be defined by using V = M+N*[i. A plot of the velocity
vectors is produced by using the Vector Field Plot button in the Graph Toolbar:

Vo= M+ N

A
N
,—*

N N
N Sy
NN Ny
NN

NNy %

2 ” o
- F F -
0 - A - -
T T T T
] 2 4 f
W

A second example of a vector field plot is presented next. Velocity components u(x,))
and v(x,y) are given, and arrays of values of x and y are generated to populate a grid in the
x-y plane. Velocity vectors U;; and V;; are generated as

Uij = u(x;y;) and Vi; = v(x,.y)).
To plot the vectors it is necessary to create a complex matrix

Wij=Uij+ iV

Then, a Vector Field Plot is generated by typing W in the graph placeholder:

uxy)l = x+y LESIIER Sy
bh-a ) .
a=-3 h=73 n:=10 Ay o= Ax=1 i=0.n xi:=a+1-i1x
n
d-rc ) .
=5 d=3 m =10 by = by = j=0.n j.rj:=-:+_1-ﬁ3,r
1m
Hj,j = w53 A, i V5 M= Uit
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Entering data into a matrix

Suppose that we are going to bring in into Mathcad data from a text file. Say that the
data is available as a matrix in the text file elevation. txt, which looks as follows:

EOX

[ elevation.txt - Notepad
File Edit Format Miew Help
.5 4.2 5.1

The easiest way to enter data is to use the Data Import Wizard (Insert>Data> Data

Import Wizard). The resulting input form is the following (after browsing for file
c:\elevation.txt). Press the [Next] button three times to go through a number of options

for reading the file. Then press the [Finish] button. The result is shown below.
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M =

File Options

Data Import Wizard

File farmat:

Enter the name of the file which will be
agzociated with this companent:

Delimited Text A4

E3

| C:helevation. et

| [ Browse

Use relative file path

[ Display as jcon

[ Mest>

| [ Finish

] [ Cancel

1] 1 2 3 4
1] 1.2 23 35 4.2 5.1 6.4
1 23 45 42 5.6 6.7 8.2
2 26 48 43 5.8 7.2 9.8
3 3.4 43 a1 E.5 8.2 9.2
4 5.E 55 EY g2 £.2 8.2
5 43 45 56 7.2 8E 72

Type M into the placeholder to make an assignment to a matrix M.

0 1 2 3 4
1] 1.2 23 3.5 42 5.1 6.4
1 23 4.5 42 5.6 6.7 8.2
2 26 4.8 413 5.8 72 9.8
3 3.4 4.9 5.1 6.5 8.2 9.2
4 5.6 5.5 E.7 8.2 E.8 8.2
5 43 45 56 72 8.k 7.2

Once entered into memory, the data can be manipulated or plotted as needed. Surface

and contour plots of matrix M are shown below:
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Operations with matrices

The Vector and Matrix toolbar contains some functions that can be used to manipulate

matrices.

For example, for the matrix M, entered above from file elevation.txt, we can use function
M to calculate the transpose of the matrix, or function M~ to extract columns of the

matrix:

12 23 26
23 45 48
35 42 49
T |42 56 352
51 67 732
64 22 98
32 42 65
42 51 61

In the following exercise, we store the transpose matrix in variable M7 and extract

columns of matrix MT:

MT =M

34
459
a1
6.5
21
Q1
23
¥

56
535
6.7
21
6.2
21
a5
21

Makrix
(i) =, " 1=l
i H{} HT me.n
a1 gt Bu

473
4.5
by
¥
26
72
.3
41

M,[.{3}

34
49
Al
6.5
32
9.2
0z
T2
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43
4.5
38
T2
a6
T2
6.5
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Determinants and inverse matrices are only applicable to square matrices. In the
following exercise we define a square matrix A and calculate its matrix inverse (X ') and
its determinant |X]:

1 -2 4 -0.147 0266 0.056
a=|6 -3 2 a”1 o] —0154 0231 0154 |&] = 143
AP

-2 9 1 021 0049 0063

Addition, subtraction, and multiplication of matrices are illustrated in the following
examples:

1 -2 4 3 -4 2 4 -6 6
A=|6 -3 2 B=|% -2 -5 A+B=|14 _5 3
-8 9 1 4 2 0 -4 11 1

-2 2 2 308 12 -7 24§
A-B=|-2 -17 AB=|2 -14 27 BA=| 36 -55 23
-1z 7 1 52 16 -6l 16 -14 20

For term-by-term operations, use the Vectorize function (‘ﬁ), e.g.,

4 -6 & 3 8 8 2 2 2

e —  —

(A +By=|14 -5 -3 (AE1=| 48 & -10 (A-Ey=|-2 -17
-4 11 1 -32 18 0 -12 7 1

Matrices used in the solution of systems of linear equations
Given the set of linear equations

X—2y+4z=22
6x -3y +2z=17
-8x + 9y +z=42

it is possible to write the matrix equation Ax = b, where the matrix A and the column
vector b are defined as follows using Mathcad:

1 -2 4 22
=B -3 2 b= 17
- 81 42

The solution of the matrix equation is calculated using x = A™'b. Using Mathcad:
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3436
x=4 "h X= T
2091

Thus, the solution is x = 3.636,y = 7, z=8.091. To verify the solution, try:

xcheck = A-x xcheck=| 17

Eigenvalues and eigenvectors of a square matrix

Functions eigenvals(A) and eigenvecs(A) are used to calculate the eigenvalues, A, and
eigenvectors, x, of a matrix A. The eigenvalue problem is described by Ax=Ax. An
example of eigenvalues and eigenvectors calculation is shown below. The result from
the eigenvecs function is a matrix with eigenvectors in its columns.

1 -2 4 -5.828 05 0707 -03
=4 34 eigenrvalal ) = 3 eigenrvecs(A) = | 0707 0 0707
4 21 -0.172 -05 0707 05

These results indicate that the eigenvalues and eigenvectors of the matrix A shown above
are:
A1 =-5.828, x; =[0.5, 0.707,-0.5],
A2=5,%,=0.707,0,0.707], and
A3 =-0.172, x3 = [-0.5, 0.707,0.5].

The generalized eigenvector problem is defined by Ax=4Bx, where A and B are square
matrices of the same dimensions. Mathcad provides functions genvals and genvecs to
calculate the eigenvalues and eigenvectors, respectively, of the generalized problem.
Consider the following example:

1 -2 4 3 -1 35
&= -2 -3 2 B=|-92 0 4
S
4 21 2 -1 4
-0.038 0669 0338 0.048
getrvals( A B = | 0461 getrvecal A B = 1 0237 1
-15.1481 oedd4 1 018

These results indicate that the eigenvalues and eigenvectors for the generalized problem
with matrices A and B as shown above are:
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A1 =-0.038, x; = [-0.669,0.358,0.06],
A, =0.661, x, =[0.358,0.257,1], and
A3 =-15.161, x3 =[0.06,1,0.18].

Operations with vectors

Besides the addition, subtraction, and matrix multiplications, vector operations include
the dot product (%), and the cross product ( #**) for three-dimensional vectors. Some
vector operations are illustrated below. The absolute value operation produces the length
of the vector. (Make sure that you don’t use the Determinant (|x|) operation from the
Matrix and Vector toolbar.) The operation v represents the sum of elements of the
vector.

-3 2 -1 -5
u=| 2 vi=| -2 u+w=|10 u-v=| 4 lu| = 6164  |v| = 4123
5 3 8 2
-1 -6
16 - — —
— nwve| 10 _v=3 (u++1=|0 (uv=|-4
. g 13

Operations with elements of matrices and vectors

Use sub-indices to extract elements of matrices and vectors. Sub-indices can be entered
by using the sub-index button ( *z) or by using [ after the variable name. Some examples
of operations on elements of matrices and vectors are shown below, using the matrices A
and B, and the vectors u and v, described above:

Ao =12 BE,Q*—‘%E,I:’S u1+v2=5 BEI,1+HIJ,EI=D

1,2

Recall that, by default, indices in Mathcad start at 0, rather than /. [Note: To change the
origin of array indices to 1, type ORIGIN:=1 before using the array.]

Data fitting using vectors (/infif)

The following example shows the fitting of discharge (Q) and head (H) data to a
quadratic equation of the form H = a + hQ + ¢Q’, given three data points as shown in the
worksheet. The values of Q and H are entered as column vectors. Function F(Q) is a
vector function showing the functions whose linear combination will produces the fitting
function sought. The data fitting is obtained by using function /infit. This function
requires the following arguments: the vector of values of the independent variable Q, the
vector of values of the dependent variable H, and the vector of functions F(Q). The
coefficients that accompany each function in F(Q) are obtained by using

S :=linfit(Q,H,F)
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The function to be used for calculations is obtained by using h(Q) := F(Q)-S. A plot of
the original data and the fitted data is also shown to verify the fitting.

Determination of the H-O equation for a centrifugal pump. @ in gpm, H in ft.
Data from Figure 1223, Water Resources Engineering. Linsley and Franzini.

Data: ind.var.; dep.var.: fitting functions: obtain constants: k=0.2

0.0 1600 1 160

Q=| 3000 H=| 1400 Fo=| ® 5= tinfit(Q,HF) 5= 0.0z
1000.0 60.0 o RETRI

Recover function hig):

B(Q) = F(Q)-8

Equation:  Hrf) = 160 + 002-Qgpa) - 12107 (Q(gpri)”

Plot h-g ariginal data and fitted quadratic equation:

M=10 gy = 10000  Ag:= N j=0._H qj = jhg .&j =h| qjl +

200 T T T T

I I I I
0 200 400 &00 200 1000

g5,y

a0

As a second example of application of /infit consider fitting x-y data to a power function

of the form
y = ax’.

Since linfit requires a linear combination of functions, we could take logarithms of the
equation and write it as

In(y) = In(a) + b In(x).
Thus, a linear fitting for this case would be the function ¥ = A + b In(x), with A = In(a)

and Y = In(y). The following Mathcad demonstrate the use of function /infit to recover a
power function:
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Criginal data: haodified dependent variable values:

4.5 L 3.669
32 17.5 2.862
1= 42 yo=| 91 = Iy V= 2208
56 49 1.589
71 32 1.163

Function for fitting ¥ = A + b infx):

__[ 1 ] S it T b S_(j.?zs]
B = tr %) o= Bofie, Y H 234

The coefficients 4 and b follow from the elements of vector 5

&o=5 &= 5738 b=3 b= -2346
seer 1

The power fitting requires that:

a=explh)  a=310482 i€ = a-xb
Ta plat the fitted data we create a vector xx: wm=1,21.8
100 | |
|%|r|:||:|
a0 -
3 2ed)
I:I I
2 4 & g
X,

Curve interpolation with splines

Mathcad provides functions cspline, pspline, and Ispline to perform cubic, parabolic, or
linear spline interpolation. These functions require vectors of data x and y as arguments,
and return a vector of coefficients for the splines. In the following example, we use cubic

splines, and calculate the spline coefficient vector vs := cspline(x,y).

Function interp is used to interpolate data out of the fitted splines. The call to interp is
interp(vs,x,y,xref), which returns the interpolated value of y at x = xref. The example
below shows also how to use function interp to plot the fitted cubic splines:
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Original data set:

Fitting with
cubic splines:

=pline coefficients:

1]
3
12 34
2
24 42
r 15 - -11.931
= . = . W5 = CE BlX, Ve =
d A ~2.451
36 6.7
6,239
72 22
—3843
Function interp interpolates data, e.g., forx = 2 -11.172
interplws x, v, =3
Function intern is used to plot the fitted cubic splines:
M=0 == Ar=02 n:=M n=40 j=0.1n
Az
wo= ) 4§ Ay 5?3?]. = 1'.nterp|vs,x,5r,m-:j|
1oy
vy 2 4 5 :
¥
ooo-qH
_ED__

The reader is invited to repeat this exercise using the parabolic (pspline) and linear
(Ispline) spline fittings. The graph below shows all three spline fittings and the original

data in the same set of axes:
/Erlf\.*:| - ﬂf'.//a—._\}'\ -

10y

LA
vl
¥ -l
ooo
_20__

3300, 30, By
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Surface interpolation with splines

Functions cspline, pspline, and [spline can be used to interpolate spline surfaces by using,
for example, the call cspline(M,z), where M is an nx2 matrix describing the x-y grid, and z
is an nxn matrix describing the surface values to be fitted. Columns 1 and 2 of matrix M
represent the values of x and y defining the grid upon which the values of z are defined,
i.e, zj; = flx;y;). An example of spline surface interpolation is shown below:

11 235
M=|2 2 z=(3 46 i = cepline I, z)
33 213
Y gy = M i=0.2 j=0.2
=
by . . = interp|ve,M,z, 07 .
i,j 7, i,]

Simple linear data fitting

Given vectors of data x and y of the same length, a plot of y-vs-x could suggest a linear
relationship of the form y = mx+b. In order to calculate the slope (i) and the intercept
(b) for the linear data fitting, Mathcad provides functions slope and intercept, i.e.,

m:=slope(x,y), b:=intercept(x,y)
A function yp(x):=m*x+b can be defined to produce the data fitting.

The following example shows the calculation and graph of a linear data fitting for force-
deformation data. First, the data is entered and a plot of the data is produced to check for
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a linear relationship. Subsequently, Mathcad functions slope and intercept are used to
calculate the parameters of the linear fitting. Finally, a plot of the original and fitted data

is produced.

Fitting farce-defarmation data, d = m™F+b, F(lb), d(1/100 inch)

35 152
37 224
12 01
."Eu"-: 273 d= 617 m= S].EIPE[:F,dj m=214
428 256 b= intercept(F ,d) b= 5343
563 1400 dpFl=mF+h
150 : I 150 T T o
100} a 100F o
. m] ooo
5 dp(F
ooo | | dp(F) sk -
oo
] | |
0 | | 1]
0 20 40 0 0 20 . 50
F F

As a second example of application of functions slope and intercept consider fitting x-y
data to an exponential function of the form

y = ae™.
This equation can be linearized by taking logarithms of both sides, i.e.,

In(y) = In(a) + bx

Thus, a linear fitting for this case would be the function Y = A + bx, with A = In(a) and Y
= In(y). Thus, for this case,

b: = slope(x,In(y))

A : = intercept(x,In(y)).

An example of fitting an exponential distribution is shown next:
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Criginal data: Madified dependent variable walues:

2.5 920 f6.824
32 550 6.31
=42 wo=| 300 Y=y Y= 3704
56 150 5011
7.1 75 4317

Slope and intercept of the fitting ¥ = A4 + bx
b= slope(x, V) b= -0.538 A= intercept(x,T) A =%13

The exponential fitting requires that:

a=expld)  a=3390x 1I:|3 viE) = a exphb-x)
To plat the fitted data we create a vectar xx wm=231.8
1500 I I
¥ 1000
ooo
i )

Solution of first-order ordinary differential equations
A first-order ordinary differential equation (ODE) is an expression of the form

Y'0) = flty®),

subject to the initial condition y(#y) = yy. An ODE of this type can be solved with
function Odesolve, within a Given block, as illustrated in the following example. Notes:
To enter the prime symbol in this case, use Cntl F7. Also, use Cntl = for the Boolean
equal sign:

Given data: fit, ) = L:e +ainft) D=0 vl =1

End solution at: tf =25 Mumber of points in solution: = 1000

Civen
¥ = ft, ) vt = vl

v = Ddesalvelt 1)
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The solution is available for evaluation, e.g.,
w11 =1975 w3 =309

or, it can be plotted as shown next:

1] ] 10

Other functions for the solution of ODE:s are rkfixed, rkadapt, and radau. The first two
are Runge-Kutta solutions, one with fixed steps and one with adaptive steps, and the last
one is used for stiff ODE systems.

Next, we illustrate the use of function rkfixed for numerical solution of a first-order ODE.
Function rkfixed is called using

S:=rkfixed(Y0,t0,tf,n,D)

where Y0 is a vector of initial conditions, 0 and {f are the initial and ending values of the
independent variable, n is the number of steps in the solution, and D(%,Y) is the derivative
function given in terms of the independent variable # and a number of unknown
derivatives Y. The equation is set up as dY/dt = D(t,Y), subject to Y(t0) = Y0. This
description assumes that the solution Y is a vector of values y(?), y’(?), y ”(t), etc. This set
up corresponds to the solution of an ODE of any order that has been transformed to a
system of first-order ODEs. This approach will be illustrated below. Here, we show
how to set up and solve the problem solved above with Odesolve, but now solved with
rkfixed.

The following results show the setting up of the solution, and the use of function rkfixed

to produce the solution matrix S. The values of 7 get stored into 7' = first column (0) of S,
while the solution y is contained in the second column (1) of S.
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I
—_
=
=

Sy

2

1
Dt = (
¥

J+sin(tj yl=1 =0 K =15

§M:= thfived(y0 10,1, 0, I

o I I I I
1] ] 10 15 20 25

T
The following table, generated using transposes of matrix .S, shows the first solution

steps. The remaining of the solution can be seen by clicking on the table and scrolling to
the right.

T 0 1 2 3 4 5 ] 7 8 3
= =[1 0 0.25 0.5 0.75 1 1.25 1.5 1.75 2 225
1 1) 1.233| 1463 1.709| 1975 2256( 2544 2828| 3034 | 333

Solving a second-order ODE with rkfixed

A second-order ODE of the form y () + a y’(f) + b y(t) = g(f), subject to the initial
conditions y(t0) = y0 and y’(¢t0) = y0’, can be re-written in terms of a vector of unknowns
U defined as follows: Let u;(¢) = y(f), and ux(f) = y (), then

ur'(®=y() = ux?),
w2’ () =y"(t) =g — a uxt) — b us().
In vector-matrix form, this is written as

d | ul(t) 10 1 u, (t) 0
ot |u,® | |-b -a] |u,®] | a®

We can now define the following vectors and matrices:
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0 0
oo-[28] w5, 4 - [a]

With the ODE system to be solved now being

U'(t) = AU(¥) + G(¢) = D(t,U(t))
Subject to U(t0) = U0 = [y0, y0'1".
This system can be solved with rkfixed as S:=rkfixed(U0,10,t/;n,D).

Consider the following case in whicha =2, b =1,10=0,y0 = 0,y0’ = 1, and g(t) =
sin(f). The following results show the solution of the differential equation

ym+2y @+ y@=sin@), »(0)=0,y(0) = 1.

The first column of S represents the independent variable ¢, while the second and third
columns represent y(¢) and y ’(¢), respectively. The two dependent variables are shown in

the graph.
._[D 1] t._[ D ] D._[D]
L "E;‘ )= sttt RS

=0 =20 n=100 DI =41+ 0D

ASM:= thfieed(TT0, 10, tF , 1, TN

o 5 10 15 20

This approach to the solution of a second-order ODE can be generalized to the solution of
ODEs of any order, as long as it is linear.
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ODE solution: gradually-varied flow (GVF) solution in a trapezoidal channel

The solution of gradually-varied flow (GVF) in open channels involves solving a first-
order ODE after calculating the normal and critical flow depths. An example of GVF
solution in a trapezoidal channel is described next. The figure describing the cross-
section was created in Paint and added with the menu option Insert>Picture.

Calculation of Gradually-Varied Flow (GVF} in a trapezoidal

channel.
“arahles:;
b: bed width _
fy: side slope ) T
y: depth 1™ A ¥
5,0 bed slope ey Ly
K coefficient for Manning's I h I
equations
[K=1.00=0, K=1489 (ES]] ¥gyag INitial position for calculation
n: hanning's n ung - Ending position for calculation
1 discharge oo . +
) . . Ay uniform step size
R0 M . number of cross-sections in
[g=9.81 (50, g=322(E3]] ' .
calculation

¥ initial depth for calculation, ie.,

dii]th at section x4 _ _
MAKE SURE YOUISE THE PROPER UNIT SYSTEM. Give the foliowing

data
b=152 myg=10 &, = 00009 k=10 n = 0.022 0 =107 E=1El

Z5. bed elevation at section g, 4

First, determine the type of uniform flow to be expected in this
channel.

Mormal depth (v ) calculation:

Assume  w=10

Civen 5

3
[l mr) ] - K
¥ El L = Find{g) ¥, = 3066
3
2
(b + 2w |1+ my )
Critical depth (y ) calculation: +
Agsume v, =10
Civen 3
2
[Ib + mH-j,rcl-Erc] Q _
== 3= Findiy,| v, = 1716

b+ 2-mg v, g
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G.MCF calculation follows, Determine the type of flow and backwater curve that is appropriate
according to the relative values of y_, ¥, and y,, and decide direction of calculation (upstream

or downstream). Fill in the following information:

* The slope is subcritical, calculation will proceed upstream with a curve type 3.

Give Hepagy = 100.0 Yuug = 0.0 H=100  _ Ted”
these = 4]
data: = -

ata ¥ 098 £, = 0.0 Ax= 1

Solution to the differential equation using the rsfived (Runge-Kutta) function in

Mathead:

[ 2
’ K 10

La| =

[lb + mH-j.rDryD:I 3 |

Dz, v = -
2

. [Q_]
=S

Z = thfiwed| ¥, Topary - g, LD

b+ E-mH-grD

I:I b+ g ¥y | -j.fn:lg

faaT
j=0.H
=] -9 - {:-- i
Zj,j : ZEI,E jhx3, bed elevation
Z.o.=Z.  +Z. <-- Wy 5
1.3 3.1 3.2 elevation

Plat channel bed and free survace profile (not to

The function Dix,y) defines the
differential equation to be solved:

dy/dx = (S, - S,)/(1 - F2)

+

Call to function rkfixed to solve
differential
eguation using a Runge-Kutta method.

Calculate bed and water surface elevations fo
the channel reach used in the GYF
calculation.

1 T T

---------
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Mathcad reference tables and User’s Guide
Mathcad provides a nice collection of reference tables by choosing the Help>Reference
Tables. The options available are shown below:

J2 Mathcad Resources: Reference Tables

File Edit Wiew Insert Format Tools Symbolics Book Help
o @ (CRTNE RreRiecy = = M
-~
Basic Science Properties of Liquids Properties of Gases
Fundamental Constants Density Specific Gravity
Physics - Mechanics Yiscosity Specific Heat
Periodic Table Specific Gravity Sound Yelocity
Sound Yelocity Iolecular Yyeight
Calculus
Derivative Formulas Surface Tension
Dielectric Constant Properties of Metals
Integral Formulas
Indey of Refraction Thermal Conductivity
Geometry Molecular Weight Specific Gravity
Lueas and Perimeters Linear Expansion Coefficient
M Properties of Solids Electrical Resistivity
reas
Polvhedra Density Poisson's Ratio
Specific Gravity Modulus of Elasticity
R Specific Heat IMelting Paoint
Centraids Thermal Conductivity Temperature Coefficient
i Ihonienisioineiic Dielectric Constant GilRes il
Electromagnetics
Capacitance . user's guide
Oscillators
b
< ¥
Links to section AUTO NUM

Clicking the Fundamental Constants link, for example, produces the following list of
constants:

%' Mathcad Resources: Fundamental Physical Constants

File Edit View Insert Format Tools Symbolcs Book Help

Sw e (& ¥ Ga [ HS @

Fundamental Physical Constants A

Universal Constants

Velocity of ight in vacuum | ¢ = 299792458 = |
\ E

Permeability of vacuum | Hg=4-7- 1g7 7 newten |
\ amp2 /
. { 12 farad
Permittivity of vacuum |eq = 8854187817 107 12 22|
'\ m J
i 11 m3 \
Newtoman constant of ‘ G = 66742107 ‘
gravitation \ kg- sec2 J
24 %
£ >
For Help, press F1 AUTO MUM

Explore the reference tables on your own to identify those that may be helpful to your
current classes or applications. Scrolling down the Reference Tables one finds the user’s
guide link which provides detailed instructions on the use of Mathcad’s different
features.

60



Using Mathcad’s Tutorials
Tutorials are Mathcad worksheets that provide basic instructions on the use of Mathcad
functions. Select the Help>Tutorials to access the available worksheets:

J% Mathcad Resources: Overview and Tutorials

File Edit “ew Insert Format Tools Symbolics Book Help

o} & % # B [# HE B

mathcad resources
| mathsoft..

Overview and Quick Tour . user's guide

New Features in kMathcad 13

Migration Guide Mote: vou need Acrobat Reader
_ ) to read the User's Guide,

Getting Started Prirners

Features In-Depth

Where to Get Mare Help

< b4
For Help, press F1 AUTO MM

A good place to explore for new users would be the Getting Started Primers link. This
will open a menu of links including one entitled Mathcad Toolbars. Clicking on this link
provides a worksheet describing the different toolbars. For example, scrolling down the
worksheet provides the following description of the Math Toolbar (some of which
buttons we have presented earlier):

' Mathcad Resources: Mathcad Toolbars
File Edit Wiew Insert Format Tools Symbolics Book Help

0w e (¢ ¥ Ga R HE A

The Math Toolbar

The Math toolbar, whose buttons bring up toolbars of
tath operators, i docked just under the main menu.
Tou can also undock it and drag it around the screen
Choose Toolbars = Math from the View menu if you
don't see it. I you let your mouse hover over each of
the buttons on the bar in turn, vou see a toelip teling
you what toolbar each button brings up

m Calculator toolbar < Boolean toolbar

4 Graph toolbar 31 Programming toolbar

f Vector and Matrne toolbar aff  Greek Symbol toolbar

x=  Evaluation toolbar #  Symbolic Eeyword toolbar

I2  Caleulus toclbar

Click on one of these buttons in the Math toclbar to bring up the associated
operator toolbar. Tou can then use the operator toolbar to insert math
svmbols mto vour worksheet. Hover over anv button for a tooltin oving a

<

Press F1 for help. AUTO MUM

Explore more of the Getting Started Primers on your own. The menu in this Tutorial
worksheet includes some of the subjects addressed in this document, e.g., Defining
Functions, etc.
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Using Mathcad’s QuickSheets

QuickSheets are reference Mathcad worksheets that contain solved problems on a given
mathematical subject. To access QuickSheets select the menu option Help>QuickSheets.
This action will open a menu of QuickSheets as shown below:

I Mathcad Resources: QuickSheets Contents

File Edit “iew Insert Format Tools Symbolics Book  Help

ol & (& @) Ea [ HE&E O

mathcad resources
mathsoft,,

About QuickSheets Data Analysis

Mathcad Technigues Statistics

“ectars and Matrices Using Mathcad with Other Applications
Solving Eguations Symbaolic Math

Graphing and “isualization Programming

Calculus and DIffEQs Extra Math Symbols

Engineering Applications . user's -.:.\i.—.

Mote: Wou need Acrobat Reader
to read the Users Guide.

0 L)

For Help, press F1 AUTO UM

|

The QuickSheets menu list a number of subjects for the user to select. For example, if
you are looking for an example for calculating a double integral, you could click on the
Calculus and DiffEQs link to access the following menu:

%' Mathcad Resources: Calculus and Differential Equations Contents |Z||E|r5__<|

File Edit Wew Insert Format Tools Symbolics Book Help

o) & <+ ENbhE =EHE 0

N | E
quicks

CALCULUS AND DIFFERENTIAL EQUATIONS

eets

Tutorial: Calculus in Mathcad

Effects of TOL and Method on Definite Integration

Arc Length and Surface Area

Cantour Integrals and the Residue Theorem
Mumerical Double Integrals

Fourier Coefficients: Signal Generation

Salving a First-Order ODE Initial “alue Problem

Solving a First-Order Systern of ODEs
<1 (m)| >
Press F1 for help, AUTO UM
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Select the Numerical Double Integrals link to see an example. The example, whose set

up is shown below, describes triangular-shaped plate described by R = {c(x)<y<d(x),
a<x<b} with a surface mass density f(x,)).

J© Mathcad Resources: Numerical Double Integrals

File Edit Yew Insert Format Tools Symbolcs Book Help
D® E- edEE EEEHE QD

Numerical Double Integrals A

This QuickSheet can be used to evaluate integrals of real-valued
finctions f{z,y) over regions in the z-v plane.

Input boundartes of reglon i x-v plane, assuming a<xz<b
and cix) < v = d() for all =

ciz =10
d(= ==

Input real-valued function to be mtegrated:

7 2
flz,7) =42 +y

Coerra sl Fmr b bt

Links to Mathcad Resources AUTO UM

Scrolling down the QuickSheet, we find a plot of the integration region as well as the

following calculations for the mass and center-of-mass coordinates for a triangular plate
with are density f(x,y), i.e.,

r;' Mathcad Resources: Numerical Double Integrals

File Edit Yiew Insert Format Tools Symbolics Book Help

o & < (€ @) Bn [# ==

Evaluate three double integrals, gving the mass and center of mass of i
the triangle (pictured). The denstty, fz,y), of the triangle at pomnt (z,¥)
15 proportional to the distance from (z.%) to the ongm.

b ()
mass ‘= j‘ j‘ fiz,v) dv dx mass = 0,383
a Yol
L i
Zeml = _J‘ J‘ =-flz,y) dy dx
mass Jo Jo
L e
Voml = J J y- £z, ) dy dx
mass Jy Joy
) ( Zoml ‘ | 0.75 |
cml = =
\ Feml | 0.398 )

£
Press F1 for help.

AUTO MM

Using the File>Save As... menu option you can copy the QuickSheet into a new Mathcad
worksheet that you can then modify to address a specific solution.
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