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SMath for Physics

A primer
Bernard V Liengme

Chapter 1

An overview of SMath Suite

Throughout the book reference is made to SMath les in the form [Linear Regressi.sm),
generally at the start of a paragraph. All these les are available here. Files with
names ending with M, M1, etc. are functional only when opened with SMath with
Maxima.

1.1 What is SMath Suite?

[Overviewl.sm.] The developers of SMath Suite call it a mathematical program with
paper-like interface and numerous computing features. SMath has many of the

Figure 1.1. The SMath interface.

doi:10.1088/978-1-6270-5925-1chl 1-1 © Morgan & Claypool Publishers 2015


http://ej.iop.org/images/books/978-1-6270-5925-1/live/978-1-6270-5925-1suppdata.zip
http://dx.doi.org/10.1088/978-1-6270-5925-1ch1

SMath for Physics

features found in the expensive application Mathcad but differs in that SMath is
free. Some of its features are shown irgure 1.1. The SMath user interface resembles
that of Mathcad.

Although the application is correctly calledSMath Suite, it is normal to use just
the word SMath. However, when doing an internet search always use the full name
to avoid hitting sites dealing with an unrelated item.

1.2 How do | get SMath Suite?

The websitehttp://en.smath.info/has downloadable les for a Windows and a Linux
(Mono) installation. They are quite small: about 2 and 1 MB, respectively. The
author has used SMath under Windows XP, 7 and 8.1.

At the site http://smath.info/wiki/SMath%20with%20Plugins.ashxne can obtain
a Windows portable version. Just download the 78 MB Zip le and expand it to a
USB thumb drive. Now you can run SMath on any computer without having to do
an installation. This will appeal to students who wish to run it on a university
computer for which they do not have installation privileges. This unotial version
has been greatly enhanced by Professor Martin Kraska (University of Applied
Sciences, Germany) who has added the Maxima plug-in. These enhancements can
be ignored when using examples from this book, but see chapii.

You can also run the‘cloud’ version of SMath in your browser athttp://smath.
info/cloud/ but it is rather limited at the moment.

1.3 How can | get help with SMath?

The of cial SMath site ishttp://en.smath.info/ At the top of the page you will nd
links to a forum where questions can be asked and answered, and to a Wiki which
gives access to tutorials, example, and helpful documents. Here is a good way to do a
Google search: polyroots sitehttp://en.smath.infa

1.4 The SMath interface

As can be seen ingurel.1, the SMath interface has a menu bar and a tool bar. Later
we will see the SMath palettes. The work area on the interface is technically called a
page but you will also nd it referred to as aworksheetAn SMath le holds one page.

The File and Edit menu items contain the controls one expects in such menu items
in a Windows environment. File has Save, SaveAs, Print, etc while Edit has Cut,
Copy and Paste, etc. All the normal keyboard shortcuts (e.g. CtE for Save, CtrirC
for Copy) work in SMath. The other items on the menu bar are discussed as we
proceed. The asterisk inntrol.sm*  on the title bar indicates the le has not been
saved since it was last edited.

It should be noted that a le may be saved in its native format (note the extension
sm) or as an image le (the default ispng but the user can change the extension to
ipg, bmp, or gif). There are other SaveAs options but we will look only at the
executable le (exe—see chaptes.

While one can easily print an SMath le, a student using SMath for an assign-
ment might save several SMathles as images and then insert them into a Worde.
This will give more control over pagination, headers and footers etc.
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Figure 1.3. The palettes.

Items in the Matrix and Programming palettes are discussed later.

The two Symbols palettes enable the user to insert Greek letters into a page.
The alternative method is to type the Roman letter followed by Ctrl+G to convert it
to Greek.

1.5 Constructing regions

There are two types of regions: text and math. In gure 1.1, the phrases Simple math,
Root nding, etc are text regions while the assignment of a value for x (asin x:=5)is
a math region. As you move the mouse around, you will see a red cross on the page;
this is the insertion point and anything you type (or insert using a palette) will begin
at that point. There are some exceptions for operators inserted from a palette. In
addition to the two types of regions, it is possible to construct plots and to paste
images onto an SMath page— gure 1.1 shows a plot and an inserted image. Note
that SMath is ‘top down’ (you cannot refer to a variable before it is de ned) so the
plot of g(x) is about as high up the page as it can be.
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region can be individually formatted. The decimal and exponential threshold setting
for a math region displaying a number can also be altered on an individual basis.
Suppose, with the decimal places set to 8 and exponential threshold at 5, we see on a
pagex=128.22827 158 . We can select the region by left clicking, then by right
clicking bring up a menu from whichDecimal placesnay be chosen; this leads to the
dialog in gurel.5. The process can be repeated to change the exponential threshold
to 1. Now we havex =1.282x10 2.

Figure 1.5. Change the decimal setting for one region.

1.8 Scratchpad calculations

The reader is encouraged to treat this section as an exercise by typing what is shown
in the left hand column on a new SMath page, observing the movement of the
insertions symbol and to see why the results in the right hand column are obtained.
The symbol is used to denote the right arrow key or the spacebar.

1+ 5/6+ 7/8 5

1+ = 1.7273

6+

|~

1+5/6 +7/8

~

1+ %+ —= 2.7083

(e¢]

On the SMath page, left click the result above,
then right click and select~ractionsfollowed
by Fractions.

=
+
oo
+
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See if you can get the first result rather than

the second. =4.712

3 =4.7124 3
2
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9. Experiment with unchecking the AutoCalculation in the Calculations
menu item. Then change the value of a. Does anything happen to the other
displayed values? What does F9 do? Remember to put AutoCalculation
back on.

10. Type z- using the arrow in the Arithmetic palette. This tells SMath to use
symbolic representation. Note that the arrow becomes =. Some documents
on the SMath website show the arrow being displayed but this has been
changed in the newer version of SMath.

11. The v/ symbol in the text region was pasted from a Word document. Try
copying some math regions from the SMath page to a Word document;
here is an example z:sqgrt (a®2 b/2).

1.10 Subscripted variables

It is convenient in many problems to use variable names such as x1 and x2 to
emphasize their similarities. To achieve x;: =3 the user types x [dot] 1:3 where
[dot] indicates the period (full stop) key. Later in this chapter we will discuss indexed
variables—elements of vectors and matrices. These are constructed in a different
manner and (if one looks close enough) have a slightly different appearance.

1.11 Working with units

[Overview3.sm.] This topic will be demonstrated with a simple hydrostatics problem.
Water is pumped at a constant rate » = 6 m> min~' through a pipe. The pipe diameter
near the pump is 20 cm but this widens to 40 cm at the end. Find the velocity of the
water at the discharge point. We reason that, since water is incompressible, the rate
of ow at any point in the pipework is constant. So r=v-4; =v,-A, where v is
the velocity and A the cross-sectional area. Figure 1.7 shows the page for this
calculation.

Figure 1.7. Example of a calculation with units.

There are several way of entering units. Method (a): suppose we have typed d, : =20
and the region is still active. From the menu bar use Insert | Units to bring up the
dialog shown in gure 1.8. Note how the left panel shows various categories but we
have selected A//. In the Quick box we entered meter (note the US spelling). Now in
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Figure 1.8. The Units dialog.

the right hand panel we can seledentimeter(cm) and click the Insert button, or we
can double click the cm entry in the dialog. In either case the dynamic assistant pops
up so we tap the Tab key to conrm we want this unit. Method (b): now we have
typed d, :=40 and wish to add thecm unit. We type a single quote ‘§ and this
causes the units menu to pop up; we typenand this locates the desired unit and we
con rm with the Tab key. Note that when the user types the single quote, SMath
adds a place holder but it is more oval than the normal rectangular place holder.

The progressionto get:=6m *min ?*is: after typingr: 6 , insert them unit and
then use”3. Now insert the min unit and use” 1. While units are shown in blue,
any exponent for a unit is not.

Note how SMath looks after unit conversion. We have centimetres and minutes
in the data but the result show metres and seconds. SMath always shows standard
S| units in numerical evaluation regions. However, as seen irgure 1.7, we can
override this. Click on a region displayingv, :=0.8 m , use the right arrow key to
get to the far right of the region, and then use the single quote to indicate that you
wish to add units, and add the required units. If you enter inappropriate units, the
regions will show no numeric value and will have a red border.

1.12 Physical and mathematical constants

[PhyConst.smi. SMath has a number of built-in physical constants and two math-
ematical constants ( and e). These are shown ingure 1.9. All of the physical
constants are to be found using the same techniques as adding a unit. In the left
panel of the units dialog ( gure 1.8) there is a group calledPhysical Constantsvithin
which the rst six physical constants may be found. The others are in groups as
shown in the gure. Of course, theAll group contains every one.
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Figure 1.10. The Insert Function dialog.

x:=2nln(_|I| |x=2-1n|

F
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A user wishes to de ne x with x : =2-1n(z). Method (a): after typing 2*, he
clicks the f(x) tool, locates the /n function in the Insert Function dialog, which he
double clicks, or he clicks the Insert button. Unfortunately, the Insert Function
dialog has no Quick Search facility, so you must scroll all the way through. The task
is shorter if you correctly guess what group to use from the left panel. Now he has
the template shown above.

Alternatively, since he knows the name of the function, after typing the 2* he types
1n and up pops the dynamic assistant. He commits his choice with the Tab key. Note
that in the dynamic assistant functions are shown in purple while units are blue.

1.14 Matrices and vectors

[MatrixMath.sm.] A matrix is constructed by clicking the rst icon in the Matrix
palette or by using the shortcut Ctrl+M. This bring up a dialog where one speci es
the number of rows and columns; following this the matrix elements are entered into
the place holders. The sequence is shown in gure 1.11. A vector is constructed in the
same way, i.e. as a one column matrix.

An alternative way of constructing a matrix is to type A:mat, which generates a
2 by 2 matrix template. By clicking on either of the matrix brackets one can have
SMath present a 1l handle in the lower right corner; dragging this can expand the
rows and/or columns to the required number.
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u=1 u==n..1 u=1..8 1
2

Here we typed u:zran and accepted Range(2) 3
from the Dynamic Assisfanfl uald
5

[

7

v=.5,1..8 ]

T
v =(0.511.522.533.544.555.566.577.58)

Here we typed v:zran and accepted Range(3)
from the Dynamic Assistant with0.5,1..8 i
Transpose is used to save space in figure

Figure 1.13. Using the range functions to de ne a vector.

Figure 1.14. Using augment to make a matrix.

The cross product of two three-element vectors (X and Y) is found with C: =X x Y,
where the x operator is the last item on the Matrix palette.

1 6 -4
2|x|18)1=18
3 10 -4

[Vector Math.sm.] SMath has problems with symbolic evaluation of vector math
and incorrectly applies the scalar rules for commutation and distribution. If in
doubt, use numerical optimization with vectors and matrices.

1.15 Drawing graphs

SMath has limited graphing facilities; they are useful only for personal work or, at a

pinch, for internal reports, but not for publication work. SMath can generate two-

and three-dimensional graphs. We will explore only the 2D graphs. For more
information on graphing see http://smath.info/wiki/Graphs.ashx.

In section 10.2 there are notes on the XY Plot function in SMath with Maxima.

[Graphl.sm.] We begin with a very simple example: a plot of a cubic function—see

gure 1.15.
1. Click on the point in your worksheet where the upper left corner of graph
will go.


http://smath.info/wiki/Graphs.ashx
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To relocate the graph on the page: click outside the graph and drag the mouse
until the graph is selected (blue background with default setting); now drag it to new
position. To copy or delete a graph you need to select it in the same way. Alter-
natively, a graph (or any region) can be moved by dragging it by the outside frame
when the mouse pointer is a four-pointed arrow.

[Graph2.sm]|. Two or more functions can be plotted on one graph @Qure 1.16) by
using the multiple values tootit is the last one in the Functions palette. What is
produced is sometimes called lgst. The list may be external to the graph or used in
the graph place holder. When you click on the tool a template with two place holders
is displayed. To add more items to the list, click on the brace { and drag the resulting

Il handle (lower right corner) down. Items can be deleted by dragging it up.

Figure 1.16. Plot of two functions.

[Graph3.sm|. Figure 1.17 has ve functions plotted and gives some idea of the
colours used by SMath with blue being used for therst function.

[Graph4.sm).Figure 1.18demonstrates how to add text and points to a graph. The
variable plottext is a 2<5 matrix: the rst two elements in a row specify the starting
position (x, y), then the text to be displayed, followed by the font size and colour.
Similarly, in each row of the &5 matrix Points we have:x-position, y-position,
symbol, font size, and colour. See the note below regarding the symbol.

SMath offers over 140 colour choices fromaliceblueto black—see http://en.
smath.info/forum/default.aspx?gposts&m=3663 A misspelled colour name will
result in black being used. It is not possible to type the symbol within a text
element in a vector; the= symbol iny = mx+ b was produced with Alt+205.
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Figure 1.17. Plot to show colours used by SMath.

Figure 1.18. Adding texts and points to a graph.

[Graph5.sm. The plotG function, which was made available by Professor
Radovan Omorjan in the SMath Studio forum, is illustrated in gure 1.19 The
program takes vectors of valuesx( y) and creates a plot matrix for the data using a
speci ed character ¢har), size and colour. The plotG function saves us the work of
making a matrix similar to Pointsused in the previous example. The vectoxsand y
could represent experimental data angline is the equation of linear best t. The
syntax for using this isVariable:= plotG(xdata, ydata, char, size coloun); then
Variable is used in one of the plot place holders. The reader may wish to experiment
with different characters, sizes and colours.

For the value of char, use only one of: the period character which displays as a solid
circle; the lower case charactey which displays as a circlex which displays as a cross;
the asterisk (*) which displays as a star. Other characters are plotted incorreetijoo
low and too far to the right.
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Pleotting with the augment function

Te plot f(x)=x* - 4x for the domain -3 < x £ 3

+
Make the X wvector: the meore points you use, the smoother the plot
X=-3,-2.9..3 length(¥)=60

Make the Y vector containing the g(x) values for kel .. length[x]

3
!k:=[x k] - X,

EITHER make a plot using the augment function in the plot place holder

COR Make & matrix from X and Y with augument M:=augment (X . Y]

Plot with augment Plot the M matrix

¥ ¥

augment (x . Y) M

Figure 1.20. Using the augment function to plot.

Simple guadratic x%+3x-18=0 a=1 bi=3 ci=—18
formula results check
| 2 3 2 2
x;ﬁl;ﬁ x=1", a-[le +b-x ,+c=0 a-[xz] +Dix te=0
‘a

Figure 1.21. Finding roots of a quadratic equation.

list is referenced in the same way as in a vector—using an index not a subscript. So to
display the value of x; we type x [1=; note how on the SMath page there is white
space between the x and the 1, denoting an index.

By changing just the values of a, » and ¢, the reader might wish to nd the roots of
9x? + 12x + 4 and x> — 9 to see what happens when there is one root, and 3x* + 4x + 4
which has a negative discriminate and hence has imaginary roots.

[Polyroots.sm.] The polyroots function is demonstrated in gure 1.22 where the
roots of a quadratic (x*> + 3x — 18) and of a quartic function (x* — 15x% + 10x + 24)
are found. In the rst example the user typed rootsA:=polyroots to make the
template polyroots ( ). Then the place holder was converted to a vector (Ctrl+M
brings up the required dialog and a 3x1 matrix—a vector—was speci ed) and the
coef cients of the equation were entered starting with the coef cient for x° (i.e. the
constant). The results are presented in vector form. Of course, we get the same roots
as before for this quadratic. In the second example, a vector was made rst and this
was referenced in the polyroots template. The fourth element in coeff is zero since the
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The syntax of roots is either roots (argument-1, argument-2) or roots
(argument-1, argument-2, argument-3), where each argument is either a
variable or each is a vector. Our example uses variables with £ (x) as the function
whose roots are sought, x the variable to nd, and, in the second and third cases, we
have a number (3) to give roots a guess at the root. Our f(x) has only one real root
but had there been three, the results would have been displayed in vector form, as we
see below.

Looking at the rst and second examples of roots it is clear why one is always
encouraged to provide a guess—i.e. to use the three-argument form.

The third example, with _x rather than a simple x, is there to demonstrate a very
important point. Figure 1.24 shows what happens when the second argument has
been given a numerical value prior to being used within root. The calculation in the
second example fails but the third example still works. The reader is encouraged to
experiment. If you delete x : = 2, you may need to press F9 to recalculate the SMath
page. So why x? Many SMath users employ a variable like x rather than x in a
roots evaluation since it is unlikely that such a variable will have been used before in
the page. Others employ a variable similar to #x. You will see both in examples on
the SMath website.

Figure 1.24. The roots function fails when argument-2 already has a numerical value.

The second argument in a roots evaluation cannot have been given a numerical value in
any statement prior to the roots calculation.

[Roots2.sm.] Figure 1.25 demonstrates another example of the use of roots: to nd
the roots of a transcendental equation.

[Roots3.sm.] Figure 1.26 demonstrates the use of roots to solve a system of linear
equations. In the upper part, the vectors are used for the three arguments; in the
lower part the vectors are de ned beforehand and are referenced by the arguments.
In a later chapter we see how matrix math can be used to solve a system of
equations.

[Roots4.sm.] Unlike the matrix method, the roots function method allows us to
tackle systems of nonlinear equations, as shown in gure 1.27.

[Solvel.sm.] In gure 1.28 the solve function is used to nd the roots of the same
function that was solved with the roots function in gure 1.25. Solve has the
advantage of locating all the real roots in one operation and returning them in
a vector. In the top part of gure 1.26 solve is used in the two-argument form
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Figure 1.25. Finding the roots of a transcendental equation.

Figure 1.26. Solving a system of linear equations.

Figure 1.27. Solving a system of nonlinear equations.
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Figure 1.28. Finding roots with the solve function.

Figure 1.29. Solve response to the roots range setting.

solve( function-to-solve, variable). In the lower part we have the four-argument form
solve( function-to-solve, variable, lower-limit, upper-limit).
[Solve2.sm.] The two-argument form of the solve function is sensitive to the last
setting in Tool | Options | Calculate (see gure 1.4). This is demonstrated in
gure 1.29. Normally a polynomial is best solved with polyroots but the quadratic
here serves as a convenient example to make the point being made.
[Solve3.sm.] So far we have been nding roots, i.e. we have found x such that
f(x)=0.Inthe nextexample ( gure 1.30)we see howto nd xsuchthatf(x)= Q where
Q is some numerical value. A Boolean = must be used in the expression within solve.

Things to remember when using the solve function:

1. The solve function cannot be used with units of measurement.

2. If the statement is enclosed in a red border and the message ‘No real roots’
appears when the mouse point hovers over the statement, then the user should
experiment with various values for the third and fourth arguments—the lower
and upper values of the range in which a root is sort.

3. When the rst argument is an equation (e.g Q = £ (x)) it is imperative that the
equal sign be inserted from the Boolean palette.
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Figure 1.30. Solving for a non-zero value of f(x).

SymbolicDiff.sm

1) Use the derivative tocl on the function d—I
palette to make the template. an
i1 s d 2
2) Fill in the place holders — |3z -z x+6
dx
3) Specify symbolic evaluation: d [ z ]
use the - on the Artimentic palette ag R TZEkEls 1ezx

or the shortcut Ctrl+period

Examples

4
£ () 3-cos (5-5)- 3+ exp [x ) 2 rlammasrmsa (s mean oo
x
d
=t
alx] dx (=) al ):—3-5-51n(5‘x)+4‘x3-exp[x4]]
R - 1) ) 4
a dx dx ha:—S‘ZE-cos[S‘x]-ﬁ-{x cexplx ) [3+4x
n_=——g(x) 2 [ 4] 4
b dx hb:—3‘25-cos[5‘x]+4‘x cexplx 3+ ex
a2
o= 2f[x) h =—3‘[25-cos(S‘x)+4‘x2-exp[x4]-[3+4‘x4]]
<
dx
d d [ 2 3] H d d [ 2 3] 2
— —|x"-z2.x y+3.xy |=—2+9. — ——Ix -2 xy+3 ey |=—z2+0
dxdyx Xy Xy ¥ dydxx Y xy ¥

Figure 1.31. Examples of symbolic differentiation.

1.17 Symbolic differentiation

[SymbolicDiff.sm.] The more advanced applications like Mathematica, Maple,
MathLab, etc can perform various symbolic manipulations. SMath is limited to
being able to do symbolic differentiation. Some examples are shown in gure 1.31.
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forj21..12 Means vary j from 1 to 12 in increments of 1.

j22, 4..12, Means start with j =2, increment by 2 (since the difference in the
first and second arguments is 2, i.e. 4 —2 =2) while j is less than
or equal to 12.

j=2,j [I2,j:=7+2 Means start with j =2, and while j is less than 12, increment j by 2.
NOTE: you must use the Boolean = in j = 2.

The second and third constructs are equivalent, but the author nds the meaning
of the third one to be clearer.

In these constructs, j is referred to as the loop variable. Programmers take great care
never to explicitly change the value of a loop variable other than in the opening code of
the for loop.

[CubeAddition.sm.] There is another variation of the for structure that uses no
loop counter. It is used only in conjunction with vectors and matrices. Figure 1.35
shows an example: again we are summing the cubes of the even numbers from 2 to
12. The code for elem [3f may be thought of as ‘for every element in vector }°. The
name elem is unimportant, any valid name may be used.

A "for every-element-in" example

Vi=2,4..12 T
v =(z 4868 10 12)

sum =0
a

for elemeV

3
sum _=sum_+elem
a a

=3523

6
sum =3528 _ v 3
: s 3 [
k=1

Figure 1.35. Example of the for-every-element.
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1.18.3 The While structure

[CubeAddition.sm.] Figure 1.36 shows an SMath page using while loops to sum the
cubes of the natural numbers but not to exceed 1000. Clearly in the left hand side,
the sum was exceeded. Indeed it could not have been otherwise since the test (sum, 1
1000) only fails when the sum exceeds the limit. So the programmer had to subtract
the last /°. This is avoided in the code to the right where we have an if constructed
nested within the while. Note the use of break to exit the loop.

When coding a while loop is it easy to make a mistake that causes the loop to run for
ever—the exit condition is never satis ed. You will see a green border around the code
that is being executed and the timer in the status bar keeps increasing. Press the Esc
button and accept the invitation to cancel the calculation!

Figure 1.36. Examples of while loops.

While you are working in a program structure, be careful to avoid typing the eva-
luation operator (=) when a de nition operator (:=) is required. This mistake will result
in egregious place holders in the top right corner of the structure and only after patient
work with the delete, backspace and arrows keys will you have workable code.

1.19 Snippets

It may be helpful when a user nds he is repeating a particular piece of code in
many worksheets, to place this code in a snippet. When SMath Studio is installed
there are already two snippets available. These allow the user to readily work
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Appendix A. SMath functions
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