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SMath is a software tool for performing and documenting of engineering calculations.
An SMath document or worksheet consists of formulas, texts, plots and images, which
can be placed on a two-dimensional grid, the canvas. Formulas can be composed from
pocket-calculator-like buttons, whereas experienced users are much faster using the key-
board. SMath comes with magnificent support of scientific units. The formulas are
self-documenting mathematical instructions. They appear in natural mathematical nota-
tion (not just lines of code), such that people who aren’t familiar with SMath still can
understand them.

SMath initially was a hobby project of the Saint Peterburg based software engineer Andrey
Ivashov. Meanwhile the development is maintained by SMath Ltd. (OOO Dcmar) with
Andrey Ivashov being the CEO. Customers outside Russia are supported by SMath Israel.

SMath has an integrated extension manager, which provides access to the so called online
gallery. This gallery contains functional extensions (plugins), examples, documentations
and code snippets provided by the community and the developers. The introduction you
are just reading can also be found there.

This guide is a compact alternative to the comprehensive manual (Kraska, 2020). After 1-2
hours, you will be familiar with the basic operating concept and able to create worksheets
like the one on the following page.

The author has many years of experience using SMath in research and teaching at the
Brandenburg University of Applied Sciences (THB). He is active in the user forum on
smath.com and oversees the development of an interface to the free and open-source com-
puter algebra system Maxima. This interface offers features such as symbolic integration,
equation solving, and three-dimensional diagrams (see Kraska (2023)).


https://smath.com/
https://smath.com/en-US/view/SMathStudio/contacts
http://smath.co.il
https://en.smath.com/forum/

CHAPTER 1. FIRST CONTACT

1.1 Example Worksheet

The following figure shows a worksheet with the typical features of SMath Studio:

Text, formulas, sketches, and diagrams can be freely arranged on the worksheet.
The formulas are displayed in the usual mathematical notation.

Units of measurement can be used in the calculations. These appear in blue and
are not italicized.

Formulas with := are definitions.

Formulas with = are result displays (you can set their unit, and the conversion is
done automatically).

Input data can be highlighted in yellow, and result data can be framed. Of course,
other arrangements are possible, but a consistent design makes the worksheets easier
to use.

Free Damped Oscillations

Mass m:==1kg Initial conditions —
. . n ® =0 cm
Spring stiffness c:i=1— 0
cm
—1 v, =30 cm d m
. =
Damping constant d=1H- [ El
3
Natural angular frequency of the undamped @ = ,||5 =1p 222
oscillation = g
| d 1
Decay coefficient &i=——=0,5=
2-m :
. . &
Damping ratio D= i =5 ¥

Natural angular frequency of the damped oscillation Wy 111 -D = a, 9g7 Tad
3

Displacement as function oftime

4

xa-cosfmd-t]—m—:-sin[md-t]

x{t}::e_é-t-

Displacement in cm

Time in s

Figure 1.1: A worksheet with formulas, text, sketch, and diagram. The basic version of

SMath and the X-Y Plot plugin were used here.
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CHAPTER 1. FIRST CONTACT

1.2 Installation

The installation is very simple:

Go to the website smath.com.

Download the Windows installer, which is only a few MB.

Install the program either for yourself or for all users of the computer (the latter
requires admin rights).

Afterwards, you will have a "SMath Solver" icon on your desktop, which resembles
the symbolism of the Berlin S-Bahn.

4

Slivisithy Sty

Start the program by double-clicking the icon. While the program is loading, a wel-
come screen will be displayed. Finally, the program window will appear. It should look
something like this:
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Figure 1.2: SMath Studio in its default state. Under the "Tools" menu, settings can be
adjusted, and under "Activate," you can register for free (this will remove the
watermark when printing).
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CHAPTER 1. FIRST CONTACT

1.3 Registration and Activation

SMath is free to use in its basic version for personal, non-commercial purposes without
registration and activation. If necessary, you can skip these steps.

Limitations of the basic version:

e Limited use of the cloud version of SMath (storage restrictions, all worksheets are
public, no version control).

Restrictions on exporting worksheets as executable applications.

Limited to 5 devices.

Watermark on prints and PDF exports.

e Some commercial plugins aren’t accessible.
There are no limitations on calculation or documentation functions in the basic version.

Registration and activation of the basic version are free for personal, non-commercial use.

Pressing the red button in the top right corner opens the login portal:

Account - SMath Studio Desktop X

SMath Studio can be used for free. However, some features of SMath Studio require
server-side support. For the community, this means that the user has to log in using
SMath Account to use them.

E-mail: “ I

Password: l I

Offline activation

Reagister - Restore access

Advanced features and services can be activated for SMath Studio. Available offers
can be found on the Prices page of the official web-site.

Common benefits of using SMath account ‘

Automatic Worksheets attribution;

Full access to commercial plug-ins;

Priority support on the official web-site;
Advanced features of SMath Studio in the Cloud.

See the web-site for additional information. ‘

For activation, you need an SMath account, which can be created at Free registration.
You will be asked to provide your email, desired username (login), and password.

After successful registration, you can log in with your credentials. The activation button
will then turn green and display your name.

B Martin Krazka
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CHAPTER 1. FIRST CONTACT

1.4 Settings for Language and Notation

If you are happy with the default language and notation settings, you can skip this
section. Otherwise you can adjust them to your preferences. We will show this for
German language and continental notation.

The settings are found under under Tools > Options (or Extras > Einstellungen if
you've already switched to German).

On the “Interface” page, you can define:
e The language for the user interface and the unit system
e The notation for function names (e.g., atan versus arctg)

e Separators for decimal numbers and functions with multiple arguments (e.g., round (7,2))

Options X
Interface  Calculation Network
Interface language English v
Units language English v
Functions style World v
Decimal symbol , ([comma) v
Arguments separator : (semicolon) v
Document layout Pages view v

These settings take effect globally on the entire worksheet immediately.

Dr. Martin Kraska 8 September 26, 2024



CHAPTER 1. FIRST CONTACT

1.5 Settings for Result Display

On the "Calculation" page, you can change the default settings for result display. These
only affect new formulas. For existing formulas, you can change the settings in the context
menu, but more on that later.

Make sure the settings are as indicated in the screenshot below.

Options ®
Interface Network
Decimal places 3 5
Exponential threshold 5 =
Trailing zeros Disable w
Use mixed numbers Enable ~
Significant figures mode Enable ~
Fractions Decimal ~
Results that are multiple values Show all values ~
Integrals: accuracy 100 =
Roots (range) -20 = |20 =
Rounding I Half to even ~ I
" Approximately equal” operator accuracy 7 =
Cancel

The settings specify:

e 3 decimal places should be displayed. Significant figures mode is enables, therefore,
the setting in fact specifies 3 significant figures. This level of precision is usually
appropriate for technical calculations.

e Numbers are displayed in scientific notation starting from 10°.
e Trailing zeros in decimal fractions are omitted, so 1 instead of 1.00.

e The Decimal places option refers to the mantissa length (number of significant digits)
rather than the number of digits after the decimal point. Together with the setting
of 3 decimal places, this gives, for example, 7 = 3.14.

e Fractions are displayed as decimals (and not with a fraction bar).
e Lists are shown without removing repeated (multiple) values.

e Rounding is done mathematically (round to even: if the last digit to be kept is
followed by a 5, rounding is done to the nearest even number).

Background: Floating-point numbers are internally represented as a product of a base
number and a power of ten. The power of ten corresponds to a shift of the decimal point
in the base number. Depending on the magnitude of the value to be represented, the
decimal point "floats" to the correct position.

The power of ten indicates the order of magnitude of the value. The number of digits in
the base number indicates the precision of the number representation. The sequence of
digits in the base number is called the mantissa. Its length corresponds to the number of

Dr. Martin Kraska 9 September 26, 2024



CHAPTER 1. FIRST CONTACT

significant digits. These settings only affect the result display. Internally, calculations are
always performed with the standard precision of floating-point numbers (15-16 significant
digits).

In technical calculations, input data is rarely known with more than three significant
digits. Therefore, it seldom makes sense to display results with greater precision. In
principle, one should never display more digits than can be reasonably justified by the
precision. Thus, we recommend displaying results with three significant digits as a default
setting.

Trailing zeros in decimal fractions can be useful when emphasizing the guaranteed preci-
sion. Example: 1400 mm = 1.400 m. If the display showed 1.4 m, it would remain unclear
whether the value is accurate to the centimeter. However, displaying the whole number
2 with trailing zeros and three significant digits would look like this: 2.00. To avoid this,
we recommend turning off trailing zeros.

The default setting of SMath (4 decimal places) often leads to overly long digit sequences,
which give the impression of greater precision than actually exists and are either useless
or confusing for the reader. Make an effort to be reader-friendly.

Dr. Martin Kraska 10 September 26, 2024
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2.1 Saving and Undoing

Once the default settings are adjusted, you can start working on your first worksheet.
SMath does not create backups, so save the empty worksheet under the desired name right
away. This works like in any other program with File> Save As. SMath worksheets
have the file extension .sm.

At the beginning of your work, set the file name with File> Save As. Save regularly

(most conveniently with , which means pressing and | S| simultaneously).
Undo with and Redo with work in most cases but only up to the last

save point.

Undoing with | Ctrl Z| is the best option to correct typos. The backspace key some-
times removes more than just the last character.

Create a new worksheet Oscillator.sm

11



CHAPTER 2. TEXT AND MATH

2.2 Text

Click on an empty spot in the worksheet and just start typing.

|Freie gedimpfte Schwingungenll

At the first space character, SMath recognizes that you are writing text, since spaces do
not occur in formulas. A text region is then created.

If no space appears in a text, simply add one at the end or create the text field using
Insert > Text region, or start with a quotation mark .

You can adjust the text width afterward by dragging the vertical bar on the right @" .
The lines will be wrapped accordingly. However, SMath does not support hyphenation.

Line break can be enforced using | Shift Enter |

In the toolbar Bz U ADO

e Bold face
Ttalic
Underline

Text color

you find buttons for the text attributes

e Background color
e Box (frame) around the whole region

These settings apply to the current text selection, except for the box attribute. To insert
framed words, insert a text region inside the current region using the menu: Insert>
Text region. This region can be framed separately.

Text can be bold, ialic or underlined.
text is created using a text region in a text region

You should be sparing with formatting anyway, as there are (currently) no formatting
templates in SMath.

Now you can create all the text regions in the example sheet.

Dr. Martin Kraska 12 September 26, 2024



CHAPTER 2. TEXT AND MATH

2.3 Formulas

As long as you don’t type a space character, you will always create a formula when typing
in the worksheet.

Let’s do some calculations: Click on an empty spot in the worksheet and type 1+1=

As you can see, the result is displayed. The black box (placeholder) to the right is for
units, but we don’t need that here. If you click outside the formula on the worksheet or
change focus to the next or previous region with | | | or , the placeholder disappears.

Instead of typing, you can also use the calculator palette (Arithmetic) on the right-hand
side with the mouse. If you hover the mouse over a button, the corresponding keyboard
command is displayed.

Arithmetic =
o m i * P &«
7T 8 9 + (w) |«
4 5 &6 - SN
l1 2 3 x ; =
, 0 4 = o=

Inserting Functions

e Type the name followed by an open parenthesis, e.g., sin(
e Use the "Functions" palette in the sidebar

e Selection dialog, accessible via Insert > Function

Dr. Martin Kraska 13 September 26, 2024



CHAPTER 2. TEXT AND MATH

2.4 Defining Variables with Units

Variables are defined using the operator :=. It can be found in the Arithmetic palette
or can be generated by typing [:] (colon). Type m:1’kg

m=1 kg

¥ iz A |[Klogram (#fass)
¥ kgf |="-:vss TAB toinsernt
¥ kHz

¥ kB

- ls:ip W

The apostrophe (prime) ’ indicates a unit of measurement with which the preceding
number can be multiplied. When typing names (letters), the dynamic assistance is
displayed. If it recognizes a name, it shows its meaning. This helps avoid spelling errors.

Subscripted name parts (text indices) are created using a dot or comma. Typev.0:30’cm/’s.

om
v,o=30 —
o =

Greek letters can be obtained from the Symbols (a-w) and Symbols (A-Q) palettes in
the sidebar.

Do not use Greek letters that look the same as Latin letters. Otherwise, you will get
different names that you cannot visually distinguish.

Sometimes similarities are unavoidable, especially confusing are:
e w (like whiskey) and w (omega)
e o (sigma) and ¢ (delta)
e p (rho) and p (like papa).

¥ =5 cm o =200 MPa p =10 bar
rad
@ =2 & =2 mm p=1—
3 3
cm

Now you can enter the formulas in the example worksheet. We will define the function
x(t) later. If you have problems with the units of measurement, refer to Chapter 3

Dr. Martin Kraska 14 September 26, 2024



CHAPTER 2. TEXT AND MATH

2.5 Defining Functions

Functions are defined just like variables using the operator :=.

On the left hand side is the function name, followed by an opening parenthesis, then the
argument(s), and a closing parenthesis.

On the right hand side is the expression that produces the function value. This expression
should include the arguments whose values are passed during the function call. However,
all other variables from the spreadsheet can also be used.

Example: The input

c(a;b :\a~2 +b~2

generates the function

2 2
G{a;b]: a —Tbhb

It is now known in the dynamic assistance. When you type "c", you can browse through
the list of names starting with ¢ that appears. Here, for example, you can see the already
defined variable ¢ (spring stiffness), the unit ¢ (speed of light), the just defined function
c¢(a,b), and the unit C' (Coulomb).

= 1N 7 ]

Y

v C c(a;b]=1a2—b2
Y V |="essTAB::- inser |

The function can be evaluated for particular values:

c{Srr.;&:n;'l=5m

Example worksheet: Define the function x(t).

Dr. Martin Kraska 15 September 26, 2024



CHAPTER 2. TEXT AND MATH

2.6 Formatting of Results

Clicking the right mouse button opens the so called context menu:

o= 3, la m
Cut CrleX |

Optimization

| Trailing zeras

Significant figures mode

| Decimal places

Expenential threshold

Fractions

- v v | v |-

Rounding

1

2
[~ s

Here you can change the settings for a single result. The default settings for the program
are set under Tools> Options> Calculation (see Section 1.5).

e Optimization: Here you can switch to Symbolic, but in this guide, we will always
use Numerical.

e Decimal places: Accuracy of the display. The checkmark for Significant figures
mode indicates how the value is interpreted. Activating the checkmark indicates
that the given number specifies significant digits instead of decimal places.

1000 -m= 3140 3 significant figures (our custom default)
1000 -m=3141,6 5 significant figures

1000 -m=3141, 593 3 decimal places

1000 -m=3141,59265 5 decimal places

¢ Exponential threshold: Indicates the order of magnitude for which scientific
notation is used (base number times power of ten):

1000 -m= 3140 Exponential threshold = 5 {default)

3 [
1000-m=3,14-10 Exponential threshold = 3

e Fractions: Decimal or as rational number (numerator divided by denominator).
For numeric results, display as decimal fraction is appropriate in most cases.

1,
2

| =

=0,833 decimal (default)

by |
|

_ 5 Fracti
== raction
&

When the number of decimal places is set, the relative accuracy of the result depends on
the order of magnitude and the unit of measurement used. Therefore, the recommendation
is: Always use the significant digits mode.

o= az_bz a2:=Zm bE=3m
c=3,6lm c =3610 mm J significant figures
c=3,606m c =3a05,551mm 3 decimal places

Dr. Martin Kraska 16 September 26, 2024



CHAPTER 2. TEXT AND MATH

2.7 Cleaning Up

Regions can be arranged freely on the spreadsheet.

The evaluation always takes place from left to right and from top to bottom. The reference
point is the top left corner of the region. Therefore, within a row, the regions must be
aligned at the top edge

|a =2 cm| |b =3 -:ml

2 2
|:=="||._-=.| +k =3,61cm

Copying, Moving, or Deleting Whole Formulas

To copy, move, or delete entire formulas, you can drag a rectangular window with the
mouse over the regions to be marked. They will then appear in light blue:

Fl-=2HN F =4 H

X i 1

L

Marked areas can then be

e moved with the mouse or arrow keys,

e copied with ,

e removed with [Del| or | Ctrl X,
e duplicated with and mouse drag.

Conventions for Formatting
Formatting should be used sparingly. The following conventions are recommended:
e Input values are highlighted in light yellow.

cm
v, =30 —
o =

e Results are framed.

p=2c—52
a

Making and Removing Vertical Space

The spacing between the lines should not be unnecessarily large so that more of the
calculation can be seen at once on the screen or on the printed page.

If you want to change the vertical spacing between areas, place the red mouse pointer on
the background in between.

° creates additional space,

. or remove space.

Dr. Martin Kraska 17 September 26, 2024
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3.1 SMath and Units of Measurement

SMath is capable of performing calculations with units of measurement. Variables can be
defined with units, and results are automatically converted into specified units.

If the units do not match in sums, an error message will appear. Thus, SMath performs
a certain level of unit checking.

Not always do the units of results suggested by SMath correspond to the usual units for
the quantity. For example, the product of a force and a length could be a torque (force
times lever arm) 1N - 1m = 1 Nm or a work (force times displacement) 1N -1m = 1J.

Unit conversions are extremely simple: write the value with the given unit and display it
with the desired unit:

Write: 6°ft=

l6 £t/=1,83 mu|

The result is displayed with the default unit and in the default precision. You had
previously set the number of significant figures to 3.

Units are written in blue and upright in SMath, while variable names are written in black
and italic.

Units are internally marked with a preceding prime, so the letter m can represent the
variable m (mass) and also the unit m (meter).

m:==1 kg L:=1m

For the example worksheet, only the first two sections of this chapter are needed.
However, the sections on angles, angular velocities, and temperature units are still impor-
tant, as not everything is intuitive and mistakes are often made.

18



CHAPTER 3. UNITS OF MEASUREMENT

3.2 Inserting Units
Units are essentially just specially marked variable names that are internally converted
to base units.

The quickest way to enter units is by using the keyboard. The dynamic assistance shows
whether the name is recognized.

m1=1~k£

T ke |~ |[Klogram (ass) |
Y kef |F'ress TAB toinsent |
¥ kHz

¥ kB

Yhkp Vv

To insert units, there is a selection dialog that can be accessed via Insert> Unit... (also

reachable via or through the h 4 button in the toolbar). In this dialog, you can

narrow down the options based on the physical dimension or by typing letters (Quick
Search):

Inzert Unit pod
Dimension/Property: LInit (283):
~ | |Acre (acre) A
Acceleration Ampere [A)
Area Angstrom (A)
Capacitance Angstrom (‘Angstrom)
Catahtic activity Are (a

Charge
Dimensionless Atmosphere (atm)
Dipole moment Atom (atom)
Dosze Awogadro's number (N _A) b
Blectric conductance or admitt: . :

Blectric cument Quick search:

Energy al |

Definition:

11
18u=1,485978707-10 m

Under Dimension/Property > Physical Constants, you will find several predefined
physical constants.

A special unit is the percent, which represents the factor 1/100.

13:=0,01 ;=40 b:=70
: a %:57,1%

Dr. Martin Kraska 19 September 26, 2024



CHAPTER 3. UNITS OF MEASUREMENT

3.3 Units in the Result Display

SMath provides unit suggestions for results.

[1n-1m=1 71

If the result is work (force times distance), then that is appropriate. However, if it is
meant to be a torque (force times lever arm), then one would not want to leave it as J.

The desired result unit can be typed into the black placeholder to the right of the result
or inserted from the selection dialog. Composite units can be constructed using the
appropriate arithmetic operators (divide, multiply or powers).

I1N-1m=1HNm

The recalculation occurs only when you leave the formula region (by clicking elsewhere

or by using the arrow keys | | | or [ 1| to exit the current region).

In this way, unit conversions are extremely simple: write the value with the given unit
and display it with the desired unit:

Please write: 6°ft=

|6 £tJ=1,23 mu|

Then place the cursor in the placeholder on the right and type >km or confirm km in the

dynamic assistance using .

6 ft=0,00183 km

Here, you can see the advantage of the result display with three significant figures instead
of a fixed number of decimal places. The required number of decimal places is determined
automatically.

With three decimal places, you would only see the value 0.001 km here.

Example worksheet: Check the formulas and make any necessary additions and correc-
tions.

Dr. Martin Kraska 20 September 26, 2024



CHAPTER 3. UNITS OF MEASUREMENT

3.4 Degrees and Radians

The base unit for angles is the radian (rad), which is the dimensionless ratio u/r between
the arc length v and the radius r. For a full circle, with u = 27r, this equals 27. Ad-
ditionally, SMath comes with other predefined angular units, which are always internally
converted to radians.

1rad=57,2958 ° base unit: radian
1°*=1° degree
o
1grad=0,9° grad, gon Y t=1grad
1 rev=360 " revolution lrev=2-mrad
=L e minute of arc

&0
irm= SE second of arc

3600

Note: Some results are displayed symbolically (operator — in the arithmetic palette), so
there are no decimal fractions, but rather 1/60, 1/3600, or 27.

Trigonometric functions expect their argument in radians. However, since values in de-
grees are correctly converted to radians, one can, for example, write 90° instead of /2.

=1 2in (180 °)=0 =in(%0°)=1

sin(m)=0 =zin

atan(l)=0,785 numerc
o .
atamn [1)= z symbaolic

atan[1]=45 @
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3.5 Frequencies and Angular Velocities

Frequency (symbol f) is the number of events (oscillation periods, impulses) per unit
time. It is measured in Hz (Hertz).

Angular velocity (symbol w, lowercase Omega) is the angle covered per unit time during
a rotation. It is measured in rad/s.

Circular frequency is a special angular velocity used in harmonic oscillations. In this
case, a full period is assigned the angular value 27. Circular frequency is also
measured in rad/s.

Rotational speed (symbol n) is physically an angular velocity, but it is defined like a
frequency, that is, events (full rotations) per unit time. It is measured in 1/min or
min~tor rpm. Frequently, the term "RPM” refers to the quantity itself instead of
the unit.

SMath deviates from these conventions in two ways:

e In SMath, the unit rev = 2 is defined as an angle! Therefore, 10 rpm is an angular
velocity. When using given formulas for rotational speeds, one may only use the
unit min~"'.

e By default, SMath considers anything with the dimension 1/time to be a frequency.
Therefore, even for angular velocities, the result (in numerical evaluation) will ini-
tially display the unit Hz (Hertz), which is, of course, incorrect. The correct units
here are 1/s or rad/s (manually specify as result unit).

20 ® 20 ®° 1 20° rad

=0, 349 Hz =0,345 = =0,349
=] 3 3 =1 3

In the case of rotational speed, the specification in Hz is correct, as it measures
events per unit time.

min =0,0167 H=z

For rotational speed and angular velocity, different equations apply. An example:
The power P is the product of torque M and angular velocity w.

@ = 3000 =%

_ M:=100Nm Pi=@-M=31,4 kW
mlirnm

o=312 222
3
If calculations are performed using rotational speed instead of angular velocity, then the
conversion factor 27 must be integrated into the formula.

n-=3000min M:=100Hm FP:=Z2-m-n-M=31,4 kW

n =50 H=z

See Section 3.7 for deeper discussion of numerical-value equations versus physical equa-
tions.
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3.6 Temperature Units

The conversion formulas for temperatures (state variables) and temperature differences
are different.

Temperature It holds that 0°C = 273.15K and 0 K = —273.15°C.
Temperature difference: 1K =1°C.
The user must indicate whether a value is a temperature or a temperature difference.

The solution in SMath: For temperature changes, units such as °C (degrees Celsius) and
°F (degrees Fahrenheit) are prefixed with a A.

K (Kelvin) can be used for both temperatures and differences (changes) of temperature,
as this is an absolute unit without a zero point shift.

The examples in red show what happens if the distinction is not observed in SMath!
Temperature 20 "C=233 K
300 E=26,8 °C
Temperature + difference =temperature 10 °C+20 KE=30 °C
10 *C+ 20 A°C =30 °C

10 *C+ 20 *C=303 °C

Temperature -temperature = difference 10 "C—-20 "C=-10EK

Caution with negative numerical values in non-absolute units! These must be en-
closed in parentheses!

-10 °C=-556 "C (-10)°C=-10"°C

What happened here? On the left side, it actually states: Zero minus ten degrees Celsius.

Due to the order of operations (multiplication before addition), SMath first calculates
10°C = 283.15 K and then applies the minus sign.

Thus, the left side is evaluated completely correctly as —(10°C) = —(283.15K).

When displaying in °C, 273.15 must be subtracted from the Kelvin value, resulting in a
value of -556.3.

However, outside of SMath, the minus is considered part of the number and not as a
subtraction operation. Hence the confusion. The familiar behavior must therefore be
enforced with parentheses.

For the math experts: The author of SMath made the design decision to use unusual low
priority of the unary minus operator.
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3.7 Numerical-Value Equations

In physics, the formula should not depend on the units of measurement used. Such
equations are called physical equations or quantity equations.

However, in engineering regulations and documentation, one often encounters formulas
that only work with specific units of measurement. These are called numerical-value
equations. They are simple to use in hand calc and in non-unit aware software as Excel,
because all required unit conversions are embedded in a separate factor. This factor is
valid only for the specified sets of units and people tend to forget about this. Therefore, use
of such equations is strongly discouraged. Use them only if you can’t find the appropriate
physical equation or if regulations or authorities enforce you to do so.

SMath formulas are expected to be physical formulas, where the variables represent quan-
tities with measurement number and unit of measurement. For example, here we directly
use the physical equation to calculate the damping ratio in the example worksheet from
the system constants:

-1

. N .
Mass m:=1 kg Stiffness =1 p— Damping constant d=1 N-[E
3

Damping ratio Dm—
ping Z2-4c-m

The following numerical-value equation gives the damping ratio in % if the damping
constant is given in N/(m/s), the mass in kg and the stiffness in N/cm. The symbols for
the numerical values indicate the units used.

d cm/s
Dy = 5001
4/ CN/cm Mg

The symbols in this equation are numerical values (hence the name of such equations).
In SMath, we create them from the physical quantities by dividing them by the required
unit.

d D
4 = =0,01 e ==—"=1 m =2=1 p ==
o= x T kg %
I CIm
d_ 3
D =500 g | ¥ o FT0L05
. i
n n

Hint: SMath Studio can be used to design numerical value equations: Here is how you
find the factor in the above equation using SMath Studio’s solve () function.

aolve s £:0:1000|=500
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Contents
4.1 X-Y Plot (Plugin) . . . . . .. .. ... .. ... 26
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4.3 Lists. . . . . . .o 29

SMath comes with a very simple plot region by default. This allows for quick genera-
tion of function representations. However, there are limited options for customizing the
appearance.

The X-Y Plot region from the X-Y Plot plugin offers more options. It is recommended
as the standard and used in the example worksheet.

Lists (see Section 4.3) can be used to represent multiple functions in a single plot.

{sin (=)

coz [}!]l

Three-dimensional diagrams can only be created using the Maxima plugin, which is not
covered in this introduction, a thorough reference can be found in Kraska (2023).
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4.1 X-Y Plot (Plugin)

This feature requires the X-Y Plot plugin. Here’s how to install it:

e Options > Plugins...
e In the top right: change "Local Storage" to "Online Gallery".
e In the list of "Plugins," select the X-Y Plot plugin.

e Click "Install" and wait for the installation to complete.
Usually, the installed plugin works without restart of SMath.
A new X-Y plot region can be created with Insert > Plot > X-Y Plot:

1 T T T

0E I n

05 n

LI

In the placeholder at the bottom left, you can enter the expression to be plotted. You
can drag the edge markers with the mouse to change the size of the diagram. The border
disappears when you leave the area.

For function plots, any undefined name (that has no value yet) can be used as the inde-
pendent variable. In the following image, the region has been reduced to the minumum
available size.

sin(x

1

I | |
a5 - -1
= 0 -
05 - -
-1 1 1 |
-25 a 25
X

-5

sin[x)

If multiple expressions are to be plotted, a list is needed (see section 4.3).
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Settings

The settings dialog can be opened by double-clicking on the plot or by using the context
menu (right-click)> Settings.

<% Formatting X-Y Plot x
o=|4 |
v Darstellung *
3 | Grid (...}
v ()

LabelFont Arial; 10pt

LabelFontColor || Black

TickFont Anal; 8pt

TickFontColor ] Black

XlLabel Zeitin 5

Y2Llabel y2

YLabel Auslenkung in cm
% | | egend (...)

BackColor [ ] white

BorderColor Il Black y

Important Settings
e Labels > XLabel, YLabel: Labels for the axes
e X-Axis > Max, Min, Ticks: Range settings and axis tick spacing for the x-axis
e Y-Axis > Max, Min, Ticks: Range settings and axis tick spacing for the y-axis.

Range Settings with the Mouse

First, the plot must be clicked so that the edge markers are visible (plot has mouse focus).
e Move the view: Click and drag the diagram area
e Zoom both axes: Mouse wheel
e Zoom only the z-axis: + mouse wheel
e Zoom only the y-axis: -+ mouse wheel

Example worksheet: Now you can create the diagram. Write x(t) in the placeholder.
Multiply ¢ by the unit s (second) and divide the result by the desired display unit cm.
Adjust the axis labels and ranges accordingly.

Dr. Martin Kraska 27 September 26, 2024



CHAPTER 4. PLOTTING

4.2 2D-Plot (native)

The native 2D plot region does not require installation of plugins. Such regions are created
using a hot key or via menu entry.

.
e Insert> Plot> 2D

A plot region will appear. The expression to be plotted is entered in the placeholder. The
independent variable must be named .

¥

sin(x)

Range Settings with the Mouse
Mouse control works as in the X-Y plot. First, the plot must be clicked so that the edge
markers are visible (plot has mouse focus).

e Move the view: Click and drag the diagram area

e Zoom both axes: Mouse wheel

e Zoom only the x-axis: -+ mouse wheel

e Zoom only the y-axis: -+ mouse wheel

There is no settings dialog for the native 2D plot. When dealing with very small or very
large values, it can be cumbersome to scale the axes using the mouse wheel. In such cases,
the axes can be scaled by using appropriate factors in the expression to be represented:

e x-axis: Multiply = by a factor
e y-axis: Multiply the expression by a factor

If multiple expressions are to be represented, a list is needed (see section 4.3).
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4.3 Lists

If you want to have multiple curves in one diagram, you can group the expressions in a
list (SMath designation "System"). Lists can be created by

e Typing sys (Tab key) or
e Using the symbol & in the Functions palette of the sidebar.

Example:

sys [S] sin(x cos (x

sin (x)
CosS [}!)
Change the size of the list with the mouse:
e Click on the bracket of the list

e Drag with the mouse at the grab point in the bottom right corner

L

Insert list elements:
e Place the insertion cursor on an element

e Type the argument separator B A new placeholder will appear.
1 1
2 1
2

Delete list elements:

e Place the insertion cursor on an element

e Press the Backspace or Delete key multiple times.
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5 Editable Sketches

Contents
5.1 Creating and Adjusting an Image Region . . . . . . . . . .. 31
5.2 Editing theImage . . . . . . . . . . . ... ... ... 32

For technical calculations, sketches are often needed. Such sketches may change during
the work on the document. Therefore, it is beneficial if they can be edited directly from
within SMath. One way to do this is demonstrated here.

You need to install the Image Region Plugin. Here’s how to do it:
e Options > Plugins...
e In the top right: change "Local Storage" to "Online Gallery".
e In the list of "Plugins," select the Image Region plugin.
e Click "Install" and wait for the installation to complete.

Now you will find the option to insert an image region under Insert> Image. If it’s not
there, restart SMath.
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5.1 Creating and Adjusting an Image Region

First, you insert an image region: Insert> Image and drag it to the approximate desired
size:

|
1
In the placeholder at the bottom left, you can specify the name of an image file. However,
you can also create an empty image file and then edit it directly from SMath.

For this, the context menu (right-click) is important:

Display input data I

Teggle breakpoint  Strg+F2

Show description

Dizable evaluation

[Open With... |
Import...
Export...
| Blank File Type v | * png
Irnage Rotation L *5vg
[5witch border on/off | * psd
Reset to original size * pdf
* dxf
*.dwg
*skp
*.cdr

Display input data: Here you can disable the display of the placeholder.

Open With: Here you can specify which program should open the image file. The
default is the system’s standard program for the selected file type.

Blank File Type: Selection of the internal file format (default is PNG).
Switch border on/off: Here you can disable the border of the image.
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5.2 Editing the Image

Use Context menu> Open With... to select and start a program for editing the file.
Double click on the image region launches the default program for the selected file format.

In the editing program, you create the file contents. Here is an example of what it looks
like in Paint, where a PNG file is being edited:

= S = | yuled.png - Paint

m Start Ansicht

Einflgen Auswahlen

- -

Zwischenablage
=]
u] o
Then close the program (if you forgot to save, you will be prompted to do so). You may
need to click next to the image in order to see the changes in SMath:

—F

It is best to create the annotations directly in SMath by overlaying formulas on the image.
This ensures a consistent appearance of symbols throughout the worksheet.

_.
= E

Images created in this way are saved with the worksheet and can be edited later. This can
be done by double-clicking on the image or using the Context menu> Open With....
The image will then open in the preset or selected program.

Example Worksheet: Create the system diagram and label it in SMath.
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6.1 Export as PDF

For sharing worksheets as a PDF, you have two options:
1. Via the print output. A PDF printer must be set up in the system for this.
2. Using File> Save As. In the dialog, select the file type below the file name entry.

Dateiname: | Worksheet1.sm

Dateityp: [SMath Solver files (*.sm)

SMath Solver files (*.sm)

SMath Solver compressed files (*.smz)
= el i XeLaTeX Document (*.tex)

ODF Text Document {*.odt)

Excel files (*xls)

.I = Excel Open XML Format files (*.xlsx)

-
i HTML files (*.htm:* html)

Image files (*.png;*.bmp;*.gif;* jpg)
Scalable Vector Graphics files (*.svg)
Executable files (*.exe)

For this, the PDF Files plugin must be installed. Here’s how to do it:

e Options > Plugins...
e In the top right: change "Local Storage" to "Online Gallery".
e In the list of "Plugins," select the PDF Files plugin.

e Click "Install" and wait for the installation to complete.

Usually, the installed plugin works without needing to restart SMath.

Example Worksheet: Export the document as a PDF and check the result with a PDF
viewer.
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6.2 The SMath User Forum

The SMath community is primarily active in the Anwenderforum on the SMath website.

You can read the forum without a user account. However, to post contributions, you must
register and log in (independently of SMath activation). Due to excessive spamming,
registration to the forum is sometimes disabled.

Factors for a good chance of receiving answers:

e Search the forum first to see if similar questions have already been asked.

e Explain the problem with the simplest possible example (minimum working exam-
ple).

e Attach the example as a .sm file and as an image (screenshot) so that readers can
understand what the issue is without having to download and open the file.

For small documents, create the image using File> Save as> File type: Image files.
This will save the file as a PNG, similar to exporting as a PDF.

Creating a Post in the Forum

e Log in.

Search for an appropriate subforum in the forum, e.g., Bugs & Problems.

Start a new discussion with (bottom right).

Provide at least a title (Subject) and a message text (Message).

Inserting images and files: A bit cumbersome, but still important.

— Press the paperclip button.
| ESCIR A ENEN 1= Vi EARE S

|

|
I
i
i
ki
m
¥
]
—_—
==
==}
S
—

— In the new window, select "Upload new files".

In the dialog, either drag files onto "Drop file(s) here" or use the button| + Add file(s) |

— Then press — Start Upload(s) |.

e References to the imported data will appear in the text editor: [attach]19130[/attach].

e With (below the editor window), you can get a preview, and with ,

you save the post.
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6.3 Offline Activation

By default, SMath Studio requires an active internet connection for license activation.
The credencials (user name and password) must be input whenever you start SMath. If
the connection is lost, SMath blockes completely until you confirm the logout in a separate
dialog, which may be hard to find on the desktop (is not in the foreground by default).

In this dialog, select

o if you re-established the internet connection.

. ’Close a program‘ to close SMath (with eventually loosing your work)

e |Sign Out| to continue in de-activated mode

Follow these steps for offline activation, to avoid such problems.

1. Log in to smath.com. If you are not logged in, the following steps won’t work.

2. Click the red button in the top right corner of the SMath program. This
opens the "Account” dialog;:
Account - 5Math Studio Desktop X

To activate SMath Studio open the built-in camera app on your compatible phone or
tablet connected to Internet. Pointthe camera at the QR code and tap the bannerthat
appears on your phone or tablet. Follow the instructions on the screen to finish signing

in.

Upload the received license activation file here: | Select license file to activate ..

| Cther options to activate

Faor any questions related to activation process please contact our Support Team.

3. Use the QR-code. This should get you to the Licensing page, go on with item 5
below.

4. or use the link ’Other options to activate | and in the new window follow the link
"this hyperlink” (first option)
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Account - 5Math Studio Desktop *

Choose one of the options to activate SMath Studio:

s Open perlink lizsing any device connected to the Internet. Follow the
instructione 1o receve the license activation file;

& Open My Licenses page on the official web-site, click on Offline Activation of
Program and follow the instructions there;

& Contact our Support Team an the official web-site or by phone mentioned in vour
license agreement (if applicable].

IIze the following data to receive the license activation file:
Device D

(T W, e L e P |

Program Version

[1.29018.0 |

IUpload the received license activation file here: | Select license file to activate..

For any questions related to activation process please contact our Support Team.

5. On this page, select the license to be activated if necessary.

The data for "Device ID" and "Program Version" can be found in the Account
dialog above. Set the reservation time for the device from which the Device 1D
originates.

6. With "Activate License," the reservation is executed, and the license file is down-
loaded (with the extension .lic).

7. In SMath (dialog under point 2), select the received license file by clicking "Select
license file to activate." The program is now activated offline, so you no longer need
to log in to activate it.

2 Martin Krazka (Offling)
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6.4 Interactive Manual

In the Extension Management (Tools> Plugins), you have access to manuals and ex-
amples. Make sure that you have switched to the online gallery.

Extensions Manager X
% SMath Studio ’y o
Handbooks 2 Oniine gallery
P =
= SMath Studio Handbuch (348 Selten) 2020.09.17.00 A
3 by Martin Kraska 10,42MB
lad Handbuch zur portablen THB-Distribution von SMath Studio. Erste Schritte, =5
. Mathematik, Grafik, Programmierung, Erweiterungen
5, Plugins
& Applications ¥ SMath Studio priruénk 2011.12
Srippets A by Marjan Dizdar 1.59MB
P Prinuénik za apsolutnog pocetnika B
E Translations |_POF |

Recommended Resources

e The German manual (almost 350 pages, under Handbooks), the most comprehen-
sive presentation of the program, though it is from 2020.

e The interactive tutorial (SMath document with exercises, under Examples). It is
somewhat more extensive and detailed than the present guide.

e The interactive manual (under Interactive books). It can be accessed after in-
stallation using the |7 | button in the toolbar.

1. Select the Interactive SMath Handbook, then | Download|.

2. Check the box ‘Use by default |.

3. Start with |7 |in the toolbar.
€ Reference book — O >

Home Back Copy
H

SMath Studioc Handbook 0.99.6671
Links work either with Click or Ctrl-Click, depending
on document settings. In doubt try both.

Stale links Not yet filled with contents

Program Operation

SMath Studio documents
Import/Export of data and documents

Mathematics
Graphics
Units of Measurement

Programming
Plugins

Howto

Examples
Function index
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6.5 Further Reading

There is not much literature on SMath, some books are listed on the official website. You
can also find inspiration in books about the use of Mathcad and dialog-oriented computer
algebra systems for technical calculations.

Liengme (2015) First book on SMath on the market.

Oukos et al. (2023) Russian lecture notes with many

interesting applications in logistics, geometry, mechanics,
thermodynamics and astronomy. Extensive support material

HHOOPMAIIHOHHBIE .

TEXHOTOMMN can be found at twt.mpei.ac.ru/OCHKOV /smath.

PACYETAX:
SMATH

Kraska (2023) Handbook with focus on the Maxima plugin,
which brings computer algebra and 3D plotting to SMath
Studio. DOI 10.25933/opus4-2949
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