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LabRecon - Equation wiring object

LabRecon software (Windows, Mac OS X, or
Linux) and hardware provides a stimulating
educational environment for science and
engineering by allowing students and educators
to easily create rich graphical interfaces for
measurements, robotic control, or simulation.
Users can create a “Panel” using a drag-and-
drop graphical input and output objects and
implement algorithms and calculations using
LabRecon’s “Wiring” graphical programming
language.
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One of the many Wiring objects is the Equation
object. Equations can be built by wiring
individual mathematical operations and
constants together, however the Equation object
provides a convenient alternate method.

Below is an example of the Equation object
being added as a replacement of the alternative
method above it wherein individual operations
were used to implement Plank’s Law for
blackbody radiation.
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Right-clicking and the Equation object and
selecting “Properties” will open its Properties
window.

One can scroll through the list of equations to
select. Note that multiple Equation objects can
be used on the Wiring window to incorporate
various calculations.

Clicking of the “Equation Information” button

LabRecon - Equation Wiring Object

will open a window discussing the equation.

A “Test Values” section shows example values
for the selected equation and new input values
can be typed or pasted. The object on the
Wiring window performs its evaluation based
on the wires connected to its inputs on its left
side and the result is fed to a wire connected
to its output on its right side.
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Equation Select:

Lorentz Time Dilation

Lorentz Time Dilation (Delta)

Lorentz Length Contraction
Gravitational Time Dilation

Energy Mass Equivalence

Plank's Law (Elack Body radiation) nm
Plank's Law (Elack Body radiation) um
Wien's displacement law

Newton's lav of gravitation

Escape welocity (Earth)

Escape wvelocity (General)

Satellite Orbital Welocity (Earth)
Satellite Orbital Welocity (General)

At At

Ballistics: Max height (Earth) i
One may ask, 'Why are the equations for time dilation and length
Equation Information: [ Expand Equation Information ! contraction not called the Einstein transformations?' or 'Why isn't
Caleulates the amount by which time slows in a mowing reference # [|Lorentz credited with Jpecial Relativity theoryz'.
frame, relative to that of an ohserver at rest. Lorentz presented the transformation for length contraction in an
Note that this equation differs from the Lorentz transformation effort to explain the results of the Michelson-Morley experiment.
4 for time, which has an 'x' terwm for position in the numerator, to iy This experiment was performed to measure the speed of the Earth's
- M notion through the then hypothesized 'ether', thought to be a nedium
TestValues: llpervading the entire universe to support the propagation of
Input v alues Cutput Value electromagmetic waves such as light. A& speed of zero was measured
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Calculates the amount by which time slows in a woving reference
frame, relatiwe to that of an observer at rest.

Note that this equation differs from the Lorentz transformation
for time, which has an 'x' term for position in the numerator, to
calculate time dilation.

4lso note that the result uses a subtraction from Delta TO.

At welocities far from the speed of light, the result without this
subtraction would be wery close to 1. This subtraction provides a
result that i= close to 0 that can be represented with fewer
significant digits.

For example, for a GP3 Satellite with an orbital welocity of
4000 msz and a Delta TO of 1 5 the result iz -9.2Ze-1l1 5. Thus, tinme
on a GPS satellite is slower by 52 ps (picoseconds) for ewvery
second on the Earth's surface. Note that the greater time dilation
ornn the Earth's surface, due to the Earth's gravity, produces a
relatiwve time speed up for the satellite of 531 ps/s, thus resulting
in a net speed up of 449 ps/ss.

The example test walues represent the time dilation for the
International Space 5Station, which has an orbital welocity of
7,000 m/= resulting in its time slowing by 330 ps for every second
on the Earth's surface. This is emquiwalent to 10 wns per year.

with this experiment and subsequent variations and wany physicists
were proposing warious theories to reconcile the results.

Einstein was the first to propose a theory stating that time itself
can wary for a mowing object. This owerturned the long held belief
that time was absolute. This model of time forms the foundation of
Special Relatiwvity and complements the concept that all ohservers
will measure the same speed of light in their reference irrespectiwe

of their welocity. Special Relatiwvity allows one to abandon the need

Clicking on the “Start” button and selecting
“Open Sample Project” will allow one to open
any of about 50 example projects.

Simulations - Physics

for an Ether.

The first three “Physics” projects demonstrate
use of the Equation object included that on the
next page.
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Relativity Satellite Time L LabRecon Chip Test | Fuel Cell Efficiency

Relativity - Twin Paradox [_ Photovoltaic System | Hybrid Car
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- ® LabRecon - Equation Wiring Object

Below is a Sample Project using multiple Clicking on the lower left “Help” button will
Equation objects to determine the relavistic present a discussion on the calculations and
time effects on satellites orbiting the Earth. one can right-click on any Equation object and
Note that any sample projects can be modified select “Help” to view notes specific to the
and saved for develop new projects or one can equation shown.

start a project from scratch.

¥ ™ LabRe faitY Menu! Palette Wiring| Satmip

=

‘GPS Orhit (20180 km)
Altitude [km]

o

=

Orbital Radius [m]

i Velocity [m/s]

Velocity Time Effect [ps]

Velocity Type

T e

C bied effect [psis] Gravitational effect [ps/s]

seconds to picoseconds
[Tes126—
o —=di Ati—
Numl ED. | [kes] 2GM o o
b Othital Speed [m] At=dtg f1- = = o Combined usfday
1000 5 E‘”‘ B L o Timeqato) =
f ! B Gravitational Time Dilation P | Sﬂit_pussffdav -
B.350008+6 B—# mLED at Satellite, see MNote 2 Ll = EEE
T
Earth Radius [m Arﬂ ard (
5.973%0+34 1GM =5
— -G B
e Earth Mass [k ¢ digy [1-——=—dt,
at baottarm [m] 7 el
Gravitational Time Dilation [P
Jet Velocity [krrhi] Velocity(Linear) 08 [atEarth's surface, see Mote 2|
In: krnihr b AT :
Qut: mis . d;ﬂ Aro A
| | | At = —— — Ay,
L& Tm] vm/sld | v[m/s] 2 o
y= ] Gme B Orbital o
T Lorentz Time Dilation (Delta) [P . ]
Satellite Orhital Velocity (Earth) [ ciEstinllis, s e oeity usiday
Note 1: =At At At Timefratio)
When an altitude is below this value the At = =0 —f”o ——In: pefs
et Welacity value will be used instead v [m /5] 2 I Qut usiday
of the Satellite Orhital Speed result. L 1— = T
- el fralldlions o 'I'Uhisé time effects are with respectto an obhserverin
Hessage Task e T G R AT ) P space far from the Earth's aravitational potential.
Show I Hext| at Earth's surface, see Mote 2 P T v ¥
[::I“E Error [Click "Help' button on panel for discussion.
05E
£ r >

© 2016 Recon Industrial Controls Corporation www.LabRecon.com



- ® LabRecon - Equation Wiring Object

Below is another Sample Project using an Clicking on the lower left “Information” button

Equation object set to calculate “Plank’s law” will present a discussion on the calculations
to produce curves for blackbody spectrums at and one can right-click on any Equation object
various temperatures. and select “Help” to view notes specific to the

equation shown.

Two XYCharts were added to present the
curves. The bottom chart properties were set
to use a logarithmic Y axis scale.
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Units Conversion wiring object

The Equation object doesn’t have any equations One can further click on the “Search” button
for unit conversions because there is a separate to type a name or description of the desired
“Units Conversion” Wiring object. object. As letters are typed a list of closely

An alternate method for adding Wiring objects ~ Matching objects is presented and one can
comprises using the “List” button to open the ~ drag a name onto the Wiring window.
object list.

[iring Diagram Objects st Search | Jv Alphabetic Order ‘ﬁ
—

Fuﬂ” Length

In: m

Search Terms: |con

Returnz an output according to s Units Conversion of the
[ input, ie, Celcius to Fahrenheit, Meter to Foat.
om

The conwersion can be set via the object's Properties.

As with most Wiring objects, multiple objects As physical quantity selections are made, the
can be added to the Wiring and individually appropriate input and output lists are updated,
configured. from which input and output units can be
selected.

The object’s Property window is shown below.
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Physical Quanity:

Length Yolume Luminous Flux

Time WelocitylLineary hMagnetic Flux

Mass WelocityiAngularn hagnetic Flux Density

Farce Fl oy Electric Current r
Torge Electric Charge

Energy FowerHeat Flow Radioactivity

Temperature Mass Flow Absorhed Radiation
Terperature(delta) llurminance Timedratio)

Angle Luminance

Area Luminous Intensity

Units In: Units Cut:

Fa: pascal # |Pa: pascal A
MM newton per square meter MIM: newwton per sguare meter

kPa: kilopascal kPa: kilopascal

MPa: Megapascal MFPa: Megapascal

FEl: pound per square inch FSI: pound per sguare inch

har. bar har. bar

mbar: millibar mbar: millibar

atm: atmosphere atm: atmosphere

mmHg:  millimeter of mercury mmHg:  millimeter of mercuny

crHg: centimeter of mercury cmHg: centimeter of mercury »
inHg: inch af mercury inHg: inch of mercury = 1
mmH20: millimeter of water mmH20: millimeter of water

cmH20: centimeter of water cmH20: centimeter of water

inH2O: inch of water * inH20: inch of water b
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Trigonometric wiring object

There is also a “Trigonometric Functions”
Wiring object.

Below it is shown being added using the search
feature.

Search

\nrlring Diggram Objectsl'ist ]

| ) Alphabetic Order ‘lg

Search Temns: |t,rig

["close | ‘

Returnz the trigonometric function wsing degrees or radians.
The function can be set by right-clicking on the ohject,
wehien on the Wiring Diagram, and zelecting 'Properties’.

Trig.
I

Right-clicking on the object and selecting
“Properties” allows one to open the below
window to select a function. One can also
select between the use of “Degrees” or

deg
sin a

The bottom Evaluation Method box is for
information only and shows how the calculation
is performed.

“Radians” for the claculations.

Trigonometric FunctionProperties ’

) A A ==

+ Degrees " Radians
Trig Function:
zin Sine
tan Tangent
sec decant
cac Cogecant
cot Cotangent
arcsin Inverse Jine
arccos Inwerse Cozine
arctan Inwerse Tangent
arcsec Inverse Secant
arcosc Inverse Cosecant
arccot Inwerse Cotangent
3inh Hyperbolic Sine
cosh Hyperbolic Cosine
tanh Hyperbolic Tangent
sech Hyperbolic Secant
csch Hyperbolic Cosecant
coth Hyperbolic Cotangent
arcsinh Inwerse Hyperbolic Sine
arccosh Inwerse Hyperbolic Cosine
arctanh Inwerse Hyperbolic Tangent
arcsech Inwerse Hyperholic Secant
arccsch Inwerse Hyperbolic Cosecant
arccoth Inwerse Hyperbolic Cotangent
Evaluation Methad:
o= ¥ * PI/f1l80; ffconvert input from Degrees to Radians
T = cosiH);
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Data Table wiring object

The Data Table object calculates outputs based Below it is shown being added using the search
on linear interpolation of a data set. feature.

des
[ close | ‘

Search 1)7 Alphabetic Order

Search Terms: |dat,a

[ Allowes a 20 array (rovwes and columns) to be imported from =
spreadsheet program such as Excel via the ohjects Properties.

Right-clicking on the object and selecting

“Properties” allows one to paste a data (5 catee |§E?ammamr:j bare o o 2
set. v Show Conversions |0 e Minia 2
The “Output Mode” must be set to “Sx Eplr{::.:eon::,a. Dat: nsr;lvrpooﬂdeson ) e e e e
Selects Row(Interpolated)” to interpolate sal 128 -
between values. Modes for other purposes ot
are available and are explained in the help e
for this window. T
The data columns can be separated with lae o8
various deliminator characters (commas, e
semicolons, tabs). gz ™
The tab deliminated data shown is for a T e
thermistor temperature sensor with the w7 as
first column representing resistance and P
the second temperature. ST
It is common to select and copy two Lasra 15
columns in a spreadsheet program, such e
as Excel, and then paste the text into the et
data box. When doing so from Excel, the sz 10
columns will be tab deliminated. ge237 20
113347 -30
143171 -35
195652 -40
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“Getting Started with Simulations” document

As shown on a previous page, the Equation object
can be used for for simulations based on one or
multiple Equation objects. However, LabRecon’s
Intergral object allows one to create simulations for
dynamics based on differential equations.

The document “LabRecon - Getting Started with
Simulations.pdf” can be downloaded at
www.LabRecon.com/Documents.html.

The above document presents various examples
of simulations for dynamics of systems such as
mechanical and thermal systems. Equavalent
electrical models are shown as well as mathematical
solutions.

Several Sample Projects for “Simulations” can be
opened for these dynamic systems.

Below are some examples from the document.
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collection of graphics for 1st order systems
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Capacitance

Inductance (H)
To use keypad to set value

Right click on any scroli to
"Set Value with Keypad™
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collection of graphics for 2nd order systems
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Additional Documents at www.LabRecon.com/Documents

LabRecon - Getting Started with the loT (Internet of Things).pdf
LabRecon - Getting Started with the Measurement Wizard.pdf
LabRecon - Getting Started with Simulations.pdf

LabRecon - Equation Object.pdf

LabRecon - Getting Started with Robotics.pdf

LabRecon - Chip Datasheet (rev 2.0).pdf

LabRecon - MiniDAQ Datasheet (rev1.0).pdf

LabRecon - Chip Quick Start Sheet.pdf

LabRecon - Breadboard Experimenter (rev0).pdf

LabRecon - Photovoltaics.pdf

LabRecon - Reflow Oven PID Control.pdf

LabRecon - Measurement Configuration.pdf

Instructional Videos
www.LabRecon.com/videos

Revisions to this Document
Rev 0 Initial release

Support

www.LabRecon.com/help
support@LabRecon.com

Contact
info@LabRecon.com
Recon Industrial Controls Corp.

9 East Sheffield Ave.
Englewood, NJ 07631

201-894-0800

Copyrights and Trademarks

This documentation is Copyright 2016 by Recon Industrial Controls Corp.
LabRecon is a registered trademark of Recon Industrial Controls Corp.

Disclaimer of Liability

Recon Industrial Controls Corp does not assume any liability arising from the
use of this product and related software described herein. Recon is not
responsible for any equipment or property damage or personal injury resulting
from the use or failure of this product and related software.

This product and related documentation are supplied as-is and no warranty
is made or implied as to their use for any particular application.
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