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Abstract: The article describes the incorporation of pikgperiment of remotely controlled laboratory tastoiphysical
education at the Faculty of Materials Science arethfiology. It deals with the measurements of thsicba
characteristics of electrical voltage source. Tidividual parts of arrangement were realized byI8ES-kit that is
capable to command the measuring procedures anahtsform the corresponding values via computer.présent an
evaluation of the test, completed by students dexduto the process. It has been realized in theiome laboratory
experiment by two different methods — via classineasurement and via internet. Relevant results hegn evaluated
by Kolmogorov's-Smirnov’s statistical method.

1 Introduction L —
Remote real laboratory is a modern device of ctirren |'A ‘R—'
cognition, representing a new strategy of curreat e z
learning [1]. Therefore, there exists a growingligagion Uo r
of it in education, including the teaching processhe | :'_4|_+
universities, too. +
Also our department participates in the preparation
of remote experiments — in the framework of int&oreal , J\D‘
cooperation. We have prepared the experiment
“Measurements of the Characteristics of DC-Voltage Figure 1 Basic dlassical connection for measuring
Source”. The complete device had been connectéueto of the characteristics of the DC- electrical source

internet network so that users can remotely corttrel

experiment. In this article we describe the pritecip HereUs = R, andl, is the current that runs by resistor
of operation of such device when operating oves Way. R,. (It is not necessary to take to account the t@sies
This task is usually being a part of common edwoosith  of measuring instruments because of the resistahce
other technical and natural-science faculties, atdthe ammeter is considered to be equal to zero, andaslyi
secondary level, too. It is also contained in thetents the resistance of voltmeter is considered to bimitej.

of our teaching programme. The article describeSn the basis of this relationship, it is possilderteasure

a comparison of both methods of measurement — tkiee internal resistanaeof the source.

classical one and through local computer - and the The measurements of basic characteristics of the

expression of students. voltage source can be done either by using a chlssi
involvement (that is in principle identical withdtire 1),
2 Physical Theory and Technical or by the computer-supported experiment, respdygtive
Description of Measurements The corre_sponding_ scheme of_ it in the block
The voltagels being applied to the external resistof€Presentation is depicted below (Figure 2).
R.is always less than the electrical voltage on theawt It consists of the following parts: DC-voltage soeir

source olJ,. If we should use the connection as in Figuri%'th the internal resistanog ammeter A, voltmeter V,

1, the competent relationship between these qiasitins 102d resistancer, ohmmeterQ and switching relay.
the form In our experiments they had been realized by medule

Ug=r.l +R,.1 o =r.1 +Ug. 1 ISES [2], [3], [4], that are controlled directly lkbpmputer
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(Figure 2). Theload resistand®, has been changed The installation of the compilation language Jaga i

in continuous steps by the switching relay. necessary for user for correct compatibility of the
computer with experiment (as it is warned in thei
Module B Module E page). Web page is presented in three languagkwakS
-ammeter  -switching relay Czech and English. Now we are dealing with English
********** K mutation. After clicking on the address, the foliog
oL sub-page will appear (Figure 4):
____________ - SR -
i :--- T ---i Measuring ch istics of the one-directional electrical source
E i ((D E Introduction :: Motivation :: Theory :: Assigment :: Experiment :: E
- ! : What is ISES ?
i ————p-—- 1SES - Intalligent School Education System
L Module C S ey b oy o B ey s i o o
. VOItmeter 'Oh mmetel This experiment has bee.nl eeot e Sicyak rechea! et Depatmant ot Material Phyzics; Facu (ofMatenal)
- '. Requests for experiment:
Figure 2 Block scheme of the measuring arrangement, e e
suitable for computer cooperation, realized by ISES Some tiserullleslinks
components (indicated by dashes) e

Figure 4 Title page

The arrangement and integration of individual
modules and other components of the experimerithis window is identical with the sub-paberoduction,
corresponding to this scheme, is presented on phatm. The dealing with the sitd@heory is not necessary,
(Figure 3). We have investigated the charactesistibecause of it has been described above. The folgpwi
of voltage source LABORATORY POWER SUPPLY,items Motivation and Assignment have the forms which
where the set point of 2 V has been fixed (thisieak are imaged in the next sites (Figure 5, Figure 6).
equal to the electromotive voltage).

| ) Remotetab s1u Mt [Motivacial

Measuring characteristics of the one-directional electrical source

e
Itroduction :: Motiation :: Theory :: Assigment :: Experiment :: Nl EE

Motivation

What mean the terms elecromotive and terminal voltage ?
What is internal resistance of source 2

Student has an opportunity to enter into internet physical laboratory and to exert the physical measurements from anywere
place in all of the world.

First of all, this method is suitable for the school institutions that are not able to dispose by equivalent finantial and technical
potential for building of their own laboratories.

Figure 5 The page Motivation

Figure 3 Look at the layout of the experiment.

The electrical source (gray-coloured box on the lef ¢
hand) being measured is located between the keyboa
and the computer monitor. Motherboard and the cetch
ISES modules are on the right side of monitor. Rasice
decade with the remote switching resistors is kxtan
the black box on the right side a web camera igeday
red arrow. White arrow shows the red control ligtt
switching relay. The time traces of voltage, cutréoad
resistance and switching relays are imaged in rognit

simultaneously. /
3 Measuring Procedures

R
. . . One-directional
The task has been located in the world-wide interne el \

network for six years (2008 — 2014), in presenisit

allowed in our local school network. Figure 6 The page Assignment

ISES

interface
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The page Assignment also offers guidance on the

measurement procedure:
1. Learn more about the experiment, aimed at d@terg
the characteristics of DC- electrical source.

We had chosen the following parameters:

Rectangular pulses in the role of commanding signal
(appointed by relay). The total measurement timaéldco
be in interval of 32 sec. It is appropriate valeeduse

2. Perform the measurements of electromotive araf the fact, that there are the kit of 16 resistgosally),

terminal voltage of source with various resistivees
of load resistanchi,.
3. Using the measured values ©fU,, R, andl determine
- on the basis of the formula (1) - the value o¢éinal
resistance r of the source for
with following determining of the arithmetic avgea
4. Draw the graphical records of terminal voltaged a
current in the circuit on the load resistance. tiign
the approximate value of the internal resistancethef
source from the current dependence.
5. Discuss the size of power and efficiency of $barce
on the size of a resistive load.
6. Draw up a paper with the following points:
a. Physical introduction
b. Description of the experiment and layout
c. Measurement procedure
d. Table of measured values afUs, | andR, with
the relevant calculation of the resistancicluding
the arithmetic average
e. Graphical dependences:
- terminal voltageJs as a function of load
resistancdr;,
- current in the circuit as a function of load
resistancey,, with the extrapolation of
estimater
- powerP, as a function of load resistanke
- efficiencyn as a function of load resistance
Rz

The actual process of measurement can be madegthroy ;i ¢
site Experiment. When you click on it, the next sub-page g1

will appear (Figure 7):

Parametry vystupniho kanalu

Modul m&¥eni  Definice funkce I

’ [vistupni kanal: E
[~ Vystupni signal:
obdélnikoy

Parametry: Ukézka generovaného signélu:

Hladina:
Amplituda:
Erekvence:
Pocet period:

Fézovy posuv:

each measurent,

included in measurement and a duration of eachlsimp
pulse is 2 sec. (it represents the opposite value
of frequency). In the same time period, the rollzigelay
happens, too.
The automatic measuring procedure is activated by
the clicking on the itemSart and it is directed by
switching of the relay. The time operation of thecuit
can be presented as aset offour courses - vpltage
current, resistance load and switching pulses. rThei
shapes are — in case that all the four moduleacieated
simultaneously - illustrated in Figure 8 (they atentical
with the pictures on the monitor in the background
Figure 3).

The first graph represents the electromotive veltag
(in the 1st, 3rd, 5th....etc, i.e. the odd int&syvavhen
the load resistance has been disconnected frosotiree
by means of relay), and the applied voltage (in 2hd,
4th, 6th...etc, i.e. in the even intervals, whem ltad has
been connected to the source).

@Experiment Upravy MEfeni Zobrazeni Zpracovéni Néstrojs Okna  Mapowéda
OUSCHX AWM EESHERE IS P2 EE|
o |

wle

10
100 Hz; 3. 11. 2008 11:39

0

£ 100 He; 3. 11. 2008 11:39:32; [3 201]

5 . 10
f: 100 Hz; 3. 11. 2008 11:39

[¢f ok ][ cancel | [ Hep |

Figure 7 A dialogue window after the activation of relay;
the rectangl e pul ses being commanding the experiment are
imaged in right white window (the descriptionin the pictureis
made in Czech language, given by producer of an |SESkit)

Figure 8 The time courses for the quantities being measured, as
they were recorded and imaged in the screen of local computer
(it isvisible on the background in Figure 3, too).
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In the secondyraph we can see the change of currel
passing through the resistance load; the singles stee m 15% - yes B0% - no B 5% - rather no
synchronized with the previous case.

The third graph reflectshe size of load resistance
being used (the corresponding values are layinghe
bottoms of rectangular pulses in each odd interwhken
the load has been disconnected from the sourcetritie
a small value, but by means of enlargement of giagh
possible the corresponding determination to makg)ea
The fourth graph showihe switching of relay. The odd
and the even steps have the same sense as inst® (u

030% - Idon’t
know

0 50% - rather
yes

mentioned above. Figure 9 Graphical illustration of responses distribution
The results having obtained have confirmed corresponding to the question
the known fact that the current is declining with
increasing load resistance, while the accomparpeties As we can see, the most numerous part of students

voltage is growing. The time courses also show tndould prefer to measure the internal resistance
expected result, that the applied voltage increagtss ~Of resource by means of computer. As it resultsnfro
increasing size of the load resistance, and treattirent, these examinations, the value of the test criteligrD,35

in turn, decreases. As we found from the measuakebs, and critical value oDy 05~ 0,294. Because @1 Dyo05

the size of the internal resistance is equal ta10t is We reject the null hypothesis (it supposed thatatmeunt
possible to calculate an internal resistance afcegiand Of students prefering some of both methods will be
to plot the dependences of the performance of comsu divided equally on all five possible responses)ttat
and the efficiency of source to the size of thelloesistor ~ Significance level of 0,05.

- from relevant numerical results. It would be aktdor

students to conclude experimental procedure. Conclusions
The experiment being presented above belongs to
4 Pedagogical View the file of Czech and Slovak physics tasks, colgtolia

The pilot implementation into education at techhicanternet, which set is constantly replenished. fillieg
university has been realized in Faculty of MaterialOf this task can be applied in teaching on physictires
Science and Technology of Slovak Universityconcerned with the topics on power supplies, aassm
of Technology in Trnava, Slovakia. Fifty studentsrey the labs. The pilot implementation into the edumatthat
measuring the internal resistance of the sourd¥®s been realized in our faculty and it is desdribere,
in the framework of laboratory exercises. Studemtse confirms the fact that this form of practical exees is
enable to measure the physical quantity by botftractive and suitable for students. It can bel_lappas
of methods, by classical way (using their own catioa 2 filling work for student groups being interested
and hand controls) and also by mentioned mannér wilh Physics in secondary schools, too.
using a computer. Students have expressed theiroopi
considering these methods in a questionnaire aftdeknowledgement
absolving the measurements. Related answers wdr@is article was supported by the state grant agenc

processed and evaluated statistically using tHd Slovak Republic KEGA within the research project
Kolmogorov’s_Smirnov’S correlation test [5] 001STU-4/2014: ”Implementatlon of non-destructive

Students were asked by following question: methods for the description of the physical chardstics
“Does the remote-controlled method present a better Of advanced thin-layered materials.”
possibility for understanding of the theory like

classical method?” References
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