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Abstract
Laboratory observations, experiments and measurements in the teaching of physics, as an empirical science
discipline, play an irreplaceable role in the cognitive process. They provide a unique opportunity to
practical verification of knowledge acquired by students, with the elements of scientific research and
experimentation.
The empirical methods of learning are closely linked to the theoretical and vice versa. The empirical
approach would not be complete without a theoretical and theoretical verification and discovery is not a
discovery until confirmed by an experiment.
Laboratory measurements Significantly increase an interest in the subject of physical knowledge, represent
the verification and phases of research and teaching unit in which the students are directly and actively
involved.
Keywords: laboratory observations, experiments, measurements, empirical methods, electrical circuits.
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Introduction
The school reform implemented under the new Education Act of the Slovak Republic on education and
training, from September 2008, sets out new principles of education, which the schools have been seeking
for 7 years to integrate into their teaching.
One of the main objectives of the reform is also to enable students to gain competence in the fields of
engineering, science and technology. With respect thereto, the objectives in teaching physics in secondary
comprehensive schools are immediately as follows:
 to understand the natural aspects affecting the lives of people and to be able to explain natural phenomena
in one´s area
 to acquire some basic terms, principles and methods of science
 to acquire basic procedures that science uses to acquire new knowledge
 to be able to obtain information about nature and its components through one´s own observations and
experiments in the laboratory and in nature
 to achieve the ability to work with graphs, tables, diagrams, drawings, sketches, maps
 to be able to use the means of information and communication technologies in the evaluation and
processing of obtained data
 to create one´s own judgment about those aspects of science knowledge, which are essential to the life of
society.
The last of these goals is the most important in physics as a prominently empirical scientific discipline and
its implementation is provided by teachers within laboratory observations, experiments and measurements.
These allow students to verify the acquired theoretical knowledge in practice and to verify the veracity of
their objective, which brings students´ interest, the joy of learning, experimentation and research to the
teaching of physics. The feeling of a successful experiment, measurement or observation has an
irreplaceable role in the cognitive process and shapes students' interest significantly professionally in
studying physics and other science and engineering disciplines.
For the above reasons we have prepared, for these educational purposes, a proposal for a series of new
laboratory exercises for 2nd - 3rd year of secondary comprehensive school for students to acquire competence
in practical use, operation and simple maintenance of the low voltage electronics that dominate everyday
life tied to information and communication technologies.
Simple electrical circuits in physics laboratory exercises
Within a competition in vocational secondary activities, we have encouraged the interest in electronics and
electrical engineering, of the students in 3rd grade, Marek Vavrík and Peter Seemann in, as their work in the
field of development of teaching aids, educational technology, successfully represented the school in the
regional level of the competition. Under the expert pedagogical guidance, students researched available
literature and internet resources. Based on the studied theory and found schemes, under the guidance of a
teacher they designed and prepared 5 new original laboratory exercises for teaching physics in 2nd - 3rd
grade.
The simple circuits that the students will compile in the lessons within laboratory exercises, improve and
develop their knowledge of semiconductor devices, which is communicated to them during the theoretical
interpretation lessons. They are used to identify and verify the principle of some selected standard
semiconductor and other electronic components such as transistors, thyristors, semiconductor diode, resistor,
resistance trimmer, photoresistor, thermistor, capacitor, piezoelectric speaker, etc…
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In compiling the proposed electrical circ
ircuits, the students learn to work with a solderin
ring iron, tin and rosin,
which, in today's period of informationn and communication technology, is definitely a useful practical skill
and creates competencies for routine maaintenance and repair of consumer electronics.
Semiconductor devices, such as transist
istors and thyristors, have been selected to the ci
circuits because of its
design simplicity in soldering. Integrate
ted circuits have been excluded as in case of impproper handling there
is a much higher probability of shor
orting the contacts, leading to the destruction
ion of semiconductor
components and therefore the malfunctio
tioning of the circuit.
The purpose of these laboratory exerci
rcises is not to understand the full functionality
ty and logic of circuit
designs, but the activity of selected types
typ mainly of semiconductor devices. In addit
ition, to learn how to
solder and assemble realistic and func
nctional circuits, which provides students withh joy and pleasure of
experiment and observation. For these reasons,
re
circuit diagrams are constructed in two versions.
v
In the first version, the schemes are dra
rawn with a standard schematic illustration of the components. In the
second version, we tried to show the parts
p
as they look originally. We did this becau
ause of a simpler and
clearer assembly of an electrical circuit
it aalso for a layman. Color coding of resistors sim
implifies the work with
them and reduces the probability of th
their exchange. E.g. in the place of the red re
resistor in the circuit
diagram, student soldered resistor labell
elled with our red marks etc. Transistors and thy
hyristors are shown in
a way to resemble their real appearance,
e, which contributes to an easier circuit compilati
ation. Finally, all other
components such as diodes, microkeyss aand piezo-electric speakers are also labelled wit
ith the same principle
as transistors and thyristors.
The second version of the scheme willl be
b glued to the plate of shaped spruce wood, thee dimensions of which
will correspond to the dimensions of the scheme. Black points in the color scheme indi
dicate the place where
nails have to be applied. The nails are used
u
to solder components and connecting wire
res. The plate with the
applied scheme and nailing replace PCB
B, which speeds up and greatly simplifies the woork in the lesson. The
plates are selected for simple productio
ion, low price and mainly because of fulfilment
nt of their purpose and
making students understand the basicc functions of electronic components. All the nnecessary parts were
ordered and delivered from a catalog via
ia the internet.

Used electronic components

Tools needed
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1st laboratory exercise - Photocell
The principle of this circuit is as follows: when a photoresistor is not illuminated, it has a large resistance
and thus, through the base of the first transistor (at its collector there is a resistor with a value of 4k7) there
goes no current. The transistor is closed, the current does not go through its collector either. Thus all the
current, going through the 4k7 resistor, goes to the base of 2nd transistor (at its collector there is a lightemitting diode). This transistor is open and through the luminescent diode there goes some current and thus
it is on. If the photoresistor is illuminated, it has little resistance and the current goes through it. This current
flows into the base of the first transistor and opens it. If 1st transistor is open, it has virtually no resistance so
all the current going through the resistor with a value of 4k7 goes through its collector junction. Therefore,
no current goes into the base of 2nd transistor, which remains closed, thus there goes no current through the
diode and it is off.
In the scheme there is introduced a trimmer to better adjust the sensitivity of the circuit. The intensity of
daylight is not constant. It could happen that the circuit would react during the day as if it was night and the
light-emitting diode would be on. Trimmer is to be set to a value so that it reacts as expected.
The connection can be used as a standard lamp to illuminate areas at night. Of course a more powerful bulb
than a diode in the scheme has to be used in this circuit, as well as a more powerful electronic components
and the resistor 390R will be excluded from the scheme.

Figure 1: Schematic indication of the photocell circuit
[download: http://lucy.troja.mff.cuni.cz/~tichy/elektross/obrazky/fotobunka1.gif]
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Figure 2: Electrical circuit Photocelll in real format
[used figures No. 2, 4, 6, 8, 10, 11, 12:
1 VAVRÍK, M.- SEEMANN, P.: Simple eelectrical circuits in
physics laboratory exercises. Ružomb
berok: SOČ 2012-2013]
2nd laboratory exercise - Simple circuit
it with
w flashing LED
Its connection is actually a Schmitt trig
rigger (an electronic circuit of the flipping circu
cuits group, where the
output voltage changes in steps along with
w the input voltage change, whereas the chan
ange in output voltage
rise occurs at voltage bigger than thee change
c
in output at voltage fall of input), with
ith 2 universal silicon
transistors that provide switching and disconnection.
dis
There are used 2 NPN transistors.
s. R
Resistors with values
of 15k set a time constant. The frequenc
ncy of LED flashing is controlled by a trimmer.. T
The frequency can be
changed by sliding the trimmer. Is it pos
ossible to change the flashing frequency up to the
th value that the light
of the LED will be seen as a constant source
sou of light.
It is actually a small strobe that can be used for the observation of periodical process
sses. In case there are
used more powerful components, we can
an do home entertainment accompanied by period
odically flashing light.

Figure 3: Schematic indication of thee electrical
e
circuit with flashing LED
[download:http://www.volta.estranky.
y.cz/img/picture/663/jednoduch%C3%BD-blik
lika%C4%8D-sLED.JPG]

121

European International Journal of Science and Technology

ISSN: 2304-9693

www.eijst.org.uk

Figure 4: Electric circuit with flashing LED in real format
3rd laboratory exercise - „Who first“
Unless either of microkeys is pressed, thyristors are open. Once a microkey is pressed, the voltage is driven
to the control electrode of the thyristor. The thyristor switches and there is light on the corresponding
emitting diode. At that moment, the voltage on the second thyristor reduces to about 1V. When 2nd microkey
is pressed, nothing happens as the voltage on the control electrode of 2nd thyristor does not reach the
sufficient value to switch the thyristor.
The circuit works the same way if 2nd microkey is pressed at the start. The initial state, when both thyristors
are off and no emitting diode is on, is achieved by disconnection and re-connection of the source (battery).
The circuit can be used for a variety of contests, where the speed of reaction is the main concern. The circuit
signals, by the corresponding LED illumination, who pushed the microkey earlier.

Figure 5: Schematic indication of the circuit „Who first“
[download: http://www.elektronikacz.borec.cz/Data/Kdo%20driv_soubory/image003.jpg]
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Figure 6: electrical circuit „Who first“ in real design
4th laboratory exercise - Multivibrator (astable)
Astable multivibrator is an electronic circuit, in which 2 transistors function as switches controlled by
electric current entering the base.
The term „astable“ indicates that there is a constant flip between two unstable states. Firstly there is 1st
transistor open. When 1 st capacitor is discharged, the circuit flips to open 2nd transistor. After discharging of
2nd capacitor, the circuit is flipped again the situation is repeated. The states rotate at intervals specified by a
time constant, set by capacitors and 2nd and 3rd resistor. The bigger values of resistors and capacitors, the
longer the individual states last.
At the resistor of 1k5 value, a parallel piezoelectric speaker is introduced that sound with a frequency
determined by foil capacitors.
The circuit may be used to drive off moles and some insects. Simply decrease the value of foil capacitors
and use electroacoustic transducer, which can also make higher frequencies that a human ear is able to hear.

Figure 7: Schematic indication of the electrical circuit of astable multivibrator
[download: http://upload.wikimedia.org/wikipedia/commons/6/6a/Transistor_Multivibrator.svg]
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Figure 8: Electrical circuit of astable multivibrator in real format
5th laboratory exercise - Temperature Sensor
At a lower temperature 2nd LED is on, at which the rectifier diode is connected in series. At a higher
temperature 1st LED is on. The lower temperature results in a higher resistance of the thermistor. This will
increase the voltage on the base of 2nd transistor (on its collector there is a LED) and it opens. By the
opening of 2nd transistor, 1st transistor is closed (on its collector there is a 10k resistor) and as a result, the
current does not go through 1st LED, 2nd LED is on.
After increasing the temperature of the thermistor its resistance decreases and hence the voltage at the base
of 2nd transistor. 2nd transistor is closed. As a result, the current begins to go into the base of 1st transistor,
which opens. This causes the illumination of 1st LED. As both of them have a common resistance and the
same voltage decrease, to 2nd LED a rectifier diode is connected, causing it to go out. The trimmer is used to
set the threshold temperature that will switch over the LED. The circuit can be set to a great sensitivity,
when even a warm breath at the thermistor will cause 1st LED to be on.
The circuit can be used wherever we want to monitor the temperature, which a given object may not exceed.
Once this happens, 1st LED lets us know that it is necessary to terminate the use of the device or the device is
destroyed.
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Figure 9: Schematic indication of the circuit Temperature sensor
[download: http://www.tomelektric.estranky.cz/img/picture/564/ind.png]

Figure 10: Electrical circuit Temperature sensor in real format

Figure 11: All the proposed circuits with prepared basic plates
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Figure 12: Ready components set
Conclusion
The practical verification of the acquired knowledge during the physical laboratory lessons is an integral
part of teaching physics at all levels of education.
The task for school management is, in their own school educational programs, to grant a time space to these
activities in the form of divided lessons where students in small groups acquire the required competencies by
activating, interactive teaching methods with a strong feedback necessary for their continual educational
growth.
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