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Editorial 
 

English is the language used by the vast majority of international journals. Although it is also 
the main language used here, recognising the merit and quality of works publish all over the world in 
other languages, we decided to make the International Journal on Hands-on Science multilingual 
encouraging the sharing of knowledge experiences and ideas in the largest range of languages 
possible. In this second issue of our journal four interesting papers in Turkish and Portuguese are 
included. Today’s situation and the positive development perspectives on science education labs in 
Turkey are discussed in Böyüka and Erol’ paper. Grisa and co-workers present simple experiments 
aimed to introduce basic and secondary students to the basics of quantum mechanics and atomic’ 
physics. Also in Portuguese (Brazilian’ spelling) Machado and Lima suggests the use of astronomy 
classes on the inclusion of visually handicapped students, and Leroy reports on GAIA’, the Minas 
Gerais’ science center, astronomy modules (a topic that will be especially in focus next year!). Both 
these papers resulted from communications presented at the 2008’ annual conference of the Hands-on 
Science Network. The HSCI2008 international conference transcurred very successfully at the 
Brazilian historical town of Olinda, October 13 to 17, with over 300 active participants and around 
150 interesting and varied communications. The main topic of this year conference was informal 
science education and the relation with education in formal contexts. In this subject Rocha and Garcia 
discuss the importance of students’ guidance in visits to science museums, Cascon and co-authors 
present the network of science centers “Espaços da Ciência” of Rio de Janeiro state in Brazil, Esteves 
and co-authors present the experience of organizing a science fair in a basic school, and Contarini and 
Waldman share with us an interesting experience with a hands-on itinerant chemistry museum. 
Erdogan and co-workers report on a multinational project that intends to assess and increase students’ 
awareness of endangered species and environmental threats. Seven other meaningful papers present, 
on different science’ topics, several hands-on experiments and experimental activities with interesting 
innovative approaches. Divjak reports on the problems and potential of the use of mobile phones in the 
classroom for science and technology teaching. Chisleag-Losada and Chisleag present a very 
interesting work, and of significant transversal importance, about magical numbers on the 
management of education. Assis and Ravanelli present on their paper an interesting discussion on 
Archimedes’ historical demonstration of law of the lever. On Archimedes remarkable work on gravity 
and mechanics, Prof. Andre Koch Torres Assis of the University of Campinas in Brazil, published 
recently a book “Archimedes, the Center of Gravity, and the First Law of Mechanics” (Apeiron, 
Montreal, 2008, 187 pages, published in English and Portuguese and freely available at 
http://www.ifi.unicamp.br/~assis/Archimedes.pdf) with a detailed careful and complete exploration of 
the subject. Including very interesting ideas and experiments it is an excellent work material both to 
researchers, teachers but also students that will surely enjoy and profit from a very pleasant reading.  

“The book describes the main events in the life of Archimedes and the content of his works. It goes on to 
discuss a large number of experiments relating to the equilibrium of suspended bodies under the 
influence of Earth’s gravitational force. All experiments are clearly described and performed with 
simple, inexpensive materials. These experiments lead to a clear conceptual definition of the center of 
gravity of material bodies and illustrate practical procedures for locating it precisely. The conditions of 
stable, neutral, and unstable equilibrium are analyzed. Many equilibrium toys and games are described 
and explained. Historical aspects of the concept are presented, together with the theoretical values of 
center of gravity obtained by Archimedes. The book also explains how to build and calibrate precise 
balances and levers. Several experiments are performed leading to a mathematical definition of the 
center of gravity and the first law of mechanics, also called the law of the lever. Consequences of this 
law and different explanations of it are described at the end of the book, together with an exhaustive 
analysis of the works of Euclid and Archimedes.” 

 
Manuel Filipe Pereira da Cunha Martins Costa 
(Editor-in-Chief) 

vi 
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Some fundamentals on colour mixing were 
introduced. A few construction and operation 
details were given, too. 

The colours obtained with rotating disks have 
low brightness, which is inherent to this way of 
accomplishing partitive mixing of colours: 

• Two-colour RGB disks produce shady 
cyan, shady magenta and shady yellow; 

• The tricolour RGB disk produces a 
brownish shade; 

• The 7 colours disk produces a pale grey 
that is a much better approximation to 
white than the colour produced by the 
tricolour RGB disk. 

 
The device has been successfully used in 

science exhibitions and in the classroom. 
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Abstract. Model railroads are good test beds 
for several scientific experiments on 
Electromagnetism, Electronics, Automation, 
Control and Computer Science. Moreover, they 
are eye-catching structures very well suited for 
science-fair events. This paper describes a 2m x 
1m model railroad layout and a user-friendly 
program, built with LabVIEW graphical 
language. The program is able to control train 
direction and speed, and also allows the control 
of thirteen switch-points, lights and a mountain 
funicular, all included in the layout. The 
interface between personal computer and 
railroad circuits is done with a standard multi-
purpose data-acquisition board for the PCI bus. 
 
Keywords. Automation, Computer Control, 
Interface Circuits, LabVIEW graphical language. 
 
1. Introduction 
 

This paper describes an example of using 
computer control to perform an everyday task: 
the control of speed, direction and points of a 
model railroad. Such an application is a good test 
bed for real life systems. It is, also, a way to 
demonstrate how automation and computer 
control is present in people’s daily life, although 
many times we do not even think about that. 
 
2. Model railroad layout description 
 

The model railroad (Fig. 1), with 2m x 1m, 
was built in HO scale (1:87). It has 13 switch-
points, lights and a mountain cable funicular. 
The model train (Fig. 2) has a permanent magnet 
12V DC motor. Train speed is controlled by the 
voltage applied to the tracks. Once the train starts 
moving, speed increases approximately linearly 
with the applied voltage. The lights and the 
points are also powered with 12V DC. A 
servomotor powered with 1.5V moves the 
funicular (Fig. 2). 

 

 
 

Figure 1. Model railroad 
 

 
 

Figure 2. Model train and funicular 
 

The point switches have two coils over a 
sliding iron core (Fig. 3) and they are moved to 
each side by energizing the correspondent coil. 
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3. Computer control with LabVIEW 
 

The computer control of the railroad was 
planned in order to achieve a user-friendly 
interface and easy operation. 

The computer control program was 
implemented using the graphical programming 
language LabVIEW version 6.1 [1]. The input 
and output of the control signals to the computer 
is done with a standard multifunction data 
acquisition board for the PCI (Peripheral 
Component Interconnect) bus, made by National 
Instruments, model PCI-MIO-16E-4 [2, 3, 4] 
(Fig. 4). This board has 16 analog inputs, 2 
analog outputs, 8 digital inputs/outputs and 
timers. 

The control program user interface is based in 
the actual model railroad layout. The virtual 
control devices (switches) were placed in 
correspondent positions of the model railroad 
switch-points. 

The software development was initiated 
having in mind the particular needs of the 
application and a number of practical limitations 
of the data acquisition board. The 13 switch-
points of the railroad model are actuated by 13 
virtual switches. Since each switch-point has two 
coils (one for each direction), 26 digital output 
signals are needed. Also, the lights have to be 
switched on or off, as well as the funicular, and 
the train direction of movement must be 
controlled. So, 29 digital output signals are 
needed. But the board only has 8 digital outputs. 
The solution was to implement signal 
multiplexing: a control bit is periodically 
outputted to each device to be controlled, using 1 
digital output. Whenever a control bit is 
outputted, a 5-bit code is also outputted (using 5 
digital outputs), identifying the device to be 
controlled (a 5-bit code allows using up to 32 
devices). One disadvantage of multiplexing is a 
short delay between user command and actuator 
output. 

Train speed was controlled using an analog 
output. The selected speed in the program user 
interface is converted in a voltage value 
outputted by the data acquisition board. 

From the remaining 2 digital outputs, one was 
used to command the layout power switch. 

The built LabVIEW application is shown in 
Fig. 5 and Fig. 6. 

 
 

Figure 3. Point switch 

 

 
 

Figure 4. Computer, data acquisition board and 
railroad layout 

 

4. Interface circuits 
 

The data acquisition board does not provide 
enough power or number of signals to allow it to 
be directly connected to the model railroad. 
Several interface circuits are then required: 

 
• One circuit is the speed regulator: since 

the correspondent board analog output 
does not supply enough voltage and 
current, it must be connected to a power 
amplifier, namely a power transistor. 

 
• Another circuit is the direction of 

movement controller: this is also 
implemented with four power transistors, 
which act as a voltage inverter. 

 
• The switch-point actuators must also 

have a drive circuit, which may be a 
power transistor for each one of the two 
coils. 

 
• Finally, another very important circuit is 

the demultiplexing unit. It is responsible 
for decoding the 5-bit code that 
represents a determinate action to be 
performed. This unit is implemented 
with four 3 to 8 demultiplexers plus two 
2 to 4 demultiplexers. 
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Figure 5. LabVIEW Program block diagram 
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Figure 6. LabVIEW Program front panel 
 
 

5. Conclusions 
 

A user-friendly program, built with LabVIEW 
graphical language, has been developed to 
control a 2m x 1m model railroad layout. The 
program is able to control train direction and 
speed, and also allows the control of thirteen 
switch-points, lights and a mountain funicular. 

This work demonstrated that automation and 
computer control may be used in daily 
applications. However, interface circuits between 
computer and actuators are almost always 
required, as well as standard data acquisition 
boards, because a personal computer was not 
originally designed to perform these kinds of 
tasks. 

The LabVIEW graphical programming 
language provides a very user friendly and easy 
to use interface. 

This system proved to be very flexible, easily 
allowing other kinds of tasks – which were not 

implemented – such as sensor reading, system 
monitoring and data logging. 
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Abstract. This article describes the 
transformation of an Uninterruptible Power 
Supply (UPS), commonly used as power backup 
for desktop computers, into a solar rechargeable 
portable mains supply. Almost any commercially 
available UPS can be used and the conversion 
can be made without having detailed knowledge 
about electronic circuits inside. A few external 
elements must be added: solar panel, charge 
regulator (commercial or self-made), a 
protection diode, cables and connectors. The 
system has many applications as a solar 
educational kit, as a small power source for car 
or camping, or for lighting and powering small 
isolated buildings.  
 
Keywords. Solar Power Supply, Electronics, 
Environmental education. 
 
1. Introduction 
 

Uninterruptible Power Supplies (UPS) are a 
simple and inexpensive protection against mains 
failures for computers and many other electronic 
systems. These devices contain almost all the 
elements required (battery, charger and inverter) 
to make a portable mains supply that can be 
recharged by many sources like solar 
photovoltaic energy, wind energy or hydro-
electric power. If any of these sources is not 
available, the internal battery could be removed 
and recharged from a car battery or an ordinary 
ac socket. 

Some external elements must be added, like a 
solar photovoltaic panel, a charge regulator and 
protection elements. The battery capacity can be 
increased adding a second element connected in 
parallel. 

This article describes all the changes that 
must be made and elements that have to be 
added.  

Fig. 1 shows the system with external 
elements, cables and AC socket ready to use.  

 
 

Figure 1. Complete solar kit with panel 
and AC socket 

 
This system was projected to light an old 

flour mill that will be prepared to host an 
educational exhibition about traditional uses of 
renewable energies. Fig. 2 shows the mill and 
surroundings with water channel. In this 
application the system could be recharged by 
solar or hydraulic energy. 
 

 
 

Figure 2. Mill and water channel 
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2. UPS description 
 

A common UPS (Fig. 3) contains the 
following elements:  
1) Power supply and battery charger that are 
connected to external ac mains and keep the 12V 
battery completely charged. 
2) Battery (Figs. 4 and 5) of lead-acid type, 12V 
and 7-12 Ah. A capacity of 7Ah (84Wh) 
provides about 20 minutes of use of a 200W 
computer, but at least 8 hours of light with a 
10W lamp.  
3) Power inverter that receives 12V DC from the 
battery and provides an output of 230V AC. A 
typical UPS can deliver a power of 300-1000VA.  
 

AC

DC

-        +
battery

UPS SCHEMATIC

AC

DC
Voltage converter

and charge regulator
Voltage elevator

INPUT
230 Vac

OUTPUT
230 Vac

 
 

Figure 3. UPS internal schematic 
 
These devices are typically connected to the 

mains all the time, in this situation battery is 
always fully charged. When there is a mains 
failure UPS inverter delivers power drawn from 
the battery to the external load.  
 

  
 

Figure 4. UPS and battery housing 
 

 
 

Figure 5. Lead-acid battery 

In this application UPS is simply 
disconnected  from the mains, and will continue 
generating power until battery is empty. If the 
battery can be recharged without reconnecting it 
to the mains the UPS turns into an independent 
power source that can be used anywhere. 

 
3. UPS modifications 
 

The following changes have been applied to 
allow solar recharging, as can be seen in 
schematic (Fig. 6):  
- An external connector must be installed and 
connected to the battery to allow access and 
recharging (Fig 7 and 8).  
- A solar panel and external regulator must be 
connected directly to the battery. The solar panel 
should provide enough energy to recharge the 
battery (see solar energy calculations section). 
The regulator can be a commercial type or a self-
made one (see next section). 
- A protection diode must be inserted between 
the battery and external regulator. This diode 
allows simultaneous working of external and 
internal recharging and avoids discharge of the 
battery through the solar panel. 
 

-        +

battery

SOLAR RECHARGED UPS

Protection
diode

External
charge

regulator

Solar panel

AC

DC
INPUT

230 Vac

AC

DC OUTPUT
230 Vac

 
 

Figure 6. UPS modifications to allow solar 
recharging (external elements in red) 

 
4. External regulator 

 
UPS's have an internal charge regulator to 

avoid damage to battery. This regulator could be 
incorporated into the solar recharging system, 
but unfortunately manufacturers [3] do not 
provide enough information about internal 
circuits, so this option must be discarded. For 
this application a specific regulator was 
developed based in an integrated circuit of 
common use in electronics, the voltage regulator 
LM317 [2]. The circuit is adjusted to obtain an 
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output of 14,5V. Fig. 9 shows the schematic of 
this circuit, that can easily be assembled by 
electronics students in a typical school 
workshop. Fig. 10 shows a prototype of regulator 
inside an outdoor box. 
 

  
 

Figure 7. External recharge connector 
 

 
 

Figure 8. Detail of internal connections 
 

 
 

Figure 9. Charge regulator schematic 
 

   
 

Figure 10. Charge regulator fully assembled 
 
5. Final assembly 
 

To make the final assembly of the system the 

following steps must be followed: 
1) Solar panel must be connected to the 

charge regulator input. It can be checked with a 
multimeter (under direct sunlight). 

2) Regulator output must be connected to 
external battery connector in the UPS (see Fig. 
9).  

3) UPS output must be connected to an 
electric appliance (like a low consumption light). 
A mains socket (schuko or similar) can be 
mounted at the UPS output to allow different 
charges to be easily connected and disconnected. 

If everything is right the power supply will 
start generating electric power. If there is enough 
solar energy to partially recharge the battery 
every day (see next section) the system will work 
indefinitely without any external contribution.  

 
6. Solar Energy calculations 
 

As an example of use of this system 
calculations will be made to light a small 
building (like a mill) with a few hours of use per 
week: 
− lights: 1 low consumption bulb (18W) 
− daily use: 2 hours maximum 
− energy storage: battery 7Ah, 12V (84Wh) 

 
The daily consumption will be 36Wh, that is 

lower than the battery capacity. A fully 
recharged 7Ah battery would provide at least 4h 
of light. A 12Ah battery would increase this time 
to 8h. 

The amount of average solar energy available 
in Nigrán, Galicia (Spain) is about 3.9 KWh/m2, 
with a minimum of 2 KWh/m2 in winter and a 
maximum of 8 KWh/m2 in summer [5]. Under 
this conditions a solar panel with a minimum 
power of 10Wp would provide the required 
average energy of 39Wh per day. It is 
recommended to use a higher power panel to 
ensure enough energy to recharge under most 
common weather conditions specially in winter. 
The performance of the system can be also 
affected by continued periods of rain and clouds, 
if needed an exact calculation of all this 
situations should be made.  

The battery can also be changed to increase 
energy storage, or two batteries can be connected 
in parallel. 

The above calculations can be applied to 
another small electric and electronic devices, 
many laptops have energy consumptions in the 
same range as this application.  
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The system has been sucessfully checked 
with  a Kyocera KS10 solar panel [1] with the 
following characteristics: 
− 10W peak power 
− 21.5Voc (open circuit voltage) 
− 0.62Asc (short circuit current) 
− 16.9V at maximum power. 

 
Another solar panel that is suitable for this 

application is Atersa A10-P [4], also with a 
power of 10W.  

 
7. Other sources of energy 
 

The external connector and charge regulator 
developed for this application allow the use of 
other sources of energy different from solar 
panels to recharge the battery. A simple cable 
should be connected between the selected 
generator and the UPS connector. Any generator 
with an output voltage of 12V DC or more can 
be used, for example:  
− A car battery. The UPS should be connected 

to the lighter output of the car. 
− A wind generator with an output of 12V.  
− A small hydroelectric turbine. 
− A combination of the above sources.  

 
8. Applications 
 

The system can be used wherever there is 
need for ac power with low consumption, like 
lighting in small isolated houses, camping, 
powering of small electronic devices like tv or 
radio transmitters, etc.  

An important field of application is 
electronics students training, since these students 
can both make the system elements (like the 
regulator or connectors), and use them as a solar 
energy practice.  

Students of other fields can also take 
advantage of this system due to its low cost, like 
in subjects related to environmental themes.  

It can be used in exhibitions or science fairs 
about renewable energies, specially if other 
power sources are used for recharging instead of 
solar power (like a small wind generator, 
hydraulic generator, etc). As an example of this 
applications, the kit was shown at "Encuentro 
Solar 2007" meeting in Granada, Spain.  

Another interesting application is as a backup 
power source for laptops when used outdoors. As 
an example, a 7Ah fully charged battery can 
provide 2 extra hours of use for a 40W computer. 
The new generation of Ultraportable Laptops like 
Asus Eeepc or Acer Aspire One with 
consumptions of 10W or less is a good choice for 
this type of use. 

 
9. Conclusions 

 
− This article describes the transformation of 

an Uninterruptible Power Supply into a solar 
rechargeable portable mains supply. 

− The transformation can be done without 
detailed knowledge of electronic circuits 
inside the UPS.  

− A few external elements must be added: 
solar panel, charge regulator, a protection 
diode, cables and connectors.  

− Another sources of energy can be used to 
recharge battery, like wind power or 
hydroelectric.  

− The system has many applications as a solar 
educational kit, as a small power source for 
car or camping, or for lighting and powering 
small isolated buildings.  

− It can also be useful as a backup source for 
new ultraportable laptops for outdoors use.  
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Abstract. A few simple and well-known 
experiments can be conducted in order to 
enhance further the student’s grasp on the 
theoretical concepts. The main idea supporting 
these experiments is that the process of learning 
should be able to teach more than only 
reproducing and observing the physical 
phenomena. In this article we present simple 
experiments measuring light intensity and show 
how these simple experiments can be conducted 
in order to train and teach other concepts and 
capabilities far exceeding ones most obviously 
involved. The first problem presented to the 
students is that concerning the light detector. 
Our experiment uses an inexpensive, find to easy 
and trustable one. After initial calibration this 
detector is used to analyze the intensity 
behaviour of a point source with distance, 
Malus’ law and the intensity profile across a 
diffraction fringe. Data treatment explores linear 
and exponential graphics comparing their 
features. We present procedures and results 
obtained with this simple experiment sand 
discuss them and their validity.  
 
Keywords. Laboratory Teaching, Optics 
Laboratory, Optics Teaching, Simple 
Experiments. 
 
1. Introduction 
 

Nowadays, most countries are facing an 
increasing need for physicists and engineers 
since new technologies and their applications 
present an exponential growth. But, in general, 
most of those countries have not had a strong 
increase in the number of students looking for 
the so-called "hard sciences". In our university, 
the figures of the evasion from the four years 
undergraduate course of Physics are about 
seventy five percent. So, our teaching efficiency 
is quite low. Furthermore, there are still 
problems with those who succeeded on finishing 
their undergraduate courses: many of them do 

not have a good comprehension of practical or 
experimental problems. The knowledge 
transference from theory to day-to-day life 
problems is very scarce if there is any at all. We 
can attribute these difficulties also to a deficient 
laboratory teaching. One of the possible 
solutions would be a development of small and 
cheap laboratory experiments and their 
application to training and demonstration with 
students [1, 2]. So the scope of this work is 
contributing with a cheap and easy way to do 
teaching experiments, in order to interest more 
students to persist and progress in Experimental 
Physics and, particularly, Optics. In Optics 
Laboratory teaching a recurrent problem is the 
measurement of light intensity. Several 
experiments depend on a fair evaluation of 
irradiances. We can cite a few among the most 
important: Point Source Irradiance Inverse 
Square Law; Malus’ Law; Irradiance from a 
Cylindrical Lens. We named just these because 
they are among those most basic experiments in 
Optics Laboratory and the irradiances to be 
measured are quite high. Therefore we are just 
limiting the scope of this work to the 
experiments in which we can verify laws and 
behaviors with relatively high intensities. The 
scope of this work is to provide teaching 
laboratories with a cheap and powerful tool in 
order to proceed to experiments otherwise 
impossible to be made. Furthermore, mounting, 
calibrating and using this simple component, a 
photo-resistor, forces the students to learn 
important laboratory techniques and to develop 
the necessary patience and determination in order 
to obtain results with good level of accuracy. 
Two experiments are proposed in this work: 
Verification of the Point Source Irradiance 
Inverse Square and Malus’ Laws. These 
experiments are basic in Optics teaching 
laboratory [3] and are fundamental for the 
scientific learning of the students. The scientific 
learning and the formation of a scientific spirit 
[4] is more important than only reproducing 
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some experiments passing by them almost like 
scenery seen from a train window.  

2. Methodology and Discussion 

The experimental schemes for all of these 
experiments are well known, therefore due to this 
article space limitation we do not present them 
limiting ourselves to the results, which must be 
graphically presented.  

2.1. Choice of an irradiance detector and its 
calibration procedures 

The choice of a common photo-resistor was 
supported by a number of reasons: price, easiness 
to find them; it is practically foolproof; simple 
circuitry and a fairly good linearity (although 
over small regions). On the other hand they 
present some inconvenient aspects like: 
nonlinear dynamic range; slow response to 
intensities; nonlinear spectral response, which is 
much similar to that of human’s eye. This 
scenario makes for a good place to start, setting 
the stage for building and understanding more 
complex experiments and procedures. The first 
question is how to conveniently mount the 
photo-resistor in order to detect intensity 
changes. The easiest way is simply measure 
changes in the photo-resistor internal resistance. 
One needs only an analogical or digital 
ohmmeter and measures the internal resistance 
variations of the photo-resistor. It is necessary to 
assume the ohmmeter scale is fair calibrated or 
execute its calibration. We think this step can be 
circumvented provide that students are warned 
about that. The electrical scheme of mounting 
can be seen in any good basic Physics book. The 
next step towards the Optics experiments is to 
calibrate the photo-detector response to incident 
intensity. The photo-resistor response also is 
opposed to the common sense of the students, 
that is, instrument readings are smaller for larger 
incident intensities. Therefore, the problem is to 
be sure the incident intensities vary linearly or 
with some well-known function, which can be 
fitted from experimental data. One can use some 
set of photographic neutral filters, or a graduated 
variable intensity filter, which, of course, are not 
easily available. A homemade solution is using a 
set of microscope slides. Each slide reflects 
about four percent of the incident light in the first 
surface and more four percent of remaining light. 
Therefore, one can plot the function of light 
intensity against number of microscope slides 

and use it to calibrate the photo-resistor against 
intensity. By the other hand, if one has a 
calibrated photo-detector like a silicon 
photodiode, he could use a much simpler 
mounting. Two polarizer filters can be used to 
grade incident intensities, which can be 
simultaneous (or not) monitored by the photo-
detector. This is true for normal incidence and a 
1.5 refraction index glass [3, 5] and we assume 
the light absorption is quite small compared to 
the reflection in the dielectric boundaries. 
However, as we are interested only in the 
functional behavior of our light "filter" and not in 
absolute values of intensities we can consider 
these values quite good for our experiment. An 
extension of this experiment would be to 
measure the refraction index of microscope 
slides and calculate the reflectance with 
measured value. Afterwards the students should 
calculate the mismatch between first figures and 
those from measured values. Surely, they will 
conclude that the errors the first procedure could 
introduce in the experiment are negligible. The 
conduction of the experiment will depend on the 
scope, time and available equipment. It can be 
conducted without leaving anything to chance or 
following to the verification of hereinabove 
named laws without the same strict regard to 
precision. In a laboratory with more resources a 
set of neutral filters with stepped intensities 
could be used or a variable neutral density filter. 
A low cost car stoplight incandescent lamp was 
used for this calibration. The incandescent lamp 
has a spectral emission curve much like of a 
blackbody at the same temperature, therefore it 
couples quite well with the spectral sensibility 
curve of the CdS photo-resistor. Nevertheless, 
the great infrared emission of incandescent lamps 
will pose some problems in the verification of 
Malus’ Law. An experimental curve of the 
spectral sensibility of CdS photo-resistor should 
be made, but a bit more sophisticated equipment 
must be used in order to have a trustful result.  

2.2. Verification of the inverse square law for 
the irradiance of a point source 

Despite that this experiment is quite simple 
some attention must be paid to a few details in 
order to have experimental results consistent 
with theory. Correct alignment of all components 
is very important because detector will be 
displaced during the experiment. To a more 
precise experiment the light from a 300-watt 
lamp taken from an overhead projector is 
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focused onto a variable diaphragm aperture and 
later strikes the photo-resistor. This is order to 
have enough light striking the detector still when 
the aperture of the diaphragm is very small and 
more similar to a real point source in the 
laboratory physical limits. Distances between 
diaphragm and photo-resistor are measured with 
a scale. A few attempts must be made in order to 
verify the amount of error introduced by 
increasing source diameter. One must consider 
whether the illumination system presents a 
focusing apparatus or not. If yes, this will distort 
the result as long as the wave front can have a 
negative vergence, a positive one or still no 
vergence at all. But, with a less demanding 
experiment an incandescent lamp of a car 
stoplight can be used with the advantage of low 
cost and low heat generation.  

2.3. Verification of Malus’ Law 

This verification is a little simpler than the 
preceding ones. The polarizers are the usual ones 
used in photography and are mounted in a 
support with a goniometer. The polarizer are 
aligned in order to deliver the maximum 
irradiance, afterwards the direction of one is 
changed in five degrees steps from zero degrees 
to one hundred and eighty degrees. One can 
tabulate the results, calculate the cosine of those 
arcs, square them and make a graphic of intensity 
against square cosines. It is convenient to 
normalize the measured intensity values and 
trace a theoretical curve to compare with the 
experimental one. Another kind of graphics can 
be made to facilitate the comparisons, for 
instance, intensities versus square cosine and so 
on. In the measurement, special attention must be 
paid to the background infrared radiation since 
the normal polarizers do not act on infrared 
radiation. Once again, depending on the 
laboratory resources, a heat filter can be used or 
one can be improvised with water [6].  

3. Results and discussion 

3.1. Photo resistor calibration 

Figure 1 presents theoretical, experimental 
and an adjusted function curves for the light 
transmission against intensity. Experimental data 
were normalized for easiness. The theoretical 
curve was calculated using an estimated 4 
percent transmission to each air/glass or glass/air 
boundary for normal incidence. The 

experimental curve was obtained using a 
calibrated photo-detector and one can see from 
the graphics that experimental data show good 
agreement with the theoretical ones. Therefore, 
microscope slides filter can be used safely to 
calibrate other detectors like a photo-resistor.  

  

Figure 1. Transmittance x Number of added 
reflecting interfaces 

 
The adjusting function 0 03835 xy e− . ∗=  will 

provide a good help acting like a mathematical 
filter for the data obtained with the unknown 
photo-detector. Therefore, it is of the utmost 
importance to have a filter with a well-known 
transmission function. It will liberate one from 
the uncertainty about detector function response 
to intensity. But, it is important to remember that 
all this procedure will permit only qualitative 
measurements, not the quantitative ones, that is, 
it does not permit to obtain absolute values of 
incident power.  

Figure 2 shows the results using a more 
complex scheme with a power detector, polarizer 
filter set, power monitoring by a fixed (50/50) 
beam splitter and a silicon photo-diode. 

 

Figure 2. Photo-resistor internal resistance x 
Incident power (reduced range) 
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The graphics has been elaborated using the 
TMOriginPro  7.0 Server. As the photo-resistors 

present strong nonlinearities at both high and 
small incident power since they have a constant 
minimum internal resistance and that evolutes 
almost exponentially with very low incident 
power we limited the operational range of our 
photo-resistor to 0.1 to 2.0 mW of incident 
power. In spite of that, it is clear that the photo-
resistor have a good linear response only in the 
range of about one to two mW of incident power. 

 

Figure 3. Photo-resistor internal resistance versus 
incident power (full and reduced ranges). 

Nevertheless, one can divide in small sectors 
and in each of them the photo-resistor will 
present a quite linear behavior. Besides that, the 
adjusting function 1 07884y x− ,= ∗  can be used 
to correct the measurements made with this 
photo-resistor in the presented range. With this 
curve the student can transform his/her measured 
values in power figures. So, absolute 
measurements can be performed using the 
graphics presented in Figure 2. In order to get a 
better comprehension of the problem, Figure 3 
presents the photo-resistor full range 
measurements comparing it with the smaller 
portion we have assumed for better accuracy. 
One can observe the quasi divergence of the 
photo-resistor internal resistance at low (< 0.1 
mW, typically) and a flat behaviour at large 
powers (> 2.0 mW)  

3.2. Verification of the Inverse Square Law 
for the irradiance of a point source 

Figure 4 shows the result of photo-resistor 
application in the determination of the behaviour 
of a near punctual light source with the distance. 
The point source used was a common car 

stoplight lamp. We have preferred to use this one 
because of its friendliness: it is cheap, easy to 
find, easy to mount and turn on. We did not 
worry to focus the lamp light in an iris 
diaphragm in order to obtain a much more 
punctual source and the reason for that is the 
small power of the this lamp. In spite of these 
unforgivable imprecision in the experiment 
assembly, the result is quite consistent with the 
theory.  

 

Figure 4. Inverse Square Law verification. 

 
Figure 5. Malus’ law verification. 

That can be seen from the fitting function for 
the experimental data, 2 150 0067y x− .= . , which 
has a good agreement with the real dependence 

2y x−∝ . A larger number of experimental 
points would be better for a more precise 
reproduction of intensity behaviour at small 
distances to the source, that is, in the interval 
between 0.1 and 0.3 meters. This discrepancy at 
smaller distances can also be attributed to the 
real dimensions of the source, which is 
minimized at larger distances. 
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3.3. Verification of Malus’ Law 

Figure 5 presents the results obtained for the 
Malus’ Law. In this experiment, two photo-
resistors were used and also a selenium 
photocell, which delivers a few mA current when 
illuminated. 

This last one was used only as an additional 
reference. One can see from the graphics that the 
best result is obtained with the 5 mm diameter 
photo-resistor. As expected, the best agreement 
between theoretical and experimental curves 
occurs in the regions in which the incident power 
is larger, that is, there is a discrepancy in those 
curves when the incident power values tend to 
zero. Surprisingly enough, both photo-resistors 
present more accurate results than those of the 
selenium photocell. We believe with a little more 
effort these results can be still enhanced but the 
clear dependence of experimental data with the 
theoretical curve is noticeable and the fitting 
function below confirms that: 

 
2{ s i n [ ( ) / ] } ;  w i t h

8 9 . 5 5 4 0 8 0 . 6 8 4 0 4;

1 8 0 0 a n d  1 . 0 2 8 3 4 0 . 0 1 3 2 3

c

c

y A x x w

x

w A

π= −

= ±

= ± = ±

 

4. Conclusions 

We have shown how a few interesting and 
involved experiments with light can be 
performed using cheap, easy to find components. 
Furthermore, these experiments can be tailored 
to the audience, in accordance to the students’ 
general level of knowledge. There is still room 
for other experiments looking for improving the 
results and figures presented in this article, but 
not only that. Experiments to determine the 
photo-resistor internal resistance dependence 
with incident light spectrum are very promising 
and can lead to other interesting experiments and 
so on. Effectively, there is no dead end for the 

experimentalist. For the college students work to 
enhance the results and pursue a better data 
treatment using some convenient software can be 
very rewarding. Nowadays we have also to 
develop the student skills in dealing with 
informatics but not only that! Our vision is that 
the best way is to ally laboratory work with data 
treatment and simulation.  
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Abstract. In this communication we present the 
discussion which exists in the literature related 
to Archimedes’s demonstration of the law of the 
lever. One important aspect of the argument 
concentrates on the meaning of his postulates. In 
order to clarify this whole subject, we analyze 
what consequences would arise if nature 
followed a different law of the lever. We 
concentrate, in particular, in the case of a torque 
proportional to the square of the distances of the 
bodies to the fulcrum. We consider not only a 
linear lever but also a horizontal triangle which 
can rotate around a horizontal axis parallel to 
one of its sides.  
 
Keywords. Archimedes, Classical Mechanics, 
Law of the Lever. 
 
1. Introduction 
 

Archimedes (287-212 BCE) demonstrated the 
law of the lever in Propositions 6 and 7 of his 
work On the Equilibrium of Planes. In an earlier 
work, [1], we quoted all his words as taken from 
Dijksterhuis’s book, [2]. In the present paper we 
quote all of them from Heath’s translation, [3, p. 
192]: “Propositions 6, 7. Two magnitudes, 
whether commensurable [Prop. 6] or 
incommensurable [Prop. 7], balance at distances 
reciprocally proportional to the magnitudes.” 

To demonstrate these results he utilized seven 
postulates, [3, p. 189-190]: “I postulate the 
following: 1. Equal weights at equal distances 
are in equilibrium, and equal weights at unequal 
distances are not in equilibrium but incline 
towards the weight which is at the greater 
distance. 2. If, when weights at certain distances 
are in equilibrium, something be added to one of 
the weights, they are not in equilibrium but 
incline towards that weight to which the addition 
was made. 3. Similarly, if anything be taken 
away from one of the weights, they are not in 
equilibrium but incline towards the weight from 

which nothing was taken. 4. When equal and 
similar plane figures coincide if applied to one 
another, their centres of gravity similarly 
coincide. 5. In figures which are unequal but 
similar the centres of gravity will be similarly 
situated. By points similarly situated in relation 
to similar figures I mean points such that, if 
straight lines be drawn from them to the equal 
angles, they make equal angles with the 
corresponding sides. 6. If magnitudes at certain 
distances be in equilibrium, (other) magnitudes 
equal to them will also be in equilibrium at the 
same distances. 7. In any figure whose perimeter 
is concave in (one and) the same direction the 
centre of gravity must be within the figure.” 

Although the concept of the centre of gravity 
appears in postulate 4, it is not defined in any 
extant work of Archimedes. Heath, Duhem, 
Stein, Dijksterhuis, Assis and many others have 
studied how Archimedes implicitly utilized this 
concept to calculate the centre of gravity of many 
figures. For references see [4] and [5]. From 
these studies it seems that Archimedes 
understood the centre of gravity to be a point 
such that if the body were suspended from that 
point, released from rest and free to rotate in all 
directions around that point, the body would 
remain at rest and would preserve its original 
position no matter what the initial orientation of 
the body relative to the ground. 

Archimedes’s demonstration of the law of the 
lever was criticized by Mach, [6]. He thought 
Archimedes’s demonstration was a fallacy due to 
the fact that, according to Mach, Archimedes had 
utilized the law of the lever in his demonstration. 
Dijksterhuis and others objected to Mach’s 
criticism, [2, p. 289-304], [4, p. 177-185]. They 
pointed out the relevance of Archimedes’s sixth 
postulate. They understood Archimedes to 
interpret “magnitudes equal to other magnitudes” 
as “magnitudes of the same weight” and 
“magnitudes at the same distances” as 
“magnitudes the centres of gravity of which lie at 
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the same distances from the fulcrum.” This 
interpretation conferred a reasonable meaning to 
the sixth postulate and removed Mach’s 
objection to Archimedes’s demonstration of the 
law of the lever.  

We agree with Dijksterhuis’s points of view. 
To illustrate the crucial role played by postulate 
6 in Archimedes’s demonstration of the law of 
the lever, we consider what would be the 
consequences if nature behaved in such a way 
that the law of the lever were quadratic in the 
distances of the bodies. 
 
2. A generalized law of the lever 
 

Suppose a horizontal beam acts as a lever that 
can rotate around another horizontal axis 
orthogonal to the beam of the lever and passing 
through its fulcrum. We consider N bodies on 
one side of the fulcrum and M bodies on the 
other side. A generic body i has weight Wi, with 
its centre of gravity being suspended by the beam 
of the lever at a distance di from the fulcrum. We 
define a generic “alpha” torque τ exerted by 
these bodies as ( )∑ =

N

i ii dW
1

α  and 

( )∑ +=

M

Ni ii dW
1

α . The exponent α characterizes 

the behaviour of the lever as a function of the 
distance to the fulcrum. In real life 1=α . In this 
work we wish to compare this normal condition 
with hypothetical situations for which 1≠α . To 
this end we postulate what we call a generalized 
law of the lever. That is, we postulate the 
following behaviour for the lever released at rest 
horizontally, being free to rotate around the 
fulcrum: If MN ττ = , the lever remains in 
equilibrium. If MN ττ > , the set of N bodies 
inclines towards the ground. If MN ττ < , the set 
of M bodies inclines towards the ground. 

We now consider simple symmetrical 
situations of equilibrium. First we have two 
equal weights W suspended at points B and D 
from a lever which can rotate around a fulcrum 
located at C between B and D. If BC = CD, the 
lever will remain in equilibrium for all values of 
α. This is our configuration (I). The lever will 
also remain in equilibrium for any value of α 
when the two weights W are suspended together 
at C. This is our configuration (II). That is, in 
this case we can replace the two equal weights at 
B and D of configuration (I) by a single body of 
twice the weight at the midpoint C without 

disturbing the equilibrium of the lever for any 
value of α. The centre of gravity of the two equal 
weights WB and WD can be considered their 
midpoint. Archimedes proved this fact in 
Proposition 4 of his work, [3, p. 191]: “If two 
equal weights have not the same centre of 
gravity, the centre of gravity of both taken 
together is at the middle point of the line joining 
their centres of gravity.” 

Now let us see how Archimedes 
demonstrated the law of the lever considering a 
very simple case. Consider three equal weights 
suspended at points A, B, and D. The lever is free 
to rotate around the middle point B. If AB = BD, 
the lever will remain in equilibrium no matter the 
value of α. This is our configuration (III). Let us 
call C the midpoint of the segment BD. By 
postulate 6 we will not disturb the equilibrium of 
the lever by replacing bodies B and D by a single 
body of twice the weight acting at C. This new 
configuration (IV) is a special case of the law of 
the lever because WA/WC = BC/AB = 1/2, or BC 
= AB/2.  

Let us now assume that 1≠α  and our 
generalized law of the lever. In this case the 
configuration (III) continues to be an equilibrium 
configuration, no matter the value of α . But 
configuration (IV) is no longer in equilibrium. If 

1<α , the weights at C will incline toward the 
ground. In contrast, if 1>α , the weight A will 
incline toward the ground. The new equilibrium 
situation according to the generalized law of the 
lever and the definition of the “alpha” torque is 
the configuration with the equal weights WB and 
WD acting together at another point E such that 
WA/WE = (BE/AB)α, that is, ( ) α/12/1=BE . If 

2=α , ( ) ABABBE 707.02/2 ≈= . If 
0=α , the solution diverges. If 2/1=α , we 

have 4/ABBE = . 
We can go from configuration (I) to 

configuration (II) without disturbing the 
equilibrium of the lever for all values of α . On 
the other hand, we can go from configuration 
(III) to configuration (IV) without disturbing the 
equilibrium of the lever only if 1=α . If 2=α , 
we can maintain the equilibrium of the lever only 
by combining the weights WB and WD at another 
point E given by ABABBE 707.02/2 ≈= . 
This last situation shows that Archimedes’s 
postulate 6, as interpreted by Dijksterhuis, would 
not be valid if 2=α . This conclusion lends 
support to his interpretation of this postulate and 
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to the fact that this postulate was essential in 
order to allow Archimedes to demonstrate the 
law of the lever. 
 
3. Equilibrium of a Triangle 
 

Archimedes also demonstrated how to locate 
the centre of gravity of a triangle, [3, p. 198 and 
201]: “Proposition 13. In any triangle the centre 
of gravity lies on the straight line joining any 
angle to the middle point of the opposite side.” 
“Proposition 14. If follows at once from the last 
proposition that the centre of gravity of any 
triangle is at the intersection of the lines drawn 
from any two angles to the middle points of the 
opposite sides respectively.” 

We now consider a generic horizontal triangle 
ABC with height H and base BC. This triangle 
can rotate freely around the horizontal axis DE 
which is fixed relative to the ground and is 
parallel to BC. We want to find the distance R 
between this axis and the side BC that will let the 
triangle be in equilibrium for a given value of 
α , with 0 < R < H.  

Our generalized law of the lever implies that 
equilibrium will happen when the alpha torque 
exerted by one side of the axis, ∫ dWrα , is 

equal to the alpha torque exerted by the other 
side of the axis, ∫ '' dWr α . Here r and r’ are the 

distances between the rotation axis and the strips 
of weight dW and dW’ on either side of the axis.  

After performing these integrals we obtain 
that equilibrium will happen when [1]: 

 
0)1()2(2 =−−+−+ ααα kk .   (1) 

 
The constant k is defined by k = (H – R)/R.  
For α = 1 there are three solutions to this 

equation, namely, 21 =k , 12 −=k  and 
13 −=k . Only the first solution is physically 

reasonable, implying HHR 333.03/ ≈= . This 
is the usual solution of an axis passing through 
the centre of gravity of the triangle, which was 
Archimedes’s solution. To demonstrate this 
result he also utilized implicitly postulate 6.  

For α = 0, there are two solutions to Eq. (1), 
namely, 414.2211 ≈+=k  and 

414.0212 −≈−=k . Only the first solution is 
physically reasonable, leading to 

HHR 293.0414.3/ ≈≈ . This axis parallel to 
the side BC will not pass through the intersection 
of the medians. It will be closer to the base BC 
than the previous equilibrium axis for the case 
α = 1. 

For α = 2, there are four solutions to Eq. (1), 
namely, 

693.01 −≈k , ik 459.1546.02 −−≈  
ik 459.1546.03 +−≈  and 784.14 ≈k  

Only the fourth solution is compatible with 
the condition 0 < R < H. We are then led to 

HHR 359.0784.2/ ≈≈ . This axis parallel to 
the side BC will not pass through the intersection 
of the medians. It will be closer to the vertex A 
than the equilibrium axis for the case α = 1. 

This conclusion shows once more that 
postulate 6 is essential to demonstrate not only 
the usual law of the lever, but also to find the 
usual centre of gravity of a triangle. If nature 
behaved with a generalized power law with 

1≠α , the results demonstrated by Archimedes 
would not remain valid.  
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Abstract. In the work herein introductorily 
presented we explored the use of mobile phones 
as tools in educational processes. In particular 
the usage of such devices in the classroom is 
discussed. The basic driving idea of this work is 
that today practically everybody, including 
children, has and uses mobile phones, which are 
in fact small computers. The possibility of being 
programmed offers a new functionality. 
Bluetooth technology allows collaborative 
activities to be performed by a whole group or 
even classroom. The mobile phones can be used 
as responders giving the immediate feedback to 
the teacher. They can also be used as multiple 
remote controls that could be employed to 
control interactive computer simulations, 
including in group activities. Besides these 
positive opportunities the dark side of usage of 
these popular devices in the classroom is also 
discussed. 

Keywords. Mobile Devices, Classroom 
Collaboration. 

1. Introduction 

The period from 2000 to 2010 is known as a 
“digital decade” which will be followed by the 
period of pervasive computing. One of the 
characteristics of these times is the increasing 
use of mobile devices, mostly phones which 
have more and more functionalities. They are in 
fact small computers with limited capabilities.  

 
Figure 1. Mobile devices in the classroom 

It is known that we can create and install 
small programs written in a restricted version of 
Java. Such programs are called MIDlets. They 
are usually developed on regular PC computers 
and copied to the mobile devices by wired or 
wireless connection. Considering the paradigm 
of mobile computing the question is raised how 
this technology can be used in the regular 
educational processes. In particular how the 
teaching and learning in the classroom can be 
affected.  

 
Figure 2. Periodic table on mobile phone 

 
2. Sample educational applications for 
mobile phones  

 
It is more known that mobile phones have 

extended functions like games and Internet 
browsing. There exist also some other 
applications which could be used also in 
education. For example we can have 
implemented vocabularies translating from one 
language to another. Of course the calculator can 
be useful in the classroom and assignment 
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works. More focused and problem specific 
educational applications are for the moment not 
so popular. In the domain of chemistry we can 
find some MIDlets presenting the periodic table 
of elements. Figure 2 shows a screenshot of such 
application. 

Mobile devices could be used for the 
visualization of learning objects dedicated to 
natural sciences. Such example is the 
presentation of human digestive system on a 
phone display as shown in figure 3.    

 
Figure 3. Visualisation of human digestive system on 

mobile phone 
 
Looking a variety of educational applets 

which are available on Internet it would be 
interesting to have also simple simulators which 
could represent various physical phenomena. 
However at least for the moment we should take 
into account limited computational and graphical 
capabilities of mobile phones. But this will 
certainly change in the future.  

 
3. Collaborative applications  

 
For collaborative applications some kind of 

wireless interconnection between mobile devices 
in the classroom should be exploited. We should 
discard the usual communication capabilities 
with SMS or even dial up connections since the 
students (and also the teachers) are not willing to 
spend their private money for such activities.  

More and more phones are supporting Bluetooth 
technology which permits cost free 
intercommunication between devices and their 
applications. An example of such application 
could be a system providing immediate feedback 
between the teacher and his students in the 
classroom. Such systems are known as 
“responders”. Supposing that all learners own 
mobile phones with Bluetooth they can establish 
connection with teacher’s computer which can 
act as a server. The teacher can open an 
electronic questionnaire which can be controlled 
by student’s phones. Teacher’s computer display 
is shown to the audience on a large screen. The 
students can answer to the presented question by 
means of their mobile phones connected to the 
computer via Bluetooth. Such system is 
presented of figure 4. Figure 5 presents the 
software modules on both sides.    

 

 
Figure 4. Electronic answering system 

 

 
Figure 5. Software modules of electronic answering 

system 
 
In such a way the teacher could get 

immediate (on-line) answer if his lecture is 
appropriate or too difficult. Or he could put more 
specific questions and see if the students really 
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understand the subject.  The typical characteristic 
of such answering system is that it is anonymous 
and therefore the individual students are not 
afraid sending their feedback. Of course such 
electronic answering systems are already known 
for many years but usually they require 
(expensive) equipment and software support. In 
the case of mobile phones the required 
“infrastructure” is already present, the Bluetooth 
communication represents no cost and it is 
sufficient to have the needed open source 
software supporting this.  

 
4. Digital simulations and interactive 
collaboration 

 
 The wireless interaction between a teacher`s 

computer and student` mobile devices (phones or 
computers) can be also exploited in the case of 
simulation programs which should be adapted 
accordingly. This is possible in the case of open 
source programs where interaction with the 
simulation should be enriched with commands 
received by the accompanying server program. 
Such possibility was tested with some java 
applications and applets. One example of such 
adapted program is JTics which permits 
simulation of electric circuits. The figure 6 
presents a screenshot of this program.   

 
Figure 6. Simulator of electronic circuits 

 
6. Dark side of mobile devices in the 
classroom  

 
The use of mobile devices in the classroom 

raises also some problems. One already known 
from computer equipped classrooms is of course 
that the children could be distracted by games 

and internet browsing. Another which is more 
related to the mobile devices is that they can 
establish their “private” ad hoc networks which 
could be easily exploited during written 
examinations. Since the mobile devices are 
getting smaller and smaller it is really difficult to 
suppress such undesirable communications. On 
long term the only possible solution is to 
influence on the moral character of the involved 
participants.  

 
5. Conclusions  

 
The use of mobile devices in the classroom 

offers new teaching opportunities. As personal 
equipment they could enable students to 
independently experiment and explore concepts 
as they are taught. As communication devices 
they allow the establishment of ad hoc 
communities useful during lectures and group 
hands-on activities. On the other side this will 
certainly represent a problem, in particular 
during written examinations, to be overcome by 
appealing and raising students moral standards in 
this matter.  
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Abstract.  Frequently, the public education 
institutions are yearly financed, based upon the 
total number of students, enrolled by those 
institutions, at the beginning of the academic 
year. The social demand to increase the number 
of graduates prompts enlarging the size of 
classes, within the upper limits  imposed by the 
infrastructure, by pedagogic, ergonomic or 
administrative regulations, size, usually, less 
connected with the results of an entire cycle. But, 
how to choose the size of a class, to ensure both 
the maximum financial support and the minimum 
number of graduates expected by the society ?      
The authors suggest that a criterion for finding  
the optimum size of classes be connected with the 
their academic  results  through the curriculum’ 
cycle,  f. e. with the ratio graduated seniors / 
enrolled freshmen, result to comply with 
accreditation conditions for passing between 
years. Thus, there may be numerically 
determined the optimum size of a class of 
freshmen, governed by “magical numbers”, 
specific to the legal accreditation rules in force.  
 
Keywords: Accreditation rules, econophysics, 
education funding. Magical numbers,  optimum 
size of curriculum classes.  
 
1. Introduction 
 
      The management of education, at different 
levels, rises, frequently, questions about how to 
decrease the cost of  education, per student.  This 
aspect is particularly important when the 
expenses of  an education institution (E.I.), 
university, school, are integrally supported by the 
public budget, national or local and when the 
society needs more graduates. 
      In many countries, including Romania, the 
public education institutions are yearly financed 
based upon the total number of students 
(respectively, pupils) enrolled with those 
institutions, at the beginning of the academic 
(school) year. 

      The yearly expenditures of an E.I. consist of 
fixed  and of variable ones. 
      The variable costs for the E.I. are those 
proportional with the number of students. 
      The fixed costs which, by name, would be 
independent of the number of  students, are, 
finally, for a rather large education unit, also 
roughly proportional, with the total number of 
students enrolled in that institution, subject to a 
small relative error (of the same order of 
magnitude with the relative error on the variable 
costs), for an institution having ~ 50 classes, the 
relative error of appearing or disappearing a class 
is ~ 2%, value acceptable for the relative error on 
variable expenses. 
      Each year, the E. I. tries to enroll the 
maximum, possible for it, cohort of students and 
tries to divide all enrolled students in classes 
which, usually, to have the standard allowed 
maximum size. The fixed expenditures of an E.I. 
are connected with the number and the size of 
classes.  Larger the class, smaller their number 
less fixed costs per student, but there are limits of 
the upper size of a class, imposed by the E.I. 
infrastructure, by pedagogic, ergonomic or 
administrative regulations. 
      Usually, there are provisions in the rules of  
Ministry of Education or  of other regulatory 
bodies, about the size of a class, depending of the 
type of activity: f. e. 80-120 attendants for a 
lecture, 20-30 students for a tutorial, 10-15 
students for a laboratory work, 5- 10 students in 
a plastic arts class. 
      How to choose the size of a class, to ensure, 
both, the highest financial support and at least 
the minimum number of graduates expected by 
the society from a given curriculum?  
      - There is needed a criterion for optimum. 
 
2. A criterion for the optimum size of 
classes 
 
      The authors suggest that this criterion for the 
optimum size of classes of a curriculum be 
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connected with the  result of education (training) 
through that curriculum, for example with the 
ratio graduated seniors / enrolled freshmen, for a 
complete cycle of studies of a given program 
(curriculum), result to comply with accreditation 
criteria. Usually, ministries of education or, 
eventually, parliaments, set conditions [1] that a 
curriculum be periodically (T= ~ 5y) accredited 
and/or financed (yearly) including: conditions for 
ratio of students passing in the next year, pa, and 
a condition for passing the final (graduation) 
examination, pg. Not fulfilling these conditions 
means non accreditation and non financing of 
that curriculum in the future1. Therefore, there 
exists a supplementary restriction to be dealt 
with by managers of an education institution, 
restriction depending of final result and not only 
of initial conditions. 
      The authors show that, by applying this 
criterion of observing accreditation conditions 
(the conditions for  passing academic years and 
final examination) one can  numerically 
determine  the optimum size of a class when 
enrolling  freshmen, to, both, ensure the highest 
amount of funding and its best use and the 
fulfillment of the society minimum requirements.  
 
3. Magical numbers 
 
      Because the requirements for accreditation 
are expressed in the provisions of the existing 
rules as minimum acceptable percentage [1] and 
because the number of students implied must 
always be an integer (the upper  rounded up 
integer, resulting from any computations, 
because the conditions are minimum ones), these 
conditions, especially for small cohorts, impose 
thorough choice of the size of a class, optimum 
size appearing as being limited by “magical 
numbers” determined by concrete provisions of 
the accreditation rules. The determination of the 
size of the class subjected to accreditation 
requirements becomes a problem in Statistical 
Physics or in Econophysics. 

 
4. Hypothetical case study 
      Here following, there is described an 
example [2] of such sizing of a program of study 
(curriculum)2. 
                                                 
1   If observed by state authorities, but this may, sometimes, not 
happen.. 
2 The authors proposed this problem, to the participants at the 
ceremony of inauguration of the headquarters (“DECANAT”) of 
the new Faculty of Applied Sciences of the University 

4. 1. The Statement of the proposed problem: 
 
      "At the Admission  competition into a First 
Cycle (“License”) of an Engineering Curriculum 
(4  years of study + license examination), at a 
newly created Faculty (let say “AS”), there are, 
initially, offered, by the University, for the first 
cohort of the curriculum,  100  places, funded by 
the State, from the quota given to the whole 
University. Because of the existing demand and 
of  the results at the admission examination (3 
hour tests in Mathematics and in Physics),  the 
Faculty AS asks, from the University, 5 more 
State funded places, (to reach D0 = 105 
freshmen) taking the 5  public budgeted place 
from an other faculty, that other faculty not 
having covered with demands its initial quota.  
      The University approved that increase. 
      Soon, the candidate ranking the 106th on AS 
list, which has an average mark a little smaller 
than the mark of the 105th  candidate, but larger 
than the minimum average mark for admission in 
the University, asked to be admitted in the 
Faculty AS, too. But he was not accepted by the 
Faculty. This candidate demanded, directly, to 
the University, to offer Faculty AS one more 
supplementary place for a newly enrolled student  
      The University, because the request was not 
implying for it supplementary public financing, 
accepted the demand of the 106th candidate, 
subject to the Faculty AS’ decision.  But the 
Faculty AS did not accept the generous offer of 
the University (to have M0 = 106 freshmen). The 
Faculty AS, refused the place additionally 
funded (place increasing with 1/105 the initial 
financing of the curriculum, for its freshmen), 
mentioning the future accreditation conditions. 
     Explain the  two managerial positions, of the 
Faculty and of the University, considering the 
funding per year, per enrolled student, E,  as 
being  constant, during the whole cycle of 
License studies and observing the conditions for 
accreditation. 
      Legal information [1]: Compulsory 
Conditions for Accreditation of a Curriculum of 
Studies by  ARACIS (the Romanian State 

                                                                          
“POLITEHNICA” in Bucharest, on 8th of  March    2007.  This 
Faculty has been created, in the summer of 2005,  as an 
independent faculty, on the opportunity of implementing Bologna 
Reform of Higher Education in Romania. The number of   
candidates enrolled as freshmen in the academic year 2005-6, with 
the curriculum offered by the new faculty of Applied Sciences was 
105 = D0. The students passing in the second year was 68, 
corresponding to a  p1 = 65%. 
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Accreditation Agency for Higher Education), 
Annex. I. 3. 3., the Provisions:  
-- CNO IV   5: “between two successive years of 
study, the minimum percentage of passed 
students to be achieved must be pa = 40%”      (1) 
-- CNO IV 10: “the minimum percentage of the 
students successful in taken the graduation  
examination  must be  pg = 51%”.           (2) 
 
4.2. Solution of the problem 
 
      The strategy of solving the problem is to 
determine, when observing (1) and (2), the 
minimum necessary numbers of graduates of the 
curriculum, with License's degree, Df (for the D0 
desired by the Faculty AS) and respectively,  Mf 
(corresponding to the MO freshmen, figure not 
accepted by the Faculty AS) and to compare 
them.  
      The accepted results for Df and Mf   are to be 
the upper next integers of the exactly found 
values.                                     
                       (3) 
      There are then to be compared the costs 
involved versus the changes in the number of 
enrolled freshmen.  
      If the number of students would not be 
integers,  the minimum percentage of graduated 
students, out from the freshmen, compulsorily 
resulting from accreditation conditions,  Pf , 
would be: 
Pf  = p1 * p2 * p3 * p4 * pg  =  0.404 * 0.51 =  
    = 0.013056,                                       (4) 
roughly, 1 graduate in about 76-77 freshmen. 
      The number of graduates, GD and GM, 
starting from the two initial situations,  D0 and 
respectively, M0, rounded only at the end of 
computations, would be: 
GD = Pf*D0  =  0.013056 * 105  = 1.37088    → 2 
             (5) 
GM = Pf*M0  =  0.013056 * 106 = 1.383936  → 2 
             (6) 
      That means that, the conditioned final result, 
expressed in  rounded up integers, would be the 
same for both number D0 and M0 of enrolled 
freshmen: 1 graduate (lower value) or  2 
graduates (upper value), depending of the 
convention of final rounding up (here - 2 
graduates for the normal, upper, rounding up).  
      Based on this model, the Faculty might had 
accepted the offer of the University, offer 
increasing its funding for freshmen with 1/105  
of initial value, without supplementary 

obligations at the end of the 4 y  + graduation 
examination cycle.  
      But, if there is a rounding up to the upper 
integer, for each year of study, the things change 
significantly!  
 
4. 2. 1. Summary of the data known from the  
            Statement when rounding up to the                         
 upper integer 
 
      Known  data (input) :   
D0 = 105; M0=106; pi = pa=0.40; pg=0.51,        (7) 
Di, Mi, Df, Mf  ∈ N,            (3) 
where Di, Mi  are the numbers of students 
finishing the ith year of study,  
 i {1, 2, 3, 4}                                     (8) 
       Data to be found (output):   
Df =?;      Mf = ?            (9) 
TD = ΣDi  = ?   ;     TM = ΣMi = ?  ,        (10) 
 where, T is the  total number of funded 
year*student, for the whole cycle. 
 
4. 2. 2. The symbolic solution  
 
Di+1 ≥ pa *  Di ; Mi+1 ≥ pa * Mi                                 (11) 
Df    ≥ pg * D4 ; Mf    ≥ pg * M4         (12) 
Di, Mi, Df, Mf  ∈ N,           (3)  
 
4. 2. 3. The numerical Solution 
 
      The minimum number of students to pass in 
the next year (rounded up to the upper 
integer), for 4 years of study are, successively: 
Di :  D1   = 105*0.40= 42;  D2 =16.8  → 17;  
D3 =6.8 → 7;  D4 = 2.8 → 3         (13) 
Mi:  M1 = 106*0.40= 42.4 → 43; M2 = 17.2 
→ 18; M3 = 7.2 → 8;  M4= 3.2 → 4        (14) 
      The minimum number of students to pass the 
graduate examination  and receive diplomas 
(rounded up to the upper integer): 
Df  ≥ pd * D4 = 0.51* 3 = 1.53 → Df  = 
                     =  2 graduates          (15) 
Mf ≥ pd * M4 =  0.51* 4 = 2.02 → Mf =  
                      =  3 graduates          (16) 
 
4. 3. The interpretation of the results  
 
     The relative growth of the number of 
graduates due to curriculum AS, expected by the 
investor (the University), rf  is: 
rf = (Mf  /  Df  ) –  1 =  3/2  – 1   =  
    =  50  % ,           (17) 
for a relative increased investment in the 
freshmen, r0   of:     
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r0 = (M0  /  D0 ) -  1 = 106 / 105  - 1   = 
    =   0,95  %.                       (18) 
      For the University (the investor) the resulting 
leverage,  L0, would be:  
L0 =  rf / ro = 50% / 0.95 % = 52.63   
     → ~53  times !           (19) 

The cumulated (consolidated) expenditures, 
during the whole cycle, due to the enrollment of 
one supplementary freshman, would increase 
from  
TD = ΣDi= 174 year*student*E          (20) 
to 
TM = ΣMi=179 y*s* E,                       (21) 
relatively, rt,  with 2.73% .                     (22) 
      The Leverage on the total expenditures for 
getting one more graduate, Lf,  would be: 
 Lf  = rf   /  rt  = 0,5: (5/174)= 17.4 times.      (23) 
      Therefore, the University is highly interested 
to have enrolled, by the faculty AS, the 106th 
student.  
      The Faculty may had looked at the offer of 
the University as an obligation to got three 
graduates instead of two (50% more efforts) for 
that cohort, for an increase in funding of only 
0.95% for freshmen and of 2.73%, for the entire 
cycle.  Therefore the Faculty is not wishing to 
enroll the 106th student, with a view to the 
coming accreditation inspection, at the end of the 
cycle. It was not worth for the Faculty to accept 
the additional offer of the University. 
      Because the examinations are internal 
procedures, the faculty could, eventually, reduce 
the level of standards for assessments, applied if 
accepting the 106th freshmen, but the Faculty AS 
did not want to do that, the Faculty considering 
the international standards of assessment as 
being more important.3 

 
5. Conclusion 
      By further exploring the model  along a 
wider spectrum of  enrolled freshmen in a 
curriculum, for the same accreditation conditions 
[1],   the authors have found that there are some  

                                                 
3 Sometimes, some education institutions diminish the level 
necessary for passing, especially high schools. Consequently, the 
Government felt obliged to introduce, a couple of years ago, the 
final high school examination (“Baccalaureate”) as an external 
examination, based upon national unique tests and external 
commissions. The first result was that some high schools in 
Romania, especially from rural area, obtained a null rate of 
graduation. The second result was large attempts of cheating. 
     Unfortunately, in Romania, some public high schools with null 
graduates have not been closed, in spite of the (theoretically) 
compulsory accreditation provisions. 
      

intervals  between which the number of  
necessary graduates for accreditation is the same; 
specifically to the mentioned accreditation 
conditions [1], for the intervals: 
D0 ∈     1 -   12  → Df  =     1  graduate        (24) 
D0 ∈   13 -  105 → Df  =     2  graduates 
D0 ∈ 106 -  187 → Df  =     3  graduates 
D0 ∈ 188 -  262 → Df  =     4  graduates 
D0 ∈ 263 -  342 → Df  =     5  graduates 
D0 ∈ 343 -  417 → Df  =     6  graduates 
D0 ∈ 418 -  500 → Df  =     7  graduates 

- - - - - - - 
 

      Therefore, one may define discrete, stiff 
transitions in the number of graduates over the 
magical numbers of freshmen: 
12; 105; 187; 262; 342; 417; 500  . . .        (25) 
      From this finding, an advice for managers 
of curricula: observe the upper limits  of classes 
for the freshmen: do not exceed Magical 
numbers! 
      We have to note that the difference between 
successive intervals slightly oscillates, but the 
trend is towards the value 1/ Pf = p1 * p2 * p3 * p4 
* pg  = 0.0256*0.51 = 1/0.013056= ~ 76 students. 
     For other accreditation conditions, there are to  
easily be found other sets of magical numbers. 
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international association legally registered in 
Portugal. With a broad open understanding of the 
meaning and importance of Science to the 
development of our societies, each individual and 
of the humankind, the main goal of the Network is 
the development and improvement of science 
education and scientific literacy by an extended 
use of investigative hands-on experiments based 
learning of Science and its applications. 
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