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Abstract
Many public schools in Brazil do not have the financial resources to obtain
certain equipment for teaching physics. Considering that the Brazilian
National Common Curricular Base, a normative document that defines the
organic and progressive set of essential learning that all students must
develop, determines that the curriculum for teaching electromagnetism for
high school encompass electrostatics. It is very important that schools offer
laboratory conditions. For this reason, it was proposed to design simple and
low-cost construction equipment, so that teachers from the basic education
network can build them for their schools, thus improving the quality of
teaching for their students. This study aims to gather equipment and
experiments, such as electroscope, electrophorus, Leyden jar and Van de
Graaf generator, which can be used in the classroom for didactic purposes in
physics teaching. The main focus of this work is the construction of
equipment for the implementation of a laboratory for the study of
electrostatics, which addresses physical concepts seen by high school
students of the basic network in Brazil.

Keywords: low cost, electroscope, electrophorus, Leyden jar, Van de Graaf generator,
experimental physics teaching
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1. Introduction
In Brazil, the way in which students are admit-
ted to the University is based on written
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assessments (University Entrance Exam and
ENEM-Exame Nacional do Ensino Médio),
motivating most professors with a theoretical
approach focused on problem solving. However,
as the Curriculum Reference for High School
provides, the teaching of Physics must go further
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and seek to contextualize the contents with a lan-
guage accessible to students. The document also
places the teacher’s knowledge in experimental
didactics as a fundamental to achieve a more
complete learning of the students. In addition,
researchers [1, 2] consider the experimental teach-
ing of Physics as fundamental for the familiariz-
ation and construction of Science. Even with its
widely recognized importance, the experimental
teaching of Physics is still very uncommon in
schools. The first and most relevant factor is the
lack of equipment and funds for teachers to carry
out experiments. The second factor is the intrinsic
difficulty that some of the practices can cause,
such as lack of space, health risks (shocks, burns,
etc), external factors (air humidity, turbidity, etc),
among others.

Following the guidelines of the BNCC (Base
Nacional Comum Curricular), the electromagnet-
ism curriculum for High School [3] is branched
into three knowledge objectives: (i) electric field,
(ii) circuits and electric energy, (iii) magnetic
field. The objective of knowledge related to the
electric field includes electrostatics, defined as
the branch of Physics (it studies the behaviour
of stationary electric charges [4–6]) that encom-
passes concepts such as electrification processes,
Coulomb’s law, electric field and potential differ-
ences electric.

As a result of these difficulties, physics teach-
ers seek extracurricular mechanisms to over-
come the reality in Brazilian schools and bring
the experimental teaching of Physics into the
classroom. They commonly look for simple and
inexpensive experiments that can satisfy the needs
of their classes. In searches on the internet and
in textbooks [5, 7–11], we find several exper-
iments that promise to be simple and didactic.
However, their executions show unforeseen dif-
ficulties, either due to failures in the design/in-
structions, the lack of adequate materials or the
infeasibility of taking them to a classroom. In
this article we propose four more common experi-
ments in electrostatics, scoring the advantages and
disadvantages of each one, as well as detailing
the improvements, problem solutions, facilitations
and cost reductions found. In section 2, materials
and methods will describe the construction of the
equipment, followed by section 3 where its opera-
tion and possible improvements will be discussed.

2. Materials and methods

2.1. Electroscope

The electroscopes, widely used in the last century,
are devices that use the principle of electrification
by induction to identify whether or not a mater-
ial/body is electrically charged. Through meas-
urements made with this instrument, several basic
concepts of nuclear and particle physics emerged,
such as quantitative measurements of radioactiv-
ity and its particles and measurement of element-
ary electric charge [12, 13].

This equipment, highly recommended for
didactic use in the classroom, as a good option for
primary school teachers, presents a very simple
and low-cost construction and use, having a visual
appeal when showing macroscopic phenomena
related to themicroscopicworld. It is an aid instru-
ment for demonstrating the properties involving
the electric force and the processes of electrifica-
tion of materials. It is common to find it in physics
teaching materials [14], on various internet sites
[15–18], and videos on YouTube [7].

The principle of its operation consists in the
movement of electric charges, so that the same
charges will repel each other and the different
ones will attract each other. So when we bring an
electrically charged object close to the top part of
the electroscope, it will attract the opposite elec-
trical charges and repel the equal ones away, caus-
ing the aluminium sheets to separate due to the
accumulation of equal charges in the lower part,
as shown in figure 1.

The materials used in this experiment con-
sist of: transparent bottle (glass or plastic); metal-
lic wire (conductive metal); paper or aluminium
plate; weight (dry sand for example).

The electroscope equipment montage con-
sists of the following steps:

Step 1: (a) Bend the wire leaving it in the
shape of a hook at one end; (b) make a hole in the
bottle cap/stopper (with the help of a knife with a
sharp tip, a drill, or a hot nail) and pass the wire
through it (the wire should fit snugly in the hole);
(c) then wind the end of the wire so that it does not
come out of the hole, as shown in figure 2(a). The
length of the wire will depend on the height of the
bottle, the hook must be above half the height of
the bottle. The wire can be made of any conduct-
ing metal. The easiest to get are: clothesline wire
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Figure 1. (a) Electroscope without the influence of an
electrical charge. (b) Electroscope under the influence
of a source of electrical charge.

for hanging clothes and rigid copper wire. They
can be purchased at construction material stores,
or reused at construction sites.

Step 2: (a) Cut the aluminium foil/ plate so
that it has a drop shape; (b) then make a small
hole close to the thickest edge of the drop with
about three times the diameter of thewire (the hole
should be as close as possible to the edge of the
drop). Two drops of aluminium foil plate will be
needed (figure 2(b)). It is worth mentioning that
aluminium foil is a simpler option to make the
drops, but it wrinkles very easily. It is important to
point out that the sheets of drops should be as flat
as possible. So, aluminium foil end up being a bet-
ter option as they can be made using a recyclable
aluminium can. As the aluminium plates will be
heavier than the aluminium foil, you should make
the drops smaller and more elongated in shape.

Step 3: (a) Hang the aluminium drops on
the wire hook; (b) then cap the bottle and adjust
so that the drops are halfway up the bottle. The
drops must remain inside the bottle as shown in
figure 2(c). It is possible to use any recyclable
bottle to build the device as long as it is made
of a transparent and insulating material. The best
option is a 600ml bottle with a completely smooth
surface on the outside, like the bottle in figure 2(c).

Step 4: Place the weight material at the bot-
tom of the bottle so that it does not touch the alu-
minium drops and can move freely. Let the mater-
ial dry before placing it in the bottle, as there must

be no moisture inside (figure 3). This material is
used to make the recyclable plastic bottle stable
when standing. If you decide to use a recyclable
glass bottle, the weight at the bottom of the bottle
will not be necessary. Due to the electrical prop-
erties of the water molecule, humidity is a major
problem for the proper functioning of the electro-
scope. Therefore, this weight at the bottom of the
bottle must be dry. It is suggested to use marbles
or dry seeds (beans or rice for example).

2.2. Electrophorus

The word electrophoruswas coined by Volta from
the Greek, elektron, and ϕέρω, phero, meaning
‘electricity bearer’. The electrophore arises from
a need to have a simple handling and construc-
tion device capable of joining a large amount
of electrical charges in a quick and practical
way. Materials are generally electrically neutral,
i.e. they have an equal number of protons and elec-
trons. However, some processes [19, 20] can cause
disparity between the charges, leaving the mater-
ial electrically charged.

One of these processes deals with electrifica-
tion by friction, in which two dielectric materials
are rubbed against each other, presenting beha-
viour of loss or gain of electrons. These materi-
als are organized in a table called the triboelec-
tric series [21]. An example of this phenomenon
is what happens when we rub a PVC pipe with a
woolen jacket. PVC, a material that has a strong
tendency to receive electrons, and wool is a mater-
ial that has a strong tendency to lose them, when
rubbed against each other, one will be negatively
charged (PVC) while the other will be positively
charged (wool), as shown in figure 4.

Another process is contact electrification, in
which an electrically charged conducting mater-
ial touches another initially neutral conducting
material, causing the charges to be distributed
between them, so that both will be charged with
the same charge.

The last process deals with electrification by
induction, in which when we approach an elec-
trically charged body to a conductive material, ini-
tially neutral, the charges will be separated. Then
we can ground the negative charges, or remove
part of the charge, by touching the body to a larger
body that can absorb or release charges from it.
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Figure 2. (a) Bent wire fix to the lid. (b) Drop shaped aluminium sheets. (c) Assembled mechanism.

Figure 3. (a) Electroscope not working. (b)
Electroscope working.

The electrophorus is an electrostatic gener-
ator that uses the previously mentioned electri-
fication processes to accumulate a large amount
of charges in a simple way, so that these charges
can be reused several times to demonstrate effects
involving the electric force.

The use of basic materials for demonstrat-
ing electrostatic phenomena, such as bladders and

PVC pipes, proves to be ineffective in some situ-
ations due to the numerous variables that can
interfere with their use.

The materials used in this experiment con-
sist of (figure 5): circular Aluminium baking sheet
(350mmdiameter); PVC pipe (25mmof diameter
and 100–200 mm of length); Epoxy glue or hot
glue; PVC sheet; Wool sweater;

The experiment montage consists of the fol-
lowing steps:

Step 1: Perform a conductivity test on the cir-
cular aluminium baking sheet for pizza using a
multimeter.

Step 2: Cut a piece of PVC pipe that will
serve as a handle, big enough so that the hand-
ler does not touch the aluminium part. Any
handle can be used, as long as the material is
insulating.

Step 3: Glue the handle in the centre of the
circular aluminium baking sheet for pizza.

It can be glued with epoxy glue or hot glue to
ensure that it is well fixed.

Step 4: To generate a charge, lay a PVC sheet
on a table, which should be larger than the electro-
phorus, rub the PVCwith a woolen blouse, always
following the same direction.

March 2024 4 Phys. Educ. 59 (2024) 025007
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Figure 4. Schematic of the charging process of the electrophorus.

Figure 5. Electrophorus.

Place the electrophorus on the PVC sheet and
then touch the metal part with your finger. Hold
the cable, do not touch the metal part to avoid dis-
charge and remove it. This way the generator will
be charged.

2.3. Leyden jar

The Leyden jar was the first capacitor model
created for studying the electrical properties of
materials. Being a device with relatively simple
assembly, it is widely publicized on the internet

as a suggestion for students and teachers in the
most diverse contexts of application, such as
classes or science fairs. The Leyden jar consists
of a bottle made of insulating material, filled
with a conductive liquid. Two metal plates are
attached to the bottle: one inside the bottle con-
nected to a conductive material, such as cop-
per wire, and the other to the outer plate. After
charging the bottle, using a source of static
electricity, electrical charges are stored in the
internal metallic plate, being possible to gener-
ate small sparks when simultaneously connecting
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Figure 6. Leyden jar working diagram.

the internal and external plate (as displayed in
figure 6).

The capacitance of the Leyden jar [22]
depends on some factors related to its manufac-
ture. The first factor to be analysed is the size
of the bottle, since capacitance is directly propor-
tional to the surface area of the bottle that is coated
with conductive material. Thus, a bottle that has
a larger coated area will have a proportionally
greater capacitance, as it is in this region where
the electrical charges will be stored.

In a complementary way [14], the standard
format for commercially available bottles is cyl-
indrical and, in this sense, a cylindrical capacitor
was considered to perform the capacitance calcu-
lation. For a cylindrical capacitor, two cylinders
separated by a distance d, charged with charges of
opposite sign, are considered. Using equation (1):

C = 2πϵ0
L

ln(a/b)
(1)

where
L…. the length of the cylinders,
a…. the radius of the inner cylinder, and
b…. the radius of the outer cylinder.
Equation (6) demonstrates that capacitance,

in addition to depending on the length of the
bottle, also depends on the separation between the
cylinders.

It is important to remember that this equation
takes into account an ideal situation, and may
undergo somemodifications to describe real beha-
viours. In the case of the Leyden jar, the material
that separates the cylinders has an electrical per-
mittivity different from the value presented by the

vacuum (ϵ0 = 8,85.10−12 F m−1), a factor that
influences the capacitance value obtained. Thus,
it is necessary to adjust equation (6), replacing
the value of ϵ0 by the value of the permittivity ϵ
of the dielectric material used in the separation.
The most common materials in the manufacture
of such equipment are polyethylene terephthalate
and glass.

The materials used in this experiment con-
sist of: plastic or glass bottle; roll-on deodorant
ball; aluminium foil; wire; hot glue or epoxy glue;
water with salt;

The experiment montage consists of the fol-
lowing steps:

Step 1: preparation of the container that will
serve as a structure for the experiment. Initially, it
is necessary to coat the outer walls of the bottle
using a sheet of aluminium foil. At this step, it
is interesting that the coating is smooth, avoiding
roughness that can interfere with the load storage
process. The coating should not cover the entire
bottle, leaving a distance of approximately 4 cm
from both ends.

Step 2: making a hole in the bottle cap, so
that the wire can pass through it. At one end of
the wire, fix the deodorant ball with the help of
hot glue or epoxy. After that, the ball is coated
with aluminium foil, taking care to let the wire
in contact with the aluminium foil by twisting it.
Adjusting this structure to the bottle cap, a small
sealing process is performed using hot glue.

Step 3: Finally, the bottle is filled with the salt
water solution and closed, using the cap with the
ball. Inside, the wire immersed in the solution will
serve as a conductor for the charges that are stored
in the metal sheet. It is observed that salt water in
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Figure 7. (a) Ball with wire fixed to the bottle cap. (b)
Finished Leyden jar.

contact with metals causes an acceleration in the
oxidation process, so it is necessary to carry out
periodic maintenance in the experiment, in order
to guarantee its long-term operation (figure 7).

2.4. Van de Graaff generator

As presented by Furfari [23], in his study entitled
‘A History of the Van de Graaff Generator’, the
Van de Graaff generator was initially conceived
and built by the American physicist and engineer
Robert Jemison Van de Graaff in 1931.

Considering that it is an electrostatic machine
capable of producing very high voltages in a reas-
onably simple way, it was mainly used in the area
of nuclear physics to assist in studies involving
the acceleration of particles. The models for these
studies are usually large, with heights of around
13 m and metallic spheres with a diameter of
4.5 m. The educational models present in teaching
laboratories are much smaller in size, with heights
in the decimetre range.

The materials used in this experiment consist
of: a wooden structural support, motor, support
column made of insulating material, two rollers,
two brushes of conductive material, a belt of insu-
lating material and a metallic dome.

The operation takes place by the movement
of the belt under the rollers, which are electri-
fied with charges of opposite signs due to the fric-
tion between different materials, according to the

principles present in the order found in the tribo-
electric series. At the top, the nylon belt is posit-
ively charged due to friction with the teflon-coated
roller, which is negatively charged, as shown in
figure 8. At that moment, electrons present in the
metallic dome, initially neutral, flow through a
conductive wire connected to a brush in order
to neutralize the positive charge of the belt, thus
charging the dome with a charge of the same sign.
At the bottom there is another brush, electrically
grounded, with the purpose of grounding residual
charges present on the belt.

During the functioning of the Van de Graaff
generator, three different processes of electrific-
ation are present [1]: electrification by friction,
electrification by contact and electrification by
induction (figure 8).

In electrification by friction, two materials
that are initially neutral and of different com-
positions are rubbed against each other, causing
a transfer of electrons between the bodies. This
phenomenon can be described by the existence
of atoms that are more likely to lose electrons
while others are more likely to gain them through
chemical bonds. With the purpose of helping in
the choice of materials to be rubbed together to
produce static electricity, a table was construc-
ted, which became known as the triboelectric
series, responsible for showing the tendency of the
material to receive or donate electrons during the
process.

In contact electrification, it is initially neces-
sary that one of the materials is electrically
charged while the other is neutral. When estab-
lishing a physical contact between them, the trans-
fer of electrons between the bodies occurs until a
state of electrostatic equilibrium is reached, where
the ordered movement of charges is interrupted.
This type of electrification appears in the Van de
Graaff generator, for example, when it touches its
charged dome.

In electrification by induction, an initially
charged body (inductor) is brought close to a
neutral body (induced). Due to electrical induc-
tion, the neutral body will present a separation
of charges that will tend to neutralize the charge
of the charged body. If the body is positively
charged, this will induce a separation of charges
in the neutral body, causing charges of opposite
sign to be close to the charged body. Meanwhile,
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Figure 8. Van der Graaf generator.

charges of the same sign are repelled and, in the
presence of an electrical ground, will result in
charging the induced body with charges of oppos-
ite sign to that of the inductor.

According to equations and concepts found in
the literature, such as in Leite [9], Moçambite [24]
and Assad [25], it is possible to estimate the the-
oretical value of the maximum electrical charge
accumulated in the metallic dome of the gener-
ator. Considering that the conductor in electro-
static equilibrium has a uniform distribution of
charges, the maximum charge contained on its
surface is given by:

Q= A · δ (2)

where A is the area of the conducting dome and
δ is the surface charge density. Considering a
point immediately outside the conductor, but suf-
ficiently close to its surface, the value of the elec-
tric field can be determined as:

E=
δ

ϵ0
. (3)

Adopting E as the value of the maximum
electric field present in a region close to the sur-
face of the conductor and є0 being the value of the
electrical permittivity of the vacuum, tabulated as
є0 = 8,85.10−12 F m−1.

According to the literature, air behaves like an
insulator when subjected to electric fields lower

March 2024 8 Phys. Educ. 59 (2024) 025007



Low-cost experiments for teaching eletrostatics in Brazilian high school

Figure 9. Assembly scheme of the PVC structure on the wooden plate.

than 3.106 N C−1. Therefore, by approximation,
the value of Emax = 3.106 N C−1 can be charac-
terized as the maximum intensity of an electric
field to which the air can be subjected before it
becomes conductive (also described as the dielec-
tric strength of the air).

To determine the numerical value of δ, it is
necessary to observe the following relationship
present in equation (4):

ð= Emax · ε0 (4)

Combining equations (2) and (4), we obtain:

Qmax = A ·Emax · ε0. (5)

It is also possible to estimate the approximate
value of the electrical potential present in the gen-
erator by analysing the distance between the con-
ductive dome and a test rod at the moment when
electrical sparks occur

Vexp = Emax · d (6)

where d is the average distance between the dome
and the test rod at which sparks can be observed.

With regard to teaching, the use of the gen-
erator is shown to be a potentially significant

activity for the students’ understanding of general
concepts of electricity such as static electricity,
electrification processes and dielectric materials.
The previous equations can be suggested by the
teacher as a complementary activity to the stu-
dents, so that they can work on the concepts in
order to relate theory and practice when the sub-
ject is physics. As pointed out by Miranda [1],
the use of experiments that facilitate the visu-
alization and understanding of concepts, some-
times abstract in the students’ understanding, acts
as a very important tool in the teaching and
learning process, especially in school environ-
ments. Therefore, one of the objectives of mak-
ing this instrument was to indicate the possibil-
ity of using low-cost materials in the manufacture
of a homemade Van de Graaff generator, since
the conventional models available on the market
have prices that vary between R$ 1000.00 at R$
6900.00.

Step 1: consists of positioning the generator
structure on the wooden plate that will serve as
a support. With the aid of a ruler, two points
weremarkedwhere the PVC pipes would be fixed,
as shown in the diagram in figure 9. Then, the
generator structure was assembled using PVC
pipes: two 305mmpipes, one 95mmpipe coupled
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Figure 10. (a) Positioning scheme of the engine support. (b) Final arrangement of the engine support.

with the help of two 90 degree PVC corner
elbows.

Step 2: Drill the wood plate at the previously
marked points with the aid of a hole saw, fix the
PVC frame on the base, putting two end caps on
each of the lower ends of the tubes to better guar-
antee the generator’s fixation. Two foam rubbers
were also attached to the wooden plate with the
help of screws, providing support and stability to
the generator, as shown in figure 9.

Step 3: On the upper part of the PVC struc-
ture, two bearings were fixed with the help of
cast iron plates and welded in the form of clamps,
attached to the PVC pipes by means of rivets and
two screws.

Step 4: At the bottom build a second struc-
ture using two metal sheets, to fix the engine that
will make the generator work. Four screws were
welded to the first plate at each of its ends. In
the second plate, where the motor and a bearing
coupled to a support were fixed, four holes were
drilled coinciding with the position of the screws
in the first plate.

Step 5: At the end, position one plate over
the other with the help of the eight nuts, the
structure was fixed to the wooden base using six
screws. The purpose of this mobile structure is
to help adjust the tension applied under the belt,
ensuring that it can rotate without major disturb-
ances. The positioning of the frame is illustrated in
figure 10.

Step 6: To build the two rollers that would run
with the belt, two 95 mm long PVC pipes were
used with connectors at both ends. In this way,

the roller will have a central space for the belt
to work without getting out of alignment. In the
upper roller, covered with teflon tape, two wheel
bolts were fixed inside to connect it to the bear-
ings. The lower roller (also with the aid of a wheel
bolt), had one of its ends fixed to the bearing and
the other end was attached to the motor rotation
axis. This roller was coated with nylon. A photo
showing both the metallic support for the bear-
ings and the assembly of a roller is illustrated in
figure 11.

Step 7: The belt that is between both rollers
was made using a soft nylon fabric, sewn in
order to form a band that was sufficiently ten-
sioned in the space between the rollers posi-
tioned on the structure. The choice of material
was based on the triboelectric series, taking into
account the ease and low cost of teflon tape and
nylon.

Step 8: The metallic dome, responsible for
ensuring the accumulation of electrical charges,
was attached to the upper part of the PVC struc-
ture using a clamp, so that it was possible to attach
a set of copper wires to its interior with the aid of
insulating tape. The other end of these wires was
shaped into a brush and placed at a distance of
approximately 10 mm from the nylon strip. The
spacing was done taking into account that direct
contact with copper could damage the belt made
of a less resistant material. At the bottom, a brush
was also made with copper wires 10 mm away
from the belt, now connected to the metal plate
with insulating tape to ensure the grounding of
residual charge.
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Figure 11. (a) Upper roller and bearing support. (b) Light wire attached to the inside of the generator’s metallic
dome.

Figure 12. Finished generator assembly and test pole.

Step 9: The last element was the making of a
test stick that provides a better analysis of effects
such as sparking. It was necessary to envelop
a sphere of approximately 8 cm in diameter in
aluminium foil, ensuring that no part was left
uncoated. A twist was also made in the aluminium
foil at the base of the sphere in order to cre-
ate a ‘beak’ in which a piece of copper wire
was wound. Finally, the sphere was fixed to a
tube of insulating material, which was used as a
cable, with the remainder of the copper wire being
grounded at the base of the generator. The final
generator assembly and test pole are shown in
figure 12.

3. Results and discussion

3.1. Electroscope

In this instrument, aluminium foil was initially
used in a single strip folded in half. However,
it had a restorative force that tended to keep the
paper open in a ‘v’ shape. To solve this problem,
this single strip was cut into two separate strips
that were attached to thewire through a hole. After
some improvements regarding the design of the
two strips to the wire, we achieved a satisfact-
ory result, where we could observe that the strips
separated significantly whenever an electrically
charged body was approached.

In the initial versions, the use of the bottle
demonstrated that it did not have a stable balance
even with small vibrations. In order to solve this
problem, a weight was used at the bottom of the
bottle, so that its centre of balance was lower and
consequently increased its stability. After all the
optimizations, it is observed that the climatic con-
ditions, especially the relative humidity of the air,
influenced the proper functioning of the device.
Thus, it is suggested that on days when the rel-
ative humidity exceeds 60%, consider using a
dehumidifier.

We emphasize that a satisfactory result was
obtained when building an equipment completely
made of reused material after all the modifications
and improvements.

In order to use the electroscope in the
classroom, it is necessary to develop a lesson plan,
which takes into account appropriate teaching
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methodologies, with well-defined learning object-
ives, building a script that brings questions, which
stimulate the student’s critical thinking in relation
to the subjects studied, considering the use of act-
ive methodologies.

3.2. Electrophore

In the tests carried out with the electrophore, it
works according to the video [7]. However, some
considerations are worth. In the tests carried out, a
PVC sheet was used on which a wool blouse was
rubbed to generate an electric charge. Note that
the electrical charges accumulated at the bottom
of the PVC sheet, and it is possible to use the gen-
erator to gather these charges. However, its use for
charging electrical charges to other devices, such
as the Leyden bottle, requires a large number of
repetitions, exposing its low efficiency.

The problem seen with the accumulation of
charges on the bottom of the PVC is considered to
originate from a grounding process that is occur-
ring due to the fact that the sheet used is very thin.
To solve the problem, the best way is to use a
thicker sheet, or use two layers of PVC separated
by a layer of cardboard.

To avoid shocks when grounding electrical
charges, you can use a coated copper wire, con-
necting one of its ends to the ground and the other
end to the top of the circular aluminium baking
sheet.

3.3. Leyden jar

In the tests, it was possible to note the versatil-
ity of the Leyden jar as well as the high capacity
for accumulating electrical charges. This device
can accumulate charges of around 103 Coulombs,
capable of overcoming the dielectric strength of
air and forming visible sparks with an average of
5 mm

It was observed that it is possible to build
the bottle using aluminium foil on the inside.
However, it is necessary to use a bottle that has
a larger upper opening than the one used in this
experiment, preferablywith a lid, like the one used
by Iberê in the video [8], and in this case the capa-
citance value of the bottle will be greater. For

comparative measurements, we built two models:
one using salt water and the other dry, with alu-
minium foil inside. When fully charged, the bottle
with water produces a spark of about 7 mm, while
the dry bottle produces a spark of about 12 mm. A
problem noted when using the bottle is the relat-
ive humidity of the air, which on very humid days,
the device discharges faster.

The Leyden jar can be used to carry out
an experiment in class where the electric current
passes through several people in sequence, which
is very didactic to exemplify the functioning of the
electric current [26].

We show that the construction of the Leyden
jar is very simple and a fundamental part of any
didactic laboratory that aims to study electrostat-
ics. In this way, it is possible for the teacher
to build the device together with the students in
the classroom, applying different approaches to
do so. It is crucial that all work to be done in
the classroom is accompanied by good planning
that uses a theoretical basis involving appropriate
methodologies for the work that the teacher wants
to do.

For better use of the equipment, we recom-
mend that you use an electrostatic generator such
as an electrophorus or a Van der Graaf generator
to charge the bottle electrically.

3.4. Van de Graaf generator

In tests, the generation of static electricity was suf-
ficient to demonstrate the effects of contact elec-
trification and sparking. According to the theory,
it was possible to calculate the maximum value
of electrical charges accumulated at the top of the
generator.

The area obtained from the dome, 0.034 m2,
was used to calculate the amount of max-
imum electric charge (Qmax). Considering the
maximum value of the electric field (Emax) of
3.106 V m−1 present on the external face of the
conductive material of the metallic dome and
є0 = 8,85.10−12 C2 N−1 m−2, the value of Qmax

found was 9,13.10−7 C or 0.9 µC.
For the estimated calculation of the electric

potential, several measurements of the distances d
between the test rod and the metallic dome were
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Figure 13. (a) Calculation of the surface areas of the dome. (b) Picture of an electrical discharge from the dome
to the test pole.

carried out using a ruler. The average value of d
found was 0.007 m.

The theoretical value obtained for the elec-
tric potential was 21.000 V. It is interesting to note
that even if the voltage reaches very high values, it
is possible to touch the generator without risking
safety, due to the low amount of charge stored in
the conductive dome.

Factors such as relative humidity, shape of
the dome, imperfections and intrinsic character-
istics of the materials used can cause the observed
value to differ from the expected theoretical value.
However, the use of equations and theoretical val-
ues, both for teaching purposes in the classroom
and for an approximate estimate of the generator’s
operation, are shown to be valid tools.

The assembly presented in this study is effi-
cient in generating static electricity. However,
some small changes can be made in order to
improve its performance. The metallic dome, for
example, must have a very close to spherical shape
(figure 13), thus reducing the pointed regions
that tend to make the electrified body lose more
charges when compared to the flat regions. The
motor used was obtained from a sewing machine
accompanied by the speed regulator pedal.

Regarding the material of the rollers and the
belt responsible for electrification by friction, it
is always necessary to observe the relationships

present in the triboelectric series. Teflon has the
greatest tendency to receive electrons of all mater-
ials, leaving it up to the developer to choose the
material far enough from Teflon in the series to
ensure better electrification. The option chosen in
this work for this assembly was nylon. Finally, the
list of costs present in the construction of this gen-
erator accounted for the approximate value of R$
223.00.

From a teaching perspective, the generator
presents itself as a possible alternative for teach-
ers, when they intend to work on concepts related
to electricity, facilitating the understanding of the
concepts studied by the students and providing
the creation of an environment susceptible to the
exchange of ideas. The teacher can address, for
example, physical concepts about electric conduc-
tion, electric discharges, static electricity, dielec-
trics. The generator can also be used as an auxili-
ary tool in other experiments.

4. Conclusion
This study allowed us to conclude, through
the proposed instruments: Electroscope,
Electrophore, Leyden jar and Van de Graaf
Generator, that the elaboration of a laboratory
for the study of electrostatics, applied to second-
ary education, proved to be viable, considering
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constructive aspects, costs and didactic imple-
mentation. In this way, the implementation of
this project will provide students with a compre-
hensive and playful understanding of the physical
phenomena studied.

Data availability statement
No new data were created or analysed in this
study.

ORCID iD
Margareth K K D Franco 
https://orcid.org/0000-0001-5336-7701

Received 18 October 2023, in final form 3 January 2024
Accepted for publication 22 January 2024
https://doi.org/10.1088/1361-6552/ad2105

References
[1] Miranda T A 2019 Projeto de um gerador

eletrostático de van de graaff e aplicações no
ensino de eletrostática PhD Thesis Federal
University of Rio de Janeiro

[2] Andrade J A N 2010 Contribuições formativas
do laboratório didático de física sob o
enfoque das racionalidades MSc Thesis State
University Paulista

[3] (available at: www.educacao.pr.gov.br/sites/
default/arquivos_restritos/files/documento/
2021-08/referencial_curricular_novoem_
11082021.pdf)

[4] (available at: dicionario.priberam.org/
eletrost%C3%A1tica)

[5] Nussenzveig H M 1997 Curso de Física Básica
vol 3 (Edgar Blücher)

[6] Feynman R P, Leighton R B and Sands M 2008
The Feynman Lectures on Physics vol
2 (Bookman)

[7] Detector de elétrons caseiro
Eletroscópio—Experiência De Física
(available at: www.youtube.com/
watch?v=qAsesJkyZ4Q) (Accessed 4
February 2023)

[8] Como fazer máquina de choques com forma de
pizza (available at: www.youtube.com/
watch?v=vklSPA4ay_4) (Accessed 6
February 2023)

[9] Leite F B R 2015 Montagem do gerador de Van
de Graaff para o uso em atividades

experimentais no ensino de física Final
Paper (University of Brasilia)

[10] Como fazer uma máquina de choques caseira
para feira de ciências (available at: www.
youtube.com/watch?v=Lxe4FAI-g6s),
(Accessed 6 February 2023)

[11] A garrafa de leyden—experimento de física
(eletrostática) (available at: www.youtube.
com/watch?v=FUCV_FQfRrA) (Accessed
6 February 2023)

[12] Rutherford E 1904 Radio-Activity (Cambridge
University Press) p 399

[13] Makower W and Geiger H 1912 Practical
Measurements in Radio-Activity (Longmans,
Green, and Co) p 151

[14] Halliday D et al 2009 Fundamentos de Física vol
3 (LTC)

[15] Santos M A S 2016 O eletroscópio de folhas de
alumínio como instrumento de ensino dos
conceitos da eletrostática MSc Thesis
Federal University of Rio de Janeiro

[16] (available at: pesquisandoaprendendo.blogspot.
com/2009/03/eletroscopio-de-folha.html),
(Accessed 5 February 2023)

[17] (available at: brasilescola.uol.com.br/fisica/
eletroscopia.htm) (Accessed 5 February
2023)

[18] Aula prática: Construção de um eletroscópio de
folhas (available at: educador.brasilescola.
uol.com.br/estrategias-ensino/aulapratica-
construcao-um-eletroscopio-folhas.htm)
(Accessed 5 February 2023)

[19] Santos C A 2003 A LEI DE COULOMB Lecture
Notes (Federal University of Rio Grande do
Sul)

[20] (available at: www.encurtador.com.br/bqDZ7),
(Accessed 6 February 2023)

[21] (available at: mundoeducacao.uol.com.br/fisica/
processos-eletrizacao.htm) (Accessed 06
February 2023)

[22] Queiroz A C M 2000 A Garrafa de Leyden
Lecture Notes (Federal University of Rio de
Janeiro)

[23] Furfari F A 2005 A history of the Van de Graaff
generator IEEE Ind. Appl. Mag. 11 10–14

[24] Moçambite N S 2022 Gerador de Van de Graaff:
conceitos de eletrostática baseado na
experimentação Final Paper (Federal
Institute of Amazonas)

[25] Assad G E 2012 Campo elétrico “na superfície”
de um condutor: uma questão a ser
esclarecida Rev. Bras. Ensino Fis. 34 4701

[26] Aula de Eletrostática—Choque—Garrafa de
Leyden (available at: youtu.be/
47hAmIKpVnM) (Accessed 7 February
2023)

March 2024 14 Phys. Educ. 59 (2024) 025007

https://orcid.org/0000-0001-5336-7701
https://orcid.org/0000-0001-5336-7701
https://doi.org/10.1088/1361-6552/ad2105
http://www.educacao.pr.gov.br/sites/default/arquivos_restritos/files/documento/2021-08/referencial_curricular_novoem_11082021.pdf
http://www.educacao.pr.gov.br/sites/default/arquivos_restritos/files/documento/2021-08/referencial_curricular_novoem_11082021.pdf
http://www.educacao.pr.gov.br/sites/default/arquivos_restritos/files/documento/2021-08/referencial_curricular_novoem_11082021.pdf
http://www.educacao.pr.gov.br/sites/default/arquivos_restritos/files/documento/2021-08/referencial_curricular_novoem_11082021.pdf
https://dicionario.priberam.org/eletrost%2525C3%2525A1tica
https://dicionario.priberam.org/eletrost%2525C3%2525A1tica
http://www.youtube.com/watch?v=qAsesJkyZ4Q
http://www.youtube.com/watch?v=qAsesJkyZ4Q
http://www.youtube.com/watch?v=vklSPA4ay_4
http://www.youtube.com/watch?v=vklSPA4ay_4
http://www.youtube.com/watch?v=Lxe4FAI-g6s
http://www.youtube.com/watch?v=Lxe4FAI-g6s
http://www.youtube.com/watch?v=FUCV_FQfRrA
http://www.youtube.com/watch?v=FUCV_FQfRrA
https://pesquisandoaprendendo.blogspot.com/2009/03/eletroscopio-de-folha.html
https://pesquisandoaprendendo.blogspot.com/2009/03/eletroscopio-de-folha.html
https://brasilescola.uol.com.br/fisica/eletroscopia.htm
https://brasilescola.uol.com.br/fisica/eletroscopia.htm
https://educador.brasilescola.uol.com.br/estrategias-ensino/aulapratica-construcao-um-eletroscopio-folhas.htm
https://educador.brasilescola.uol.com.br/estrategias-ensino/aulapratica-construcao-um-eletroscopio-folhas.htm
https://educador.brasilescola.uol.com.br/estrategias-ensino/aulapratica-construcao-um-eletroscopio-folhas.htm
http://www.encurtador.com.br/bqDZ7
https://mundoeducacao.uol.com.br/fisica/processos-eletrizacao.htm
https://mundoeducacao.uol.com.br/fisica/processos-eletrizacao.htm
https://doi.org/10.1109/MIA.2005.1380320
https://doi.org/10.1109/MIA.2005.1380320
https://youtu.be/47hAmIKpVnM
https://youtu.be/47hAmIKpVnM

	Low-cost experiments for teaching eletrostatics in Brazilian high school
	1. Introduction
	2. Materials and methods
	2.1. Electroscope
	2.2. Electrophorus
	2.3. Leyden jar
	2.4. Van de Graaff generator

	3. Results and discussion
	3.1. Electroscope
	3.2. Electrophore
	3.3. Leyden jar
	3.4. Van de Graaf generator

	4. Conclusion
	References


