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Summary 


This project addresses the theme generating electricity through a homopolar motor. The mounted homopolar motor model was inspired by Michael Faraday's model created in 1821, from the study of the relationships between magnetic fields and electrical currents.
Keywords: engine, energy, strength, electricity.
Introduction [¹]
In 1820 physicist Hans Christian Öerted, when experimenting with electric current, it was found that the magnetic needle of a compass was diverted from its north-south position when approximated from a conductor in which electric current circulated. After this observation, he noticed that he could visualize the relationship between electricity and magnetism through a practical experiment, the operation of an electric motor.
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Fig.1: photo of physicist Hans Christian Ørsted

To understand how an engine works, you should know one of the key data that serves to build it:

- Magnet: bodies that are attracted or repelled by a magnetic force. They have two poles, the north pole and the south pole, where the equal poles repel each other.

- Magnetic field: is the influence of moving electric charges and permanent magnets. It is a region of space where magnetism manifests itself through so-called magnetic actions. These actions take place at a distance and only a few substances are influenced by the magnetic field.

- Turn: is a type of electrical circuit that has several functions mainly aimed at the production of magnetic field, electricity and mechanical energy. It is a component of the generated electricity.

- Electric current: is a flow of electrons that circulates through a conductor when between its ends there is a potential difference. This potential difference is called voltage.

The ease or difficulty with which electric current flows through a conductor is known as resistance.

When the electric current runs through a conductive wire, it creates a magnetic field around it, that was the effect of Hans Christian Örsted in 1820.

Every electric motor is driven by the principle of electromagnetism, whereby conductors situated in a magnetic field and crossed by electric currents where they are acted upon by a mechanical force, or electromagnets exert attractive or repulsive forces on other magnetic materials.

In this way, a magnetic field can exert force on moving electric charges. As an electric current is a flow of electric charges moving in a conductor, so every conductor immersed in a magnetic field is applied a force.

The working principle of electric motors is as important for the automation of equipment and manufacturing processes as the combustion engines for automobiles. Without them, there would simply be no automation. Today's electric motors are everywhere, virtually everything that moves due to electricity uses an AC (alternating current) or DC (direct current) electric motor.

Also researching the link between electricity and magnetism was the Englishman Michael Faraday (1791-1867).
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Fig.2: photo of physicist Michael Faraday
Born in Newington, near London, he was a physicist and chemist, but of poor theoretical background. Therefore, he valued experience as proof of natural phenomena. Thanks to his curiosity and methodical experiments, he was able to demonstrate in 1822 the circular magnetic field. Faraday filled with mercury - a conductive metal - two specially designed cups, so as to have an electric wire sticking out of its bottom. In one of them he fixed a magnetized bar vertically. In the other, it left another magnet loose. In the first cup, when an electric wire hanging above the cup touched the mercury, closing the circuit, it would spin around the magnet. In the other bowl, where the wire was loose, when attached to the chain, the magnet rotated around the central wire. This was the first electric motor, the authentic ancestor of today's machines.

Nine years later, Faraday noticed that if a magnet was placed inside a coil, on which the wire passed electrical energy, it would move to follow the coil's power lines; thus demonstrated that an electrified coil is also a magnet. If we place a coil between two fixed magnets without touching them, it points its north pole to the south pole of the magnet and vice versa. But since the coil poles are determined by the direction of the current flowing through the wire, when we reverse it, the poles also reverse, which causes the coil to move again. If this current reversal is constant, it does not stop rotating. In Faraday's time, as the only source of electrical power available was that of a direct current battery, the change of direction is given through a system called a switch, which is still used today in toys and other small motors.

This is the principle of operation of the electric motor. For the movement to happen, there must be an interaction between the magnetic fields of a stator (fixed part of the system) and a rotor (moving part). After Faraday, many other scientists began to speculate about the phenomenon of electricity.
Experimental procedure [²]
     This practical activity aims to assemble a simple electric motor, direct current that uses the same principle of many appliances, in which all use motor in its operation, ie applied electric current causing the coil to rotate.

To perform this experiment you will need:

90cm Enameled Copper Wire (24 Wire)

2 pieces of wire each 20cm long

1 large size 1.5V battery

1 magnet approximately 2.5cm x 2.5cm

Sandpaper or steel wool

Scotch tape

Rectangular table as support15cmx10cm

First a coil was made, where the copper wire was wrapped around the pile 3 times, making a simple knot and left two ends about __ cm long at each end.

The copper wire enamel was then scraped off the ends with sandpaper. It was done as follows: first the entire enamel on one end was scraped with sandpaper, making a complete turn and the other end was scraped half a turn from the wire. This is because in a plane both ends are scraped, and in contact with the strips, giving contact for the passage of electric current. And consequently in the other plane, only one end in contact with the strips will be scraped, thus not allowing the passage of electric current.
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      Fig.3: Coil
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     Fig.4: Coil
     Construct a support with the wire (picture below) for the coil, fix it with the help of the nails so that it does not fall.

     Using the masking tape, insert the battery into the wooden holder and then wire the ends to the poles of the battery.

     Place the coil in the holder, then place the magnet under the coil. To get the engine running, give your finger a little push on the coil.
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Fig.5: Homopolar Motor
Results and discussion        


In the paragraphs below, the steps for operating the mounted electric motor are shown. At first, the scraped wires are in contact with the strips and the electric current creates a magnetic field in the coil. This coil, because it has freedom of rotation, moves in order to get rid of the repulsion of the common magnet, which is fixed in front of it. In a quarter turn the coil is partially in contact with the strips and the magnetic field begins to lose its strength, thus not letting the attraction of the south pole of the coil to the north pole of the magnet is strong enough to stop the movement. When the coil completes half a turn, the reverse process would begin. That is, there should be an attractive field between the coil and the magnet. But that would only happen if the contacts were connected. This contact is not established, therefore, this attraction would stop or stop the movement acquired at the first moment. By completing another quarter turn, contact with the strips begins to recover and the magnetic field begins to gain strength. At this point the coil begins to be repelled by the common magnet. Given the movement the coil already has, it gains new acceleration. Thus the process continues periodically, returning to the starting position and the cycle restarting as long as there is electric current passing through the coil. Briefly, the simple electric motor basically works by repulsing between two magnets, one natural and one unnatural (electromagnet). The use of unnatural magnets in an electric motor is convenient, as it is possible to invert the magnetic poles by reversing the direction of the electric current. The magnet attached to the stack (natural magnet) has one of its poles facing the loop and when it becomes a magnet, there is an interaction between them. When the loop has the same type of pole to which it is attached, we will have a repulsive force that will move the loop. This movement often depends on an initial push.
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Fig.6: Homopolar Engine- Built
Conclusion    

Every Electric Motor Emits Magnetic Field - The moment the faces of opposite poles are facing each other, the current stops flowing because the unshaven end of the loop prevents current from flowing. The loop thus ceases to be a natural magnet but retains its movement (spin) due to inertia. The moment the shaved part of the coil comes in contact with the rod, the process restarts, allowing constant movement of the coil. - An important detail noted is that when the coil has the opposite pole to the magnet to which it is attached, the force that will exist will be attraction and the movement of the coil will be dampened and may even result in the end of its movement. 
Additional Experiments
Bubble Driving Experiment.
Firstly, through the friction between the human skin (tends to lose electrons) and the bladder, the bladder will be negatively charged, forming an electric field around it and attracting the protons that surround it. The molecules of water are polar, so when the electric field of the bladder approaches they attract each other. The soap bubble can only float in space as two forces work on it, first the 
gravitational force and second the attraction force between it and the bladder, then so that it stay still it is necessary to reach the equilibrium point (it takes practice to achieve it).
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Fig.7: Bubble Driving Experiment
Homemade Shock Machine (Leyden Jar) [³]
The Leiden bottle, or Leida in its Portuguese form, is a primitive kind of capacitor, a device capable of storing electric energy. It was accidentally invented in 1746 by Pieter van Musschenbroek, a professor at the University of Leiden, Netherlands, who studied its properties and popularized it.
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Fig.8: Leyden Bottle - Built
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