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1. Electricity sources \ Electrochemical contact potential
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	Volta’s Pile - reconstruction of Volta’s pile - Polish coins (or better old Italian or Cu and Al disks) separated with salt-solution wet paper. The pile consists of 15 pairs of coins and gives about 6 V. 

The easiest way to build the Volta pile is just to use coins (unfortunately, new euro coins give very small – 0.1 contact potential).

Source: UMK
Cost: xx
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	Volta’s Tongue - Aluminum-made pencil sharpener and its knife from the stainless steel, separated with saliva-wet paper give more than 1 V.

Differently to common opinion, neither copper and zinc plates immersed in acid nor other similar things were first Volta’s cells. Following the discovery of Galvani, that the electricity produces an effect of muscles, Volta noticed that if you put together a silver and tin coins on your tongue (silver is placed in the deeper part of the tongue and tin on the tip), you can taste “the acidity”. But if you replace metals you will taste “alkalinity”.

If you want to repeat the experiment, touch with your tongue a metal sharpener, or the end of a metal compass, or other object consisting of two different metals (be careful!). 

Source: UMK
Cost: xx
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	Vegetable Battery - battery consists of two electrodes made of aluminum and copper, stacked into lemon, tomato or any other vegetable (LCD watch included).

Vegetable battery is an example of the galvanic cell, where current is generated due to electrochemical reactions. From the theoretical point of view, each cell consists of two half-cells: a metallic electrode immersed in a suitable solution. On electrodes oxidation reactions take place (on anode, i.e. negative electrode) and reduction (on cathode, ie. positive electrode). Half-cells are connected each other within the fruit. To run a clock, three cells are needed (can be apples, as well). 

Source: UMK
Cost: xx
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	IQ-meter - the pad contains two columns of plates made of different metals. The two columns are connected to the two poles of the voltmeter. “IQ  measurement” consists in touching two plates, one from each column, trying to achieve the highest voltage.

Source: UMK
Cost: xx


The set-up metal – human body – another metal is the example of a chemical cell, which principle of work is based on Volta’s electrochemical series. Depending on its application, the cell  should be characterized by big potential difference (lithium batteries), longevity or facility of charging  etc. According to these requirements two metals are chosen from Volta’s series: Al, Zn, Sn, Cd, Pb, Bi, Hg, Fe, Cu, Ag, Pt, Pd. Metals which are situated more to the right (like Cu) constitute positive electrodes, those on the left (like Zn), negative ones. The value of the electromotive force in the cell rises with the distance between two metals in the series. The value depends on the electrolyte type, as well.  In our example, the electrolyte consists of some mineral salts dissolved in water, which in big percentage constitute our body.

2. Electricity sources \ Photovoltaic effect
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	LED Quantum Calculator - the LED diode connected to the voltmeter (which has a large internal resistance) and illuminated by light of “proper” wavelength gives voltage about 1.5-2.5 V. The voltage read corresponds to the photon energy (in eV) of the diode colour (red, green) minus the n-p contact potential (0.8 V). So it performs direct conversion of light colour – to its wavelength – then frequency – then the energy in joule, than in eV: all at once!

Source: UMK
Cost: xx
The internal photo-effect is responsible for appearance of voltage on tips of the diode. The internal photo-effect separates positive (holes) and negative (electrons) change carriers in the n-p junction of two semiconductors. If good diodes are used (the efficiency depends on construction details) and enough large intensity of light (for example solar light) we can show that the voltage value doesn’t depend on the intensity but only on the colour of the diode – it is an automatic re-counter of  light colour into Planck’s quanta energy in eV (after subtraction of 0.8 V due to the voltage drop on the semiconductor junction n-p). Silicon photocells are based on the same principle, but the voltage obtained is lower. 




2. Electrostatics
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	Electrostatic Charge Tube – 20 cm plastic tube filled with polystyrene foam balls  which jump back and forth as the tube is rubbed. Rubbing the tube with a piece of paper or cloth generates a static charge. Demonstrate that like charges repel and unlike charges attract. 

Source: UMK
Cost: xx
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	Volta’s Electroscope – two stripes made  of aluminum foil and a glass reproduce the working principle of Volta’s electroscope.

Source: UMK
Cost: xx
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	Christmas experiment – Coulomb law shown with the colliding Christmas-tree balls and a piezoelectric lighter as a high-voltage source. 

Source: UMK
Cost: xx



3. Magnetostatics
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	Magnetic Sticks - demonstrate that magnets have always two poles - sticks placed by the same poles repel each other, but when stainless steel ball  is put between, they attract each other, the effect being caused by magnetic domain re-ordering in balls. 

Source: UMK
Cost: xx
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	Floating Magnets - demonstrate magnetic levitation with ring-like ferrite magnets. 

Source: UMK
Cost: xx
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	Pen-Ultimate - demonstrate the magnetic levitation;  both in the pen and in horizontal support magnets are hidden. These magnets have a well-defined geometry - of the same polarity in the corresponding positions in the handle and in the support - pushing the pen up and pulling it towards the barrier. 

Source: Loncraine Broxton, http://www.lagoongames.com/

Cost: $9.95
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	Magnetic Cage – as far as it is easy to shield electric fields, it is much more difficult with magnetotostatic fields. This is a special cage done with a material with a high magnetic permeability. The magnetic needle gets totally lost inside.

Source: UMK
Cost: xx



4. Magnetodynamics / Faraday-Lentz Current
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	Faraday’s Coil – a winding of about 100 turns of 1 mm diameter copper wire on 1m2 internal surface frame  demonstrate the Faraday-Lenz current - a few mV - when turned around in Earth’s magnetic field.

What is to be shown with coil is that:

· the voltage changes its sign with turning

· the voltage rises in amplitude if the coil rotates quicker

· no voltage is generated if the coil is simple shifted in Earth’s magnetic field instead of being turned

Source: UMK
Cost: xx
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	Lenz Current Tubes (two types)  – dropping neodymium magnet down in 1 meter long, copper tube, causes a slow fall of the magnet. The moving magnetic field creates a strong opposing magnetic field, due to eddy currents in the cylindric conductor. The fall takes about 25 seconds in our set-up.

Cutting the tube in a special way, the fall is fast – demonstrating the direction of eddy currents

Source: UMK
Cost: 
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photo Educational Innovations
	Hand Generator – produces up to 12 volts of DC electricity. It can be connected to an external circuit or, with a small bulb (included) used independently as a flashlight with the included bulb. Housed in tough transparent plastic, all of the components can be easily observed.

Source: Educational Innovations, http://www.teachersource.com

Cost: $19.95


5. Electromagnetic waves
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	Hertz Experiment – reproduction of Hertz’s experiment with piezoelectric lighter; four knitting wires and a small neon indicator. The ceramic plate is to assure good electrical isolation. The neon lamp illuminates when squeezing up and down the lighter

Source: UMK
Cost: 
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	Electromagnetic Waves Receiver – this device is designed to show electric wires, but if made enough sensitive, detects even the handy telephones.

Source: purchase

Cost: xx
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	Gauss Box (Faraday cage)– a pair of kitchen strainer and a pocket radio demonstrate electromagnetic wave shielding. Repeat this with your handy telephone. 

Source: UMK
Cost: xx



6. Superconductivity
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photo Arbor Scientific
	Meissner Effect - super conductive disc made of the oxides of Yttrium, Barium, and Copper. The disc has a critical temperature of 92 degrees Kelvin. Cool the disc to 77 degrees Kelvin with liquid nitrogen and it produces a striking Meissner Effect (magnetic levitation) when the neodymium magnet is introduced.

Source: UMK/ disks from China maglev

Cost: xx
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