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History of Electricity Discoveries  
 

Alessandro Volta:  
 

Alessandro Volta was a physicist, chemist and a pioneer of electrical science. He is 
most famous for his invention of the electric battery.  

Inventions :  

-  The first electric battery – which people then called the “voltaic pile” – in 1800. 
Using his invention, scientists were able to produce steady flows of electric 
current for the first time, unleashing a wave of new discoveries and technologies. 

- Hydrogen Lamp - a glass apparatus in which hydrogen, generated from zinc and 
sulphuric acid, is burnt; used primarily as a demonstration 

Works Published :  

- Wrote the first electromotive series. This showed, from highest to lowest, the 
voltages that different metals can produce in a battery. (We now talk of standard 
electrode potentials, meaning roughly the same thing.) 

Discoveries :  

- Was the first person to isolate methane. 
-  Discovered methane mixed with air could be exploded using an electric spark: 

this is the basis of the internal combustion engine. 
- Discovered “contact electricity” resulting from contact between different metals. 
-  Recognized two types of electric conduction. 
- Discovered that electric potential in a capacitor is directly proportional to electric 

charge. 

In recognition of Alessandro Volta’s contributions to science, the unit of electric potential 
is called the volt. 

 
Georg Simon Ohm :  

 
Georg Simon Ohm was a German physicist, best known for his “Ohm’s Law”, which 
states that the current flow through a conductor is directly proportional to the potential 
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difference (voltage) and inversely proportional to the resistance.  
 
Works Published :  
 

- After extensive research, he wrote “Die Galvanische Kette, Mathematisch 
Bearbeitet” (The Galvanic Circuit Investigated Mathematically) in 1827, which 
formulated the relationship between voltage (potential difference), current and 
resistance in an electrical circuit 

 
Discoveries :  
 

- Discovered some laws relating to the strength of a 
current in a wire. Ohm found that electricity acts like 
water in a pipe. 

 

- Ohm discovered that the current in a circuit is directly proportional to the electric 
pressure and inversely to the resistance of the conductors.  

 
- It is a simple law that states the relationship between voltage, current and 

resistance in a mathematical equation. In electrical terms, voltage is represented 
by the letter "V"(electromotive force) Current by the letter "I" (intensity), and 
resistance by the letter "R". 
 

 
 The physical unit of electrical resistance, the Ohm (symbol: Ω), was named in 
his honor. 

 

Nikola Tesla : 

 
Nikola Tesla was a Serbian-American engineer and inventor who is highly regarded in 
energy history for his development of alternating current (AC) electrical systems. He 
also made extraordinary contributions in the fields of electromagnetism and wireless 
radio communications. 
 
Inventions :  
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- Induction Motor : Uses alternating current and essentially has two parts – a stator 
and a rotor. The stator stays stationary (duh) and uses electromagnets to spin 
the rotor that’s in the middle. Induction motors are noted for being durable, easy 
to maintain and cheap to run. 

- * AC Current : It is important to note that he did not invent or even discover 
AC, but his inventions made AC applicable for widespread use, helping to 
electrify the world. AC,  not only sends power out, but also brings power back to 
the source. This made it much more feasible to send large amounts of energy 
over a large area. 

- Teleautomaton : Which was a boat controlled by radio waves. Tesla controlled 
the battery operated boat, operating the propellor and lights through the radio 
waves. This invention was a big first in three different areas. The first was remote 
controls, influencing the development of objects like television remotes and 
garage door openers. Secondly, the boat was also one of the earliest robots, as it 
was a mechanical object that could be controlled without a human physically 
touching it. Finally, the combination of robotics and radio control technology 
makes Tesla’s boat the great grandfather of drones 

- Tesla coil : This uses two coils, a primary and a secondary, with each coil having 
its own capacitor. The coils are connected to a spark gap, which is just open air 
where the spark can generate, and the result is that the Tesla Coil can shoot 
lightning bolts, send electric currents through the body and create electron winds. 
Today, the Tesla Coil is mostly used for entertainment and can be seen in places 
like science centers and museums, and some elements of it are also used in 
radios.  

- The first successful wireless energy transfer to power electronic devices in 1891. 

Works Published :  

Tesla wrote a number of books and articles for magazines and journals. [ His most 
famous works include :  

-  My Inventions: The Autobiography of Nikola Tesla 
- The Fantastic Inventions of Nikola Tesla 
- The Problem of Increasing Human Energy 
- Experiments With Alternate Currents Of High Potential And High Frequency 
-  Inventions, Researches and Writings of Nikola Tesla 
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Discoveries :  

- *AC Current - Although he did not discover it, his inventions made AC 
applicable for widespread use 

- Devised an electrical distribution system that employed alternating current ( AC )  
 
 
 
 

Heinrich Hertz 
 
Inventions  :  

- Radio Waves : Scottish physicist James Clerk Maxwell, who developed a unified 
theory of electromagnetism in the 1870s, predicted the existence of radio waves, 
according to the National Library of Scotland. In 1886, Heinrich Hertz, a German 
physicist, applied Maxwell's theories to the production and reception of radio 
waves. Hertz used simple homemade tools, including an induction coil and a 
Leyden jar (an early type of capacitor consisting of a glass jar with foil layers both 
inside and out) to create electromagnetic waves. Hertz became the first person to 
transmit and receive controlled radio waves. The unit of frequency of an EM 
wave — one cycle per second — is called a hertz, in his honor.  

- Dipole Antenna : The dipole is the simplest type of antenna from a theoretical 
point of view.Most commonly it consists of two conductors of equal length 
oriented end-to-end with the feedline connected between them. Dipoles are 
frequently used as resonant antennas. If the feedpoint of such an antenna is 
shorted, then it will be able to resonate at a particular frequency, just like a guitar 
string that is plucked.  

- Wireless Telegraphy : Wireless telegraphy means transmission of telegraph 
signals by radio waves; a more specific term for this is radiotelegraphy. Before 
about 1910 when radio became dominant, the term wireless telegraphy was also 
used for various other experimental technologies for transmitting telegraph 
signals without wires, such as electromagnetic induction, and ground conduction 
telegraph systems.  
 

Works Published :  
- Ueber Die Beziehungen Zwischen Licht Und Elektricitt: Ein Vortrag 

Gehalten Bei Der 62 Versammlung Deutscher Naturforscher Und Aerzte 
in Heidelberg 
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- Electric Waves 
- The Principles of Mechanics Presented in a New Form 
- Miscellaneous Papers 

 
Discoveries  :  

- Proved that electromagnetic waves propagated various distances through the air 
-  Summarized how objects of different materials affect each other on contact. 
- Hertz's principle of least curvature 
- Photoelectric effect. 

 

Michael Faraday 
  
Faraday was a British physicist and chemist. His biggest breakthrough in electricity was 
his invention of the electric motor. 
 
Inventions :  

- Gas Liquefaction and Refrigeration - Mechanical pumps could transform a gas at 
room temperature into a liquid. The liquid could then be evaporated, cooling its 
surroundings and the resulting gas could be collected and compressed by a 
pump into a liquid again, then the whole cycle could be repeated. This is the 
basis of how modern refrigerators and freezers work. 

- Faraday Cage - Discovered that when any electric conductor becomes charged, 
all the extra charge sits on the outside of the conductor. This means that the 
extra charge does not appear on the inside of a room or cage made of metal.  

Works Published :  

- A Chemical History of a Candle 
- Burn : Michael Faraday's Candle 
- The Chemical History of a Candle, a Course of Lectures Delivered Before a 

Juvenile Audience at the Royal Institution 
- Scientific Papers : Physics, Chemistry, Astronomy, Geology 

Discoveries :  

- Electromagnetic Rotation - Faraday’s electromagnetic rotation apparatus. 
Electricity flows through the wires. The liquid in the cups is mercury, a good 
conductor of electricity. In the cup on the right, the metal wire continuously 
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rotates around the central magnet as long as electric current is flowing through 
the circuit. 

- Electromagnetic Induction - Discovered that a varying magnetic field causes 
electricity to flow in an electric circuit. For example, moving a horseshoe magnet 
over a wire produces an electric current, because the movement of the magnet 
causes a varying magnetic field. Movement could be turned into electricity – or in 
more scientific language, kinetic energy could be converted to electrical energy. 
Moving the magnet causes a current to flow. You need a sensitive ammeter to 
observe the tiny current caused by a small magnet. The stronger the magnet, the 
bigger the current. Pushing a bar magnet into a coil of wire can generate a larger 
current. 

-  Faraday’s Laws of Electrolysis - Founding of the new science of 
electrochemistry, which studies events at the interfaces of electrodes with ionic 
substances. Electrochemistry is the science that has produced the Li ion 
batteries and metal hydride batteries capable of powering modern mobile 
technology. Faraday’s laws are vital to our understanding of batteries and 
electrode reactions. 
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Properties of Electrical Charge/Fields 
Electric Charge : Defined as the amount of energy or electrons passing from one body 
to another either by conduction, induction or other specific methods.  

The two main types of electric charges: 

Positive Charge:  + 

Negative Charge: - 

Properties of Electric Charges :  

- Bodies which don’t have charges are assumed to be neutrally charged or no                         
charge. 

- The charge is denoted by the symbol “q” and its standard unit is Coulomb. 
- Mathematically charge is the number of electrons multiplied by the charge on 1                           

electron. That is Q = ne, where q is a charge and number of electrons, n is a                                   
number of electrons and e is a charge on 1 electron (1.6 × 10-19C ).   

 
 
 
 

Properties of Electric Fields :  
 

- Electric Field Defenition : A permeable space that affects charge by exerting 
forces that do not come in contact “onto” said charges.  

- Region around the electric charge in which the stress or electric force act is 
called an electric field. A.K.A : Electrostatic field 

- Large magnitude of charge = huge stress around region 
- Represented by the symbol E 
- SI Unit = newton per coulomb = volts per meter 
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Properties of an Electric Field: 

1. Field lines never intersect each other. 

2. They are perpendicular to the surface charge. 

3. The field is strong when the lines are close together, and it is weak when the 

field lines move apart from each other. 

4. The number of field lines is directly proportional to the magnitude of the charge. 

5. The electric field line starts from the positive charge and ends from negative 

charge. 

6. If the charge is single, then they start or end at infinity. 

7. The line curves are continuous in a charge-free region. 

8. For the positive charge, the line of force come out of the charge and for negative 
charge the line of force will move towards the charge. 
 
 

Coulomb’s Law :  
 
The magnitude of the electrostatic force of attraction or repulsion between two 
stationary charges is directly proportional to the product of the magnitudes of charges 
and inversely proportional to the square of the distance between them. 

 
This law is about the forces created between two charged objects: 
As distance increases, the forces and electric fields decrease.  
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This is a law of physics for quantifying the amount of force with which stationary 
electrically charged particles repel or attract each other 
F ( In Coulomb's Law) : Force between the two objects. A positive force implies a 
repulsive interaction, while a negative force implies an attractive interaction 
k  = Coulomb’s Constant (8.9875517873681764×109 N m2/C2 (i.e. m/F).) 
q1, q2 = point charge of the 2 objects 
r = distance between 2 objects 
 

 
E = magnitude of electric field (N/C or V/m) 
Q = source charge (C) 
q = point charge (C) 
d = distance 
 
 

Static Energy :  
 
This is electricity that doesn’t flow. It has a voltage but no current. Caused by 
over/underpopulated electrons in an object. 
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We learned that atoms are made up of tiny particles called neutrons, protons, and 
electrons. The neutrons and protons make up the nucleus. The electrons spin around 
the outside of the nucleus. A static charge is formed when two surfaces touch each 
other and the electrons move from one object to another. One object will have a positive 
charge and the other a negative charge. Rubbing the items quickly, like when you rub a 
balloon fast over something or your feet on the carpet, will build up a large charge. 
Items with different charges (positive and negative) will attract, while items with similar 
charges (positive and positive) will push away from each other. Sort of like a magnet. 
One example of this is when you slide down a slide and all of your hair stands up 
straight. This is because the friction of sliding has caused a positive charge to be built 
up on each hair. Since each hair has the same charge, they all try to push away from 
each other and end up standing up straight.  
 
 

  Dangers of Static :  
 

- Static electricity builds up in clouds which cause a huge spark to form 
between the ground and the cloud. This is called lightning - a flow of 
charge through the atmosphere. 

- It is dangerous when there are flammable gases or a high concentration of 
oxygen. A spark could ignite the gases and cause an explosion 

- Touching an object with a large electric charge will allow the charge to 
flow through your body, causing an electric shock. This could cause burns 
and heart stoppage. 

- Refuelling aircrafts/tanker can be dangerous. When fuel passes through 
the hose, this could build up static charge, cause a spark, and ignite the 
fuel. 
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Direct Currents 
Direct Currents  - an electric current flowing in one direction only 
 

- Direct Currents flow in one direction, 
all the electrons will flow the same 
way. 

 
- Direct current will never cross the 

x-axis. 
 

- Direct currents are normally produced 
by sources like batteries and solar sources, that will produce one direction power. 

 
- All types of batteries, solar sources, lightning bolts, and things with rectifiers (AC 

-> DC) are DC power. 
 

- DC currents prone to lose power as heat 
 

-  Direct current may flow in a conductor such as a wire, but can also flow through 
semiconductors, insulators, or even through a vacuum as in electron or ion 
beams. 

 
- Primary batteries are a one time use; after they are drained, you throw them 

away. Secondary batteries are rechargeable. This is because in secondary 
batteries, the process that produces electricity is ‘reversible’. 

 

- A direct current circuit is an electrical circuit that consists of any combination of 
constant voltage sources, constant current sources, and resistors. In this case, 
the circuit voltages and currents are independent of time. A particular circuit 
voltage or current does not depend on the past value of any circuit voltage or 
current. 

 
- DC power is widely used in low voltage applications such as charging batteries, 

automotive applications, aircraft applications and other low voltage, low current 
applications. 
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- Primary have longer service per charge and better charge retention (storing 
power) 

 
- DC currents are much less hazardous than AC currents. But, if you get in contact 

with a wet surface, and then touch a DC current, it can be very hazardous.  
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Alternating Currents 
Alternating Currents  - an electric current alternating flow directions 
 

 
- Alternating currents won’t flow in one direction, instead it changes directions 

going back and forth like the picture above.  
 

- They are produced from sources such as power supplies and AC generators 
 

- AC currents are induced when a wire spins in a magnetic field. The rotation of 
the wire comes from ... 

- List of sources:  
- a wind turbine 
-  a steam turbine 
-  flowing water 

 
- Because the wire spins and and obtains opposite polarity periodically, the voltage 

and current alternates on the wire. 
 
 

- The graph of the amplitude of the voltage to time is normally sinusoidal (looks 
like a sine graph) like below. 

 
 
 

- There are other types of alternating 
current graphs though. They each have their 
own uses. 

 
- AC graphs always cross the x-axis 
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- Square waves are often used used in digital and 
switching electronics to test their operation. 
 
 

- Triangle waves 
are found in sound 
synthesis and and useful 
for testing linear 

electronics. 
 
 
Even though we have these other graphs, when we say ‘alternating currents’, we imply 
that we are using a sine graph. AC current follows a sine curve therefore at the peak or 
trough of the curve will be extremely powerful, but unlike Direct current it goes through 
zero to cool itself down a little. 
 
We can describe that graph with this formula: 

 (yea thats kinda scary looking) 
 
V(t) - the function measuring the voltage of the system. 
Vp  - the amplitude of the graph. In other words, this is the + and - peaks of the graph. 
sin() - shows that we indeed have a sine graph. 
2π - constant that converts cycle frequency (hertz) to angular frequency (radians/sec) 
f - frequency of the sine wave in a second. Given in hertz or units/sec. 
t - time. This is our independent variable (x-axis) 
Φ - describes phase of sine graph. Changing this constant can shift graph left or right. 
 
A normal formula with the constants filled in would look something like this: 

 
 We could say 120π but we can easily see what we plugged in this way. 
 
In North America, AC is 120 volts and 60 hertz or cycles per second. 
 

Root Mean Square (RMS) : 
Peak voltage of AC current is not a good measure, so we take the ‘average’, more 
officially known as RMS. it is calculated by multiplying sqrt(2)/2 by the peak voltage. 
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Utility Frequency : 
Most places in the world have 50Hz (cycles per second) power grids but in the 
Americas and some parts of Asia, the frequency is 60Hz. 50Hz grids tend to have 
voltages around 220V, while 60Hz grids will have 110 or 120V. 
 
Generators and Inverters can be both AC or DC. 
 

Hazards :  
AC current follows a sine curve, so therefore it will be very powerful at the peak or 
through, but unlike direct current, it goes through 0 to cool down.  
 

Uses :  
Most homes and offices ; AC makes the transmission of electrical power to great 
distances much more economical. The advantage of AC power sources lies in their 
ability to have their voltages stepped up and down by transformers. 
 

Skin Effect : 
This is the tendency of AC to distribute within a conductor such that the current density 
is largest near the surface of the conductor, and decreases greatly deeper into the 
conductor. The current flows mainly at the ‘skin’ of the conductor, which is the area 
between the outer surface and the ‘skin depth’, which is the depth where current density 
is ~37% (1/e) of the current density on the surface 
 
 
 
 

AC V. DC : 
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LED 
Light Emitting Diode 

 
- In a galvanic (voltaic) cell, the anode is considered negative and the cathode is 

considered positive.  
- The anode and cathode are defined by the flow of current.  

 
Cathode : 

- The cathode is the negatively charged electrode. 
- The cathode attracts cations or positive charge. 

- The cathode is the source of electrons or an electron donor. It may accept 
positive charge. 

Because the cathode may generate electrons, which typically are the electrical 
species doing the actual movement, it may be said that cathodes generate 
charge or that current moves from the cathode to the anode. This can be 
confusing, because the direction of current would be defined by the way a 

positive charge would move. Just remember, any movement of charged particles 
is current. 

Anode : 

-The anode is the positively charged electrode. 
- The anode attracts electrons or anions. 

- The anode may be a source of positive charge or an electron acceptor. 

Cathode and Anode 
Charge can flow either from positive to negative or from negative to positive. 
Because of this, the anode could be positively charged or negatively charged, 

depending on the situation. The same is true for the cathode. 
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- The electrode at which oxidation takes place is known as the anode, while the 
electrode at which reduction take place is called the cathode. 

 
****If the LED has two leads, one longer than the other,the longer lead is the 

postive (also known as the anode) lead. The black (common) lead on the 
multimeter indicates the negative (cathode) lead, and the red indicates the 

positive or anode side.  
 

 LED Construction : 
Then we can say that when operated in a forward biased direction Light Emitting 
Diodes are semiconductor devices that convert electrical energy into light energy. 

The construction of a Light Emitting Diode is very different from that of a normal signal 
diode. The PN junction of an LED is surrounded by a transparent, hard plastic epoxy 
resin hemispherical shaped shell or body which protects the LED from both vibration 
and shock. 

Surprisingly, an LED junction does not actually emit that much light so the epoxy resin 
body is constructed in such a way that the photons of light emitted by the junction are 
reflected away from the surrounding substrate base to which the diode is attached and 
are focused upwards through the domed top of the LED, which itself acts like a lens 
concentrating the amount of light. This is why the emitted light appears to be brightest at 
the top of the LED. 

However, not all LEDs are made with a hemispherical shaped dome for their epoxy 
shell. Some indication LEDs have a rectangular or cylindrical shaped construction that 
has a flat surface on top or their body is shaped into a bar or arrow. Generally, all LED’s 
are manufactured with two legs protruding from the bottom of the body. 

 
 

- LED is a semiconductor that when electrons pass through it it creates light. 

Light Emitting Diode Colours : 

So how does a light emitting diode get its colour. Unlike normal signal diodes 
which are made for detection or power rectification, and which are made from 
either Germanium or Silicon semiconductor materials, Light Emitting Diodes 
are made from exotic semiconductor compounds such as Gallium Arsenide 
(GaAs), Gallium Phosphide (GaP), Gallium Arsenide Phosphide (GaAsP), Silicon 
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Carbide (SiC) or Gallium Indium Nitride (GaInN) all mixed together at different 
ratios to produce a distinct wavelength of colour. 

 

Electrical polarity  : 

 A term used throughout industries and fields that involve electricity. There are 
two types of poles: positive (+) and negative (−). This represents the electrical 
potential at the ends of a circuit. A battery has a positive terminal (+ pole) and a 
negative terminal (− pole). Interconnection of electrical device nearly always 

require correct polarity to 
be maintained. Correct 
polarity is essential for the 
operation of vacuum tube 
and semiconductor 
devices, many electric 
motors, electrochemical 
cells, other electrical 
instruments, and vices 

(Including LED lights). 

 

LED’s are lit by a phenomenon called ‘electroluminescence’

 

20



Electrical Units 
 

Joule (J) Work kg⋅m2⋅s−2 

Voltage (V) Potential kg⋅m2⋅s−3⋅A−1 

Ohms (Ω) Resistance kg⋅m2⋅s−3⋅A−2 

Mhos/Siemens (S) Conductance kg-1*m-2*s3*A2 

Watts (W, P) Power kg⋅m2⋅s−3 

Ampere (A, I) Current A (= W/V = C/s) 

Coulomb (C, Q, q) Charge A * s 

Newton (N) Force kg *m *s-2 

Farad (F) Capacitance kg−1⋅m−2⋅A2⋅s4 

Tesla (T) Magnetic Field N * A-1 * m-1 

 
Ohm’s Law : 

This Law is the relationship between Amps, Volts, Ohms, and Watts. 

 
 
Volts - how much strength a charge is pushed with 
Amperes - how many electrons pass a given point in 1 sec 
Ohm - opposition against free transfer of electrons 
Power - rate of which energy is used 
 
Electrons travel through a wire ‘first come first serve’, meaning the first ones there will 
leave first.Current is the flow of electrons from - to +, but conventional current flows from 
+ to - 
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Units and concepts of current: “I” Ampere or amps:  which is the flow of electric 
charge across a surface at the rate of one coulomb per second. Q/t or coulombs per 
second. Or I=V/R 
 
Units and concepts of Voltage: “V” Voltage or volts: Volts make up what’s called the 
Electromotive force or EMF and is also the Electric potential difference of a circuit and it 
makes up the batteries in circuit. It’s equal to 1 joule per coulomb. 

Notes: In circuits mostly the difference in voltage is discussed, a potential 
difference. Ohm's laws are also applied to potential differences, not just electrical 
potential. In the context of circuits, Voltage is often used in reference to potential 
difference. 

Batteries: There are many types of batteries. They are typically just a source of 
voltage that feeds into a circuit and releases an electric potential difference that allows 
for current to flow through a circuit. 
 
Units and concepts of resistance: Resistance is the measure of opposition to electric 
current. You can use the constant current technique or the Constant voltage technique 
to measure the amount of resistance in circuits. 
Resistors: Is just a piece of metal, and the piece in the center is what provides the 
resistance. A resistor limits the flow of electrical current. 
 
Units and concepts of power: “W’ Watts or wattage: Watts are the measurement of 
the rate at which energy is transferred or Joules per second. This allows for watts to 
help with describing the rate at which electricity is being used at a specific moment. 
Also, Watt-hours are a measurement of energy, describing the total amount of electricity 
used over time. The formula W=VI, I^2R 
 
Units and concepts of energy: “J” Joule or Joules: IN A Circuit: energy is the 
quantitative property of current that is transferred through a circuit to allow for the 
electrical charges within circuits to operate. E=VIt or E= Pt  
 

Resistors in Series : 
● A series circuit is a circuit in which resistors are arranged in a chain, so the 

current has only one path to take. The current is the same through each resistor. 
The total resistance of the circuit is found by simply adding up the resistance 
values of the individual resistors. 

 
Add up all the resistances (Ohms) and you get the total resistance. 
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Resistors in Parallel : 
A parallel circuit is a circuit in which the resistors are arranged with their heads 
connected together, and their tails connected together. The current in a parallel circuit 
breaks up, with some flowing along each parallel branch and re-combining when the 
branches meet again. The voltage across each resistor in parallel is the same. 
Add up all the reciprocals of the resistances and you get the total resistance.  

 
 
Load - an element connected across the output terminals of a circuit that draws current 
from the circuit. A successful load is normally the goal of a circuit. Examples are 
resistors, lights, speakers, motors, etc. 
 

Resistivity and Conductivity : 
Resistivity and Conductivity are measures of how well an object resists or conducts the 
flow of electricity. In calculations, they are reciprocals of each other. 
 
Resistivity is expressed in Ohm*meter 
Conductivity is expressed in 1/Ohm*meter or Siemens/meter 
 

Voltage Drops : 
To measure the voltage drop across a resistor, find the total current and resistance of 
the resistor and apply Ohm's Law. 
 
How to Find Resistance of a Resistor : 
 Higher temps will results in a higher resistance too. 
 

23



Remember ‘Replay’ 
Resistances of Random Materials 
 

Material ρ (Ω•m) at 20 °C 

Resistivity 

σ (S/m) at 20 °C 

Conductivity 

Silver 1.59×10−8 6.30×107 

Copper 1.68×10−8 5.96×107 

Annealed copper 1.72×10−8 5.80×107 

Gold 2.44×10−8 4.10×107 

Aluminum 2.82×10−8 3.5×107 

Calcium 3.36×10−8 2.98×107 

Tungsten 5.60×10−8 1.79×107 

Zinc 5.90×10−8 1.69×107 

Nickel 6.99×10−8 1.43×107 

Lithium 9.28×10−8 1.08×107 

Iron 1.0×10−7 1.00×107 

Platinum 1.06×10−7 9.43×106 

Tin 1.09×10−7 9.17×106 

Carbon steel (1010) 1.43×10−7 
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Lead 2.2×10−7 4.55×106 

Titanium 4.20×10−7 2.38×106 

Grain oriented electrical 

steel 

4.60×10−7 2.17×106 

Manganin 4.82×10−7 2.07×106 

Constantan 4.9×10−7 2.04×106 

Stainless steel 6.9×10−7 1.45×106 

Mercury 9.8×10−7 1.02×106 

Nichrome 1.10×10−6 9.09×105 

GaAs 5×10−7 to 10×10−3 5×10−8 to 103 

Carbon (amorphous) 5×10−4 to 8×10−4 1.25 to 2×103 

Carbon (graphite) 2.5×10−6 to 5.0×10−6 //basal 

plane 

3.0×10−3 ⊥basal plane 

2 to 3×105 //basal 

plane 

3.3×102 ⊥basal 

plane 

Carbon (diamond) 1×1012 ~10−13 

Germanium 4.6×10−1 2.17 

Sea water 2×10−1 4.8 

Drinking water 2×101 to 2×103 5×10−4 to 5×10−2 
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Silicon 6.40×102 1.56×10−3 

Wood (damp) 1×103 to 4 10−4 to 10-3 

Deionized water 1.8×105 5.5×10−6 

Glass 10×1010 to 10×1014 10−11 to 10−15 

Hard rubber 1×1013 10−14 

Wood (oven dry) 1×1014 to 16 10−16 to 10-14 

Sulfur 1×1015 10−16 

Air 1.3×1016 to 3.3×1016 3×10−15 to 8×10−15 

Paraffin wax 1×1017 10−18 

Fused quartz 7.5×1017 1.3×10−18 

PET 10×1020 10−21 

Teflon 10×1022 to 10×1024 10−25 to 10−23 
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Electromagnets 
Magnetism - the force exerted by magnets 
What causes magnetism: There are 2 main ways that magnetism can arise: 
 
Moving Charges /  Electron magnetic moments and electric current: 
-Electric current: The movement of electric charges  creates a magnetic field 
surrounding the moving current because of the following  

1. Electron’s property of spin (which are electron magnetic dipole moments) 
2.  And, The electron’s motion around the proton that’s known as the 

electromagnetic field. 
-Electron magnetic dipole moment: This is occurs when an electron has a magnetic 
moment (or creates magnetism) because of its intrinsic property of spin. 

Yet, this normally cancels out with other electrons, but sometimes-either 
spontaneously, or owing to an applied external magnetic field, each of the electron’s 
magnetic moments can be added together and produce a net total magnetic field. 
Nuclear magnetic moment (of atomic nuclei): 
Because of how these moments are thousands of times smaller than electron’s 
magnetic moments, they are negligible in magnetization of materials. 
 
 

Facts about magnets: 
 

1. Magnets always have 2 poles and are considered to be dipoles. 
2. They will always magnetic fields. 
3. Always comes in form of dipoles. 
4. Theoretically a magnetic monopole is possible, but has never physically worked. 
5. If a dipole magnet were cut in half it would have 2 dipole magnets. 
6. Electrostatic forces and magnetic forces are the same thing. Yet, they are 

typically treated as 2 different things. 
7. Poles will always find the shortest path. 
8. Magnetic poles always flow from North to South 

 
 
Similarities between magnetic fields and electric fields: 

● Electric fields are produced by two kinds of charges, positive and negative. 
Magnetic fields are associated with two magnetic poles, north and south, 
although they are also produced by charges (but moving charges).  
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● Like poles or charges repel; unlike poles or charges attract  
 

● Electric field points in the direction of the force experienced by a positive charge. 
 
Differences between magnetic fields and electric fields: 

● Positive and negative charges can exist separately. North and south poles 
always come together. Single magnetic poles, known as magnetic monopoles, 
have been proposed theoretically, but a magnetic monopole has never been 
observed.  
 

● Electric field lines have definite starting and ending points. Magnetic field lines 
are continuous loops. Outside a magnet the field is directed from the north pole 
to the south pole. Inside a magnet the field runs from south to north.  

 

 Electric Field Magnetic Field 

Nature Created around an electric 
charge (voltage) 

Created around moving electric 
charge and magnets (current) 

Units Newtons per Coulomb (N/C), 
Volts per meter (V/m) 

Gauss, Tesla 

Force Proportional to electric charge Proportional to speed and charge 
of electric charge 

Movement in 
EM Field 

Perpendicular to the magnetic 
field 

Perpendicular to the electric field 

Pole 1 or 2 Poles 2 Poles 
 
 
 
If you break a permanent magnet into 2, you will have 2 magnets. 
 
 

Geomagnetism/ Earth’s magnetic field: 
The Earth is surrounded by an immensely large magnetic field called the 
magnetosphere. 

Geomagnetism Definitions: 
Solar Winds: A stream of charged particles from the sun. 
Van Allen Belts: Magnetic region above Earth; in the atmosphere. 
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Magnetic Declination: Angle between geographic north/south and magnetic 
north/south. 
Compasses- A device that shows where one is based off how the magnetic needle 
points north. 
 
 

 
Different Magnets :  

 
Ferromagnets - magnetize readily 
Paramagnets - slightly magnetic 
Diamagnets - do not magnetize readily 
Ferromagnetism definition: A Mechanism by which certain materials form magnetic 
domains. 
Paramagnets : Magnets that are attracted to externally applied magnetic field. 
Not permanent magnets. 
Repelled by magnetic fields 
Diamagnets : Magnetic materials that are repelled to an externally applied magnetic  
 Field. 
Not permanent magnets. 
Repelled by magnetic fields 
Diamagnetism :  When an applied magnetic field creates an induced magnetic field 
within the Diamagnetic materials in the opposite direction, causing a repulsive force. 
Paramagnetism : When an applied magnetic field creates an induced magnetic field 
within the paramagnetic and ferromagnetic materials in the same direction causing them 
to be attracted by the magnetic field. 
Magnetic flux density- The amount of how compact the magnetic field is. 
Units- Tesla's or Gauss (not gausses). 
 
 
The Earth’s ‘north’ pole is actually a south pole! This is why the north side of the 
compass needle points north. 
 

Electromagnets: 
Are temporary magnets, operated by electric current, and can change their magnetic 
field strength/ magnetic flux density (they both show increases in magnetic field 
intensity). 
Due to how current has the property of magnetism; when current is passed through a 
solenoid it is able to induce a polarized magnetic field. 
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These are used for generators and motors because of how they can induce polarized 
magnetic fields (and thus a force as according to Fleming’s right hand rule) and EMF.  

How to make an electromagnet stronger: 
1. Increase amount of coils in solenoid. 
2. Greater diameter of ferromagnetic core (typically iron) 
3. The increase voltage 

traveling through circuit/ 
electromagnet 

 
 
 
 
 

Solenoid : 
A  cylindrical coil of wire acting 
as a magnet when carrying electric current. 
 
 
 

Fleming's Left and Right Hand Rule 

 
 

Fleming’s Right Hand Rule:  Fleming’s Right hand rule is a hand sign that is used for 
figuring out which direction the current is flowing towards within an electric generator.  

Note: Fleming’s Right Hand Rule can only be used when you are using electric 
generators. 

 

Fleming’s Left Hand Rule:  Fleming’s Left Hand Rule is a hand sign that is used for 
figuring out which direction the current is flowing towards within an electric motor. 

Note:  Fleming’s Left hand Rule can only be used when you are using electric motors. 
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Right Hand Rule of Magnetism 

V = direction of current 

B = direction of magnetic field 

F = direction of magnetic force 

 

Use left hand if for electron travel (opposite of conventional current) 

TLDR; magnetic monopoles can’t exist. 

Magnetic Monopoles - magnets that only have 1 pole 
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Gauss’s Law of Magnetism 

In physics, Gauss's law for magnetism is one of the four Maxwell's equations that 
underlie classical electrodynamics. It states that the magnetic field B has divergence 
equal to zero, in other words, that it is a solenoidal vector field. It is equivalent to the 
statement that magnetic monopoles do not exist. Rather than "magnetic charges", the 
basic entity for magnetism is the magnetic dipole. (If monopoles were ever found, the 
law would have to be modified, as elaborated below.) 
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Electric Control Devices 
 
Switches: 

Pole: The number of outputs a switch has 
Throw: The number of separate 2-position switches there are 

SPST: Single pole, single throw 
 

SPDT: single throw, double pole 

DPDT: double pole, double throw 
 

DPDT: Double pole, double throw 
 
Normally, switches don’t have any more than 2 poles or 2 throws, except for rotary 
switches, which are SP#T (single pole, x throw) 
 
 
In a double throw switch, sometimes there is a middle position that doesn’t connect to 
either output, called a center open. 3 positions, 2 throws. Switches in our school are like 
this. 
 
 

Rectifier 
An electrical device that converts AC into DC by allowing a current to flow through it in 
one direction only. 
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Full wave: Graph will be absolute value of the normal AC sine graph.

 
Half wave: Graph will get rid of negative parts completely.

 
 

Inverter 
These do the exact opposite, taking DC to AC. 
 
 

3-Way Switch 
Toggling the switch disconnects one 
"traveler" terminal and connects the other. 
Electrically, a typical " 3-way" switch is a 
single pole, double throw (SPDT) switch. 
By correctly connecting two of these 
switches  together, toggling either switch 
changes the state of the load from off to 
on, or vice versa. 
A light or lights can be controlled by more 
than one switch. The usual practice in 
home construction is to use 3-way 
switches. "3-way" is the electrician's 
designation for a single pole double throw 
(SPDT) switch. 
The three-way switch is a variation of the 
standard single-pole switch, which controls a light only from one location. A third type is 
the four-way switch, which is used in conjunction with two three-way switches to control 
lighting from more than two locations. 
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Each 3-way switch in these examples is controlling the power source to the same load. 
When wiring a 3-way switch circuit, we will be using a 3-wire cable known as Romex 
coming from the source (such as the breaker box). Then a 4-wire cable going between 
the two 3-way switches and then a 3-wire cable going from the switches to the load. The 
3-wire cable consists of a black wire, a white wire and a bare copper wire, while the 
4-wire cable has an added red wire which is hot as well. 
 
 

 
Multiple ways to denote on and off. 
 
 
 
Creating a Different Voltage Source 
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Parts of a Circuit 
Resistor Color Code Sheet Combined :  
 ( Find the seperated charts of each band below)  

 
 
*When there are 3 bands, we assume the tolerance is 20%. 
 

Resistor Band Colors 

A carbon-composition resistor can have 4 to 6 bands. A 5-band resistor is more 
precise compared to a 4-band type because of the inclusion of a third significant digit. 
A 6-band resistor is like a 5-band resistor but includes a temperature coefficient band 
(the 6th band).  

  4-band 5-band 6-band 

1st band 1st significant digit 1st significant digit 1st significant digit 

2nd band 2nd significant digit 2nd significant digit 2nd significant digit 

3rd band multiplier 3rd significant digit 3rd significant digit 
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4th band tolerance multiplier multiplier 

5th band N/A tolerance tolerance 

6th band N/A N/A temperature coefficient 

Each color represents a number if it's located from the 1st to 2nd band for a 4-band 
type or 1st to 3rd band for a 5-band and 6-band type.  

Color Value 

Black (2nd and 3rd bands only) 0 

Brown 1 

Red 2 

Orange 3 

Yellow 4 

Green 5 

Blue 6 

Violet 7 
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Grey 8 

White 9 

  

Mnemonics were created to easily memorize the sequence of the colors. The most 
popular mnemonic is " Big Boys Race Our Young Girls But Violet Generally Wins" 
where the first letter of each word corresponds to the first letter of the color.  

If the color is found on the 3rd band for a 4-band type or the 4th band for a 5-band 
and 6-band type, then it's a multiplier. 

Color Value 

Black x1 

Brown x10 

Red x100 

Orange x1000 

Yellow x10000 

Green x100000 

Blue x1000000 
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Violet x10000000 

Grey x100000000 

White x1000000000 

Notice that the number of zeroes is equal to the color's number as per the previous 
table. 

The fourth band (or 5th for the 5-band and 6-band) indicates the tolerance values. 
Here, two colors are added (gold and silver). 

Color Value 

Black N/A 

Brown ±1% 

Red ±2% 

Orange ±3% 

Yellow ±4% 

Green ±0.5% 

Blue ±0.25% 
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Violet ±0.10% 

Grey ±0.05% 

White N/A 

Gold ±5% 

Silver ±10% 

The 6th band for a 6-band type resistor is the temperature coefficient. This indicates 
how much the actual resistance value of the resistor changes when the temperature 
changes. 

Color  Value 

Black  N/A 

Brown  100 ppm/ºC 

Red  50 ppm/ºC 

Orange  15 ppm/ºC 

Yellow  25 ppm/ºC 

Green  N/A 
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Blue  10 ppm/ºC 

Violet  5 ppm/ºC 

Grey  N/A 

White  N/A 

 

 
 

Color Code Exceptions 

5 Band Resistor with a 4th Band of Gold or Silver 

Five band resistors with a fourth band of silver or gold form an exception, and are 
utilized on specific or older resistors. The first two bands represent the significant 
digits, the third band is a multiplication factor, the fourth band is for tolerance and the 
fifth band is for the temperature coefficient (ppm/K). 

  

Deviating Colors 

In order to prevent metal and other particles from getting in the coating of high voltage 
resistors, the gold and silver bands are often replaced with a yellow and gray band. 

  
Single Black Band or Zero-Ohm Resistor 

A single black band on a resistor is called a zero-ohm resistor.  Basically, it is a wire 
link used to connect traces on a printed circuit board (PCB) that is packaged in the 
same physical package format as a resistor. This packaging allows the zero-ohm 
resistor to be placed on the circuit board using the same equipment typically used to 
place other resistors. 
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Capacitors 
A capacitor is something that holds charge. Check this video clip out to see what it 
actually can do. In this video, 2 things are happening: 

1. The switch has not been thrown. All of the charge from the battery is going into 
the capacitor, and it is being stored there.  

2. The switch has been thrown. The charge that has been stored in the capacitor 
gets released, instantly making the light bulb brighter. 

 
The key here is that the battery and the light bulb are not directly connected. 
 
In this example, the capacitor was used because the battery did not provide enough 
power for the light bulb to light up, but a capacitor, if full of charge, can quickly release 
all of the charge to momentarily light the bulb. 
 
Capacitors are used in places that only need a quick surge of energy, like cameras, 
flash bulbs, and starting motors. 
 
Steady-state voltage across a capacitor is equal to the voltage of the charging source. 
 
Capacitance is measured in Farads. 
 
Sum of capacitance: 

● When in series, add reciprocals 
● When in parallel, add 

 
What it’s made of: A capacitor is made from 2 parallel metal plates separated by an 
insulator called a dielectric. 
This makes it a passive two-terminal electronic component that stores electrical energy 
in an electric field.  
 

Inductors 
An inductor is very similar to a capacitor, they do the same job. They store charge at 
higher voltages and release charge at lower voltages.  
 
What makes an inductor different from a capacitor is how they do it. A capacitor literally 
stores electrons. Instead, an inductor, which is basically a wire curled several times, 
utilizes the magnetic force created by the current and amplifies it by curling the wire. 
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What it’s made of:  It’s typically made of an iron core and a wire that’s wound around it. 

 
 
 
 
 
 Transformers 
2 different circuits, only 1 with voltage source. Has inductor on each side which inducts 
voltage from one to another. The voltage ratio should equal the ratio of the number of 
windings, and the power stays constant throughout. Using this, we can understand that 
the winding ratio is the  
The number of winds affects the voltage 

 
A transformer is typically used in our everyday life when transferring electrical energy 
great distances through power lines.  
It’s an electrical device used to convert AC power at a certain voltage level to AC power 
at a different voltage, but at the same frequency/ wattage output. 
 

How does it work: 
The construction of a transformer includes a ferromagnetic core around which multiple 
coils, or windings, of wire are wrapped. The input line connects to the 'primary' coil, 
while the output lines connect to 'secondary' coils. The alternating current (or AC) in 
the primary coil induces an alternating magnetic flux that 'flows' around the 
ferromagnetic core, changing direction during each electrical cycle. The alternating flux 
in the core in turn induces an alternating current in each of the secondary coils. 
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 In addition, the two coil windings are not electrically connected but are only linked 
magnetically. 
A single-phase transformer can operate to either increase or decrease the voltage 
applied to the primary winding. When a transformer is used to “increase” the voltage 
on its  secondary winding with respect to the primary, it is called a Step-up 
transformer .  
And vice versa it’s called a step-down transformer. 
 

 
 

How to do transformer calculations: 
Due to how transformers are used to increase or decrease voltage travelling through an 
AC circuit they are not able to increase or decrease the amount of power or energy 
travelling through the AC circuit,  which gives us the following ratio: 
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Relays 
Relays are electromechanical devices that use an electromagnet to operate a pair of 
movable contacts from an open position to a closed position. 
 
 

Wheatstone Bridge 
 A wheatstone bridge is used to measure 
an unknown resistance value to a high 
degree of accuracy. It uses 4 resistors set 
up in a diamond fashion (shown below) 
and a voltmeter. In the schematic below, 
Rx is the unknown resistance, R1 and R3 
are fixed resistance values (generally the 
same, but they don't have to be the same, 
also generally >1% tolerance, but again, 
not always) and R2 is a variable resistor 
(potentiometer, this is not always the 
case, see below). By adjusting R2 until 
the voltmeter reads 0 volts, you know that 
the ratio between the R1/R2 and R3/Rx is 
equal. 
 
The ratio of the resistors is what controls the voltage at the midpoint, so if two sets of 
resistors have the same ratio, then they would have the same voltage. When the 
voltage across the bridge is 0, the sets of resistors (R1/R2 and R3/Rx) have the same 
voltage, and thus the same ratio of resistance values! Since we know the ratio of the 
first leg (R1/R2, remember we set R2 to a known value to balance the bridge) and we 
know R3, it's fairly simple to solve for Rx. 
 
General Equation( when it is not balanced) - VG={[Rx/(R3 + Rx)] - [R2/(R1 + R2) ]} 
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