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Some Definitions

• A single electron has too small a charge for 

practical purposes.

• The coulomb is defined as the charge of 

6.28 x 1018 electrons.

• The coulomb is used in the definition of the 

ampere…
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The charges in static electricity from rubbing materials together are typically a few 

microcoulombs. The amount of charge that travels through a lightning bolt is typically 

around 15 C, although large bolts can be up to 350 C

4



5



6



7



8

Voltage

• Valence electrons held in place by 

electrostatic force.

• For current to flow, work must be done to 

make electrons move.

• The work done to put an electric charge on 

a body by adding electrons is measured in 

Volts.

• Also known as Electromotive Force (EMF) 

and Potential Difference.
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Voltage, electrical potential difference, electric tension or electric pressure

(denoted ∆V and measured in units of electric potential: volts, or joules per coulomb) 

is the electric potential difference between two points, or the difference in electric 

potential energy of a unit charge transported between two points.[1] Voltage is equal to 

the work done per unit charge against a static electric field to move the charge 

between two points. A voltage may represent either a source of energy (electromotive 

force), or lost, used, or stored energy (potential drop). A voltmeter can be used to 

measure the voltage (or potential difference) between two points in a system; usually a 

common reference potential such as the ground of the system is used as one of the 

points. Voltage can be caused by static electric fields, by electric current through a 

magnetic field, by time-varying magnetic fields, or some combination of these 

three.[2][3]
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Magnets

• Magnetism is one of 4 basic forces of nature.

• A force of attraction or repulsion that acts at a 

distance.

• Magnets have a North and South pole.
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Magnetic Fields

What is a magnetic field? The space surrounding a magnet, in which magnetic force is 

exerted, is called a magnetic field. If a bar magnet is placed in such a field, it will 

experience magnetic forces. However, the field will continue to exist even if the 

magnet is removed. The direction of magnetic field at a point is the direction of the 

resultant force acting on a hypothetical North Pole placed at that point. 
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Magnetic Fields
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As shown above, the magnetic field is strongest near to the poles of the magnet were the lines of flux are more closely spaced. 
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However, magnetic flux does not actually flow from the north to the south pole or flow 

anywhere for that matter as magnetic flux is a static region around a magnet in which the 

magnetic force exists. In other words magnetic flux does not flow or move it is just there and 

is not influenced by gravity. Some important facts emerge when plotting lines of force:

1. - Lines of force NEVER cross.

2. - Lines of force are CONTINUOUS.

3. - Lines of force always form individual CLOSED LOOPS around the magnet.

4. - Lines of force have a definite DIRECTION from North to South.

5. - Lines of force that are close together indicate a STRONG magnetic field.

6. - Lines of force that are farther apart indicate a WEAK magnetic field.
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Magnetic Poles
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Magnetic forces attract and repel like electric forces and when two lines of force are 

brought close together the interaction between the two magnetic fields causes one of 

two things to occur:

1. - When adjacent poles are the same, (north-north or south-south) they REPEL each 

other.

2. - When adjacent poles are not the same, (north-south or south-north) they 

ATTRACT each other.

It can be remembered by the famous expression that "opposites attract" and this 

interaction of magnetic fields is easily demonstrated with iron fillings. The effect upon 

the magnetic fields of the various combinations of poles as like poles repel and unlike 

poles attract can be seen below.
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Voltage and Current

As Voltage is increased, Current also increases.

Voltage in Volts

Current

In Amps

Al Penney

VO1NO

Ohm's law states that the current through a conductor between two points is directly 

proportional to the potential difference across the two points. Introducing the constant 

of proportionality, the resistance,[1] one arrives at the usual mathematical equation that 

describes this relationship:[2]

where I is the current through the conductor in units of amperes, V is the potential 

difference measured across the conductor in units of volts, and R is the resistance of 

the conductor in units of ohms. More specifically, Ohm's law states that the R in this 

relation is constant, independent of the current.[3]

The law was named after the German physicist Georg Ohm, who, in a treatise 

published in 1827, described measurements of applied voltage and current through 

simple electrical circuits containing various lengths of wire. He presented a slightly 

more complex equation than the one above (see History section below) to explain his 

experimental results. The above equation is the modern form of Ohm's law.
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Series Parallel Combinations

1 KΩ

1 KΩ 1.5 KΩ

100 Volts
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Series Parallel Combinations

1 KΩ

1 KΩ 1.5 KΩ

100 Volts

1/R =
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Series Parallel Combinations

1 KΩ

1 KΩ 1.5 KΩ

100 Volts

1/R = 1/R2 + 1/R3
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Series Parallel Combinations

1 KΩ

1 KΩ 1.5 KΩ

100 Volts

1/R = 1/R1 + 1/R2

1/R = 1/1 K + 1/1.5 K
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Series Parallel Combinations

1 KΩ

1 KΩ 1.5 KΩ

100 Volts

1/R = 1/R1 + 1/R2

1/R = 1/1 K + 1/1.5 K

1/R = 3/3 K + 2/3 K

1/R = 5/3 K
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Series Parallel Combinations

1 KΩ

1 KΩ 1.5 KΩ

100 Volts

1/R = 1/R1 + 1/R2

1/R = 1/1 K + 1/1.5 K

1/R = 3/3 K + 2/3 K

1/R = 5/3 K

R = 3000/5 = 600 Ω
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Series Parallel Combinations

1 KΩ

1 KΩ 1.5 KΩ

100 Volts

1/R = 1/R1 + 1/R2

1/R = 1/1 K + 1/1.5 K

1/R = 3/3 K + 2/3 K

1/R = 5/3 K

R = 3000/5 = 600 Ω

RTotal =
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Series Parallel Combinations

1 KΩ

1 KΩ 1.5 KΩ

100 Volts

1/R = 1/R1 + 1/R2

1/R = 1/1 K + 1/1.5 K

1/R = 3/3 K + 2/3 K

1/R = 5/3 K

R = 3000/5 = 600 Ω

RTotal = 1 KΩ + 600 Ω
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Series Parallel Combinations

1 KΩ

1 KΩ 1.5 KΩ

100 Volts

1/R = 1/R1 + 1/R2

1/R = 1/1 K + 1/1.5 K

1/R = 3/3 K + 2/3 K

1/R = 5/3 K

R = 3000/5 = 600 Ω

RTotal = 1 KΩ + 600 Ω

RTotal = 1600 Ω
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Series Parallel Combinations

1 KΩ

1 KΩ 1.5 KΩ

100 Volts

1/R = 1/R1 + 1/R2

1/R = 1/1 K + 1/1.5 K

1/R = 3/3 K + 2/3 K

1/R = 5/3 K

R = 3000/5 = 600 Ω

RTotal = 1 KΩ + 600 Ω

RTotal = 1600 Ω

RTotal = 1.6 KΩ
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Water Reservoir Analogy
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A capacitor stores electricity. If you pump electrical current into it, the 

capacitor develops a voltage that exerts a force that resists additional current. 

In this experiment, you will use a hand crank that pumps current into very 

large capacitors. These capacitors are constructed such that for each Coulomb 

of charge you pump in it will push back with one volt. These capacitors are a 

lot like rechargable batteries. The big difference between batteries and 

capacitors is that a battery supplies a nearly constant voltage, whereas a 

capacitor works at all voltages up to its maximum safe rating. As you charge 

the capacitors with the hand cranked generator you can actually feel the 

capacitor "filling up." 

A capacitor is like a closed water tank with two inlets separated by a rubber 

membrane. The more water (charge) you pump in one inlet (wire), the more 

back pressure (voltage) will build up. The pressure (voltage) opposes the 

addition of more water (charge). So, the more water (charge) you add the 

harder it gets to add more. Also note that whatever water (charge) flows in one 

inlet (wire), the same amount of water (charge) comes out the other. But 

because of the membrane, no steady water flow (current) can be maintained 

through the tank (capacitor). A large tank (capacitor) can absorb a lot of water 

(charge) before generating a large back pressure (voltage). We could measure 

the capacity of a tank (capacitor) as the ratio of water volume to pressure 



(charge to voltage, which is the definition of a farad). 
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