
Electric Charge

• An electrical property of 
matter that creates a 
force between objects.

• Like charges repel
• Opposite charges attract
• Equal amount of positive 

and negative = no net 
charge



Electric Charge

• Electrons: Negative
• Protons: Positive
• Neutrons: Neutral
• Imbalance of protons and 

neutrons equals a net 
charge.

• - charge: more electrons 
than protons

• + charge: fewer electrons 
than protons

• SI Unit: Coulomb (C)



Electric Charge

Conductors

• A material that 
transfers charge 
easily

• Metals

Insulators

• Materials that don’t 
transfer charge easily.

• Cardboard
• Wood
• Silk

• Glass
• Plastic



Static Charge

• When materials rub 
together, ELECTRONS 
are transferred from 1 
material to another. 
Friction

• Direction depends on the 
material.

• Gains electrons = 
Negative

• Loses electrons = 
Positive



Induction 

• Charges in a neutral 
material can be 
redistributed without 
touching a charged 
object.

• Electrons move within the 
material to opposite 
sides. 

• Will have an induced 
charge.

• Polarization – produces 
an induced charge on the 
surface of the insulator.



Electric Force

• The force of attraction 
or repulsion between 
objects due to charge.

• Depends on the 
charge and distance 
between 2 charged 
objects.



Electric Field

• The region around a 
charged object in which 
other charged objects 
experience an electric 
force.

• Field Lines: 
1. Point in the direction of 

a + charge
2. Don’t cross
3. Show direction and 

strength
4. More lines = greater 

force



Potential Difference

• Electrical Potential Energy – PE of a charged 
object due to its position in an electric field.

• Potential Difference – the change in the 
electrical potential energy per unit charge. 
Occurs as a charge moves from 1 place to 
another in an electric field.

• ALWAYS moves from high  to low.

• SI unit: Volt (V) = 1J/C
• Also known as voltage



Electrochemical Cells

• A device that is a source 
of electric current 
because of a potential 
difference between the 
terminals.

• Converts chemical 
energy to electrical 
energy.

• Electrolyte: Solution that 
conducts electricity

• Electrode: 2 different 
conducting materials



Electrochemical Cells

Dry Cells

• Contains a paste like 
electrolyte

• C cell, AA, AAA 
batteries

• Magnesium dioxide

Wet Cells

• Liquid electrolyte
• Car batteries

• Sulfuric Acid



Current

• The rate that electric 
charges move 
through a conductor.

• SI unit – Ampere  = 
1C/s

• Direct Current: The 
charges move from 1 
terminal to the other 
in the same direction. 

• Example: Battery



Electrical Resistance

• Internal friction. Electrons 
collide with each other 
and walls of material.

• The ratio of the voltage 
across a conductor to the 
current it carries.

• Resistance of a filament 
determines how bright the 
bulb is.

• 40 Watt - Higher
• 100 Watt - Lower



Resistance

• Some electrical devices warm up because 
moving electrons collide with atoms of the 
material. Kinetic Energy is transferred to 
the atoms. 

• Resistance = Voltage/Current
R = V/I

• SI Unit = ohm (Ω) = V/amp 
• Short, thick wire = less resistance
• Long, thin wire = more resistance



Resistance

• Resistor: Used to control 
current

• Conductor: Electrons flow 
freely

• Superconductors: Zero 
resistance when their 
temperature falls below the 
critical temp.

Examples: Niobium, tin, mercury
Used in high speed trains, 

powerful magnets
Semiconductor: properties 

between insulators and 
conductors. Example: Si and 
Ge



Circuits

• An electrical device connected so that it provides 
1 or more complete paths for the movement of 
charges.

• Closed Circuit: A closed loop path for electrons 
to follow.

• Open circuit: Not a complete path, so no charge 
flow which means no current.

• Switch: used to open and close the circuit.
• Voltage source: always part of the conducting 

path



Schematic Diagram

• A graphic representation of an electric circuit or apparatus, with 
standard symbols for the electrical devices.



Circuits

• Series: describes a circuit 
or portion of a circuit that 
provides a single 
conducting path.

• Amount of charges 
entering = amount of 
charges leaving.

• Current is the same 
because only 1 path.

• If 1 element in the path is 
removed then the circuit 
won’t work.

• Parallel: Components in a 
circuit that are connected 
across common points, 
providing 2 or more 
separate conducting 
paths.

• Current is not the same
• Sum of all currents in all 

devices = total current
• Break in any 1 path 

doesn’t interrupt the flow 
of electric charge in the 
other paths.



Electric Power

• Electrical Energy: the 
energy associated with 
electrical charges.

• Electric Power: the rate at 
which electrical work is 
done.

• Power = Current x 
Voltage

P = IV
• SI Unit = Watts = 



Electrical Safety

• Grounding: Conducting 
wire is run between the 
charged object and the 
ground.

• Overloaded circuits: Too 
much plugged in causes 
wires to carry more than 
a safe level of current. 
Causes fires.

• Short Circuit: insulation 
wears down and 2 wires 
may touch, creating an 
alternative pathway for 
current.



Electrical Safety

• Fuses: An electrical 
device containing a metal 
strip that melts when 
current in the circuit 
becomes too great.

• Circuit breakers: a device 
that protects a circuit from 
overloads.

• Uses a bimetallic strip 
that acts like a switch. 

• Can be reset.



Magnetism

• Lodestones: First naturally occurring magnets. Contain 
magnetite.

• Permanent magnets – magnetic all the time.
• Make a magnet: 1. Stroke Fe with a  permanent magnet.

2. Place Fe near a strong magnet.
• Soft: Fe

easily magnetized
loses magnetism easily

• Hard: Co, Ni
Difficult to magnetize
Doesn’t lose it easily



Magnetic Force

• Ability disappears 
when no longer 
touching magnet.

• The further away from 
the magnet the 
smaller the force.

• Eventually gravity 
overtakes and object 
falls.



Magnetic Poles

• An area of a magnet 
where the magnetic force 
appears to be the 
strongest.

• Like poles repel.
• Opposite poles attract
• Have a North and South 

pole.
• Impossible to isolate 

poles. If magnet is cut it 
will still have 2 poles.



Magnetic Fields

• A region where a 
magnetic force can be 
detected.

• Produced by all magnets
• Strength depends on 

material.
• Field lines are used to 

represent magnetic field.
• Weaker with distance 

from magnet.
• Lines close = strong field
• Far apart = Weaker



Magnetic Force

• Compasses analyze a 
magnetic field’s direction.

• A magnet suspended on 
top of a pivot so it can 
rotate.

• Aligns with Earth’s 
magnetic field.

• Difference between 
magnetic poles and 
geographic poles.



Magnetism from Electric Currents

• Electric currents 
produce magnetism.

• Right hand rule: 
shows direction of 
magnetic field 
produced by currents.

• Resembles a bar 
magnet.



Electromagnets

• Wrapping wire in a coil 
creates a strong magnetic 
field – Solenoid

• Has a north and south 
pole.

• Strength depends on the 
# of loops AND amount of 
current.

• Increased by inserting an 
Fe rod through the center 
of the coils -
Electromagnet



Magnetism

• Electron spin: produces a 
tiny magnetic field around 
every electron.

• Can cancel each other 
out = Nonmagnetic

• Each atom has its own 
magnetic field

• Domain: a microscopic 
region composed of a 
group of atoms whose 
magnetic fields are 
aligned in a common 
direction.



Electric Motors

• Device that converts 
electrical energy to 
mechanical energy.

• Commutator: makes the 
current change direction. 
Reverses the flow of 
current.

• Brushes: Connect wires 
to the commutator.

• Armature: arrangement of 
wires with Fe core.



Electric Currents from Magnetism

• Electromagnetic Induction: the 
production of a current in a 
circuit by changing in the 
strength, position, or 
orientation of an external 
magnetic field.

• Faraday’s Law: An electric 
current can be produced in a 
circuit by a changing magnetic 
field.

• As the loop moves in and out 
of the magnetic field of the 
magnet a current is induced in 
the circuit.



Generators

• Use electromagnetic 
induction to convert 
mechanical energy to 
electrical energy.

• Creates an alternating 
current (AC): current 
changes direction at 
regular intervals.



Uses of Generators
• Large power plants use 

generators to convert ME to 
Electrical energy.

1. Dams: moving water -
turbines

2. Coal: burn coal to heat water 
- steam – turbines

3. Fission: splitting of atoms –
heat water – steam –
turbines

4. Wind
5. Geothermal
6. Solar
• ALL HARNESS ENERGY 

TO TURN TURBINES TO 
GET ELECTRICAL 
ENERGY



Transformers

• Device that can change 1 
AC voltage to a different 
AC voltage.

• Step up: the voltage 
across the 2nd coil is 
greater than the voltage 
across the primary coil. 
Near power plants

• Step down: 2nd coil has 
fewer loops than primary 
coil, the voltage is 
lowered. Near homes


