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ELECTRICAL FUNDAMENTALS 
  

WHAT IS ELECTRICITY? 
 
Think of a pipe or a garden hose. When you turn on the water, it moves through the pipe and 
out the faucet or hose end. In a similar way , you can think of electricity as a current of very 
tiny particles (electrons) flowing inside a wire and through a light bulb or an appliance that’s 
been switched on. Residential wiring is fundamentally a matter of transporting this current in 
a safe, efficient manner. 

 
 Electrical Fundamentals 
 
In order for electric current to flow, it must travel from a higher to a lower potential voltage. 
 
In an electrical system: 

 
The hot wires (red or black) are the higher potential than the neutral or grounded wires 
(white or gray). Therefore, current will flow between the hot wire(s) and the neutral or 
grounded wires. 
 

 
The potential difference or voltage between a hot wire and the ground or neutral of a normal 
residential electrical system is 120 volts. 
 
                                                                                      
 
                                                                                      
         
 
                                             
  
 
 
 

When three wires are installed (two hot and one grounded) either 120 or 240 volts are 
available In a three wire system, the voltage between the grounded wire and either of the hot 
wires is 120 volts 
 
Between  the hot wires, the voltage is 240 volts. 
 
The grounded wire is properly called the neutral conductor when associated with two hot 
wires 
 

BASIC TERMS ASSOCIATED with this flowing current are some basic 
terms……. 
 
 

3 – WIRE 240 VOLTS

120 VOLYS

120 VOLTS 

240 VOLTS 

GROUND CONNECTION 
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Volts/Voltage: 
 
Water inside a hose moves because it’s under pressure from the water behind it. Likewise, 
electricity is also under pressure, and the force causing the current to flow. This is measured 
in volts. The voltage is a measure of the force at which electricity is delivered  
 
AMPERES / AMPS: 
 
The amount of current that flows past a given point in one second is measured in amperes 
(amps). Amps are basically a function of wire size; the larger the wire, the higher the potential 
current-carrying capacity.  
 
·     Current is measured in amperes and is the quantity of flow of electricity 
  
 •    It is similar to measuring water in gallons per second 
 
WATTS: 
 
The energy per second consumed by a light bulb or an appliance is expressed in watts. 
Residential electrical usage is usually figured in kilowatt-hours (units of 1,000 watts multiplied 
by the time of usage in hours) 
 
THE RELATIONSHIP BETWEEN VOLTS, AMPS, AND WATTS 
 
Represented in the formula:  VOLTS X AMPS = WATTS 
                       

     V x A = W 
 
If you know two of these values, you can figure the third by multiplying or dividing. 
 
 

EXAMPLE: 
 
 A 20-amp circuit at 120 volts can deliver 2,400 watts: 
 
 A microwave oven that uses 1,000 watts of 120-volts consumes 8.3 amps; 
 
 A 240-volt clothes dryer that pulls 5,600 watts of power requires at least a 23.3-amp 
 circuit 
 
RESISTANCE: 
 
 This is the property of an electric circuit that restricts the flow of current. Electrical resistance 
or impedance is measured in ohms. 

 
Electric current flows in wire. It flows with relative ease (little resistance) in some 
materials (copper vs. Iron).  
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When current flows through a wire, it creates heat. The greater the amount of flow, the 
greater the amount of heat generated.  

 
Doubling the amperes without changing the wire size increases the amount of heat by 
four times 

 
The heat is electric energy that has been converted into heat energy by the resistance of 
the wire 

 
If the amount of heat generated by the flow of current through the wire becomes 
excessive, a fire may result. 

 
In addition to heat generated, there will be a reduction in voltage as a result of 
attempting to force more current through a wire than it is capable of carrying 
 

Relationships among Current, Voltage, Resistance, and Power   
  
The basic equation for an electrical analysis is OHM’S LAW 
 
Says that the voltage (V) equals current (A) times the resistance  ( R) 

 
Three basic equations showing the relationship 
 
V = A x R 
A = V / R 
R = V / A 
V = Volts, A = Amps, R = Ohm’s Resistance 

 
 
Example 1 - For the system below compute the voltage, given A = 8 amps and R = 26 ohms                
·         

  V = R x A                                                    
·        V = 26 ohms X 8 amps 
·         V = 208 volts                                             
  
 
Example 2 - For the system below, compute the current flow, given V = 208 volts and R = 26 
ohms 
                 
·        A = V / R                                             
·        A = 208 volts / 26 ohms 
·        A = 8 amps                                       
  
 
POWER: 
 
The most important relationship is the power provided by the system as it relates to voltage 
and current. Power is measured in volt amp (V/A) 

8 AMPS
26 OHMS VOLTS?

AMPS 26 OHMS 

208 VOLTS 
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·    Power (in volt amps) = Voltage (in volts) X Current (in amps) 
 
    or 
·      P = (V)(A) 
  
Example: Conductors capable of safely carrying 100 amperes would provide 24,000 volt amps 
(watts) of power at 240 volts (240 X 100), but only 12,000 volt amps at 120 volts 
 
CONDUCTORS: 
 
The general term “conductor” applies to anything that permits, or conducts, the flow of 
electricity. Electricity flows in the path of least resistance, and certain materials allow energy to 
flow more freely than others. Copper, for example, is a good conductor; most wires are made 
of copper, although aluminum and copper-clad aluminum wires are also used. 
 

ELECTRICAL SERVICE 
  

THE CONTINUOUS LOOP OF A CIRCUIT 
 
In order to flow, electricity must have a continuous, closed path from start to finish – like a 
circle. The word “circuit” refers to the entire course an electric current travels, from the source 
of power, through an electrical device, and back to the source.  
 
So what may appear to be a hopeless tangle of wires running through the walls, floors, and 
ceilings of your home is actually a well-organized system composed of several circuits. 
 
Each circuit can be traced from its beginning in the entrance panel through various 
receptacles, fixtures, or appliance and back to the panel.  
 
The current flows to the devices (called loads) through a “hot” wire and returns via a “neutral” 
wire –so- called because under normal conditions it’s maintained at zero volts, or what is 
referred to as ground potential. 
 
HOW ELECTRICITY ENERGIZES YOUR HOME 
(Let’s trace the electrical path)  
 
Utility companies distribute power to individual households through overhead wires or 
underground cables. 
 
1.  Electricity travels from the power plant through “step-up” transformers that boost 
 voltage via huge magnetic coils and send it along high-voltage lines to substations, 
 where it then moves  through “step-down” transformers. 
 
2.  From the substation, this reduced power moves along city streets until it nears your 
 home, where yet another step-down transformer converts it to household voltage. 
 
3.  The wires that connect this last transformer to your home (called a  service drop) enter 
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CIRCUIT BRANCH CIRCUITS 
 
Branch circuits feed power to receptacles, switches, fixtures, and appliances in different areas 
of the house. Each one attaches to one or both hot bus bars in the distribution center by 
means of a branch circuit over current protection device (fuse or circuit breaker) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
BRANCH CIRCUITS 
 
A 120-volt circuit consists of one hot conductor and one neutral conductor. The hot 
conductor originates at the breaker or fuse connected to one of the hot bus bars.  
 
A 240-volt circuit requires both hot bus conductors, so it originates at a breaker or fuse 
connected to both hot bus bar. 
 
All neutral conductors for branch circuits originates at a neutral bus bar in the distribution 
center. They are all in direct contact with the earth through the grounding electrode 
conductor at the main service entrance panel. In order that ground potential (zero volts) be 
maintained at all times, a neutral conductor must never be interrupted by an over current 
protection device. 
 
OVERCURRENT PROTECTION 
  
Purpose: To protect wiring, insulation, switches, receptacle, and other devices and equipment 
from load currents above their rating (overload) and from fault or short circuit. Over current 
protection is installed to provide automatic means for interrupting or opening a circuit. 
  
The amperage (current flow) in any wire is limited to the maximum permitted by using an 
over current  device. 
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