LESSON FIVE: ELECTRICITY

BASIC PHYSICS:

Q1:
What are the three basic factors in electricity?

A1: 
Potential, current, resistance.

Q2:
How can water be used as an analogy?

A2: 
Voltage V (volts) is the potential (Height, pressure or pressure difference in feet or psi)


Current I (amperes) is the current (Flow in gallons per minute)


Resistance R (ohms or Ω) is the resistance (Resistance to flow in inches per 100ft)

Q3:
What is Ohm’s Law?

A3:
The formula which relates these factors.  I = V/R.  The greater the voltage, the greater the current.  The greater the resistance, the smaller the current.

Q4:
What are series resistances and parallel resistances?

A4:
When there are several resistances in the flow path or when there are parallel paths with different resistances and flow rates. 

Q5:
What is the formula for calculating series resistances?

A5:
Rtot + R1 + R2 + R3 + … + Rn

Q6:
What is the formula for calculating parallel resistances?

A6:
1 / Rtot = 1/R1 + 1/R2 + 1/R3 + … + 1/Rn
TRANSMISSION AND USAGE:

Direct Current

Q1:
What is direct current (DC)? 

A1: 
 

Q2:
What is the equation for power in a DC circuit? 

A2:
P = V x I 

Alternating Current

Q1:
What is alternating current (AC)?

A1:  

Q2:
What is the power factor?

A2: 

Q3:
How is the power factor expressed? 

A3:

Q4:
What is a three-phase circuit? 

A4:

Q5:
What are kilowatts and megawatts? 

A5:
Kilowatts are 1,000 watts; megawatts are 1,000,000 watts.
ELECTRICAL EQUIPMENT

Q1:
What is a motor?

A1:  
A motor is a machine which converts electrical energy into mechanical energy.

Q2:
What is a generator?

A2:  
A generator is a machine which converts mechanical energy into electrical energy.

Q3:
What is the basic principle behind generating electricity?

A3:  

Q4:
What is the basic principle behind electric motors and electric solenoids?

A4:  

Q5:
What is a solenoid?

A5:  
It is a wire wound spirally around an iron core to produce a magnetic field which is used as an electromagnetic switch.

Generation of Power

Q1:
What is a single-phase alternator?

A1:  
It is the most basic form of power generation.

Q2:
What is the typical AC power frequency in the US?

A2:

Q3:
What is it in Europe?

A53:

Q4:
What is the common household voltage in the US?  In Europe?

A4:
In the US it is 110 volts; in Europe it is 220 volts.
Q5:
How is three-phase power generated?  

A5:  

Q6:
What happens if only one of the circuits is connected?   

A6:  

Transformers:

Q1:
What is a transformer?

A1:  
It is a device which changes the voltage of an AC circuit to a higher or lower value.

Q2:
What does a transformer consist of?

A2:  


Q3:
What are transformers used for?  

A3:  


Q4:
What are step up transformers and step down transformers?

A4:  


Q5:
How do transformers work?

A5:  


Q6:
What is the thermal rating of the transformer?

A6:  
It is the product of the Voltage and the Amperage VA.

Q7:
Why should transformers be ventilated and isolated?

A7:  
 

Transformer Connections:

Q1:
What are the primary and secondary winding?

A1:  
The primary winding is used for input in a transformer, while the secondary winding is used for output.

Q2:
What is a two-wire secondary?

A2:  


Q3:
What is a three-wire secondary?

A3:  


Q4:
What are the two types of connections called?

A4:  
Wye and delta.
Q5:
Why is the wye sometimes referred to as a ‘star’?

A5:  
Because the neutral contact (at the crotch of the wye) forms the center of a three-pointed star.

Q6:
What voltage system are residences limited to?

A6:  
120/240 volt single-phase systems.
Q7:
What do larger loads (such as air conditioners, refrigerators and electric ranges) use?

A7:  
Larger loads use the line-to-line voltage of 240 volts.

Q7:
What do receptacles and light switches use?

A7:  
Receptacles and light switches use the line-to-neutral voltage of 120 volts.
Electric Heaters:

Q1:
How do electric heaters work?

A1:  
A length of stainless steel wire formed onto a coil and supported on insulated prongs acts as a resistance to the current, which generates heat.

Q2:
Why are electric heaters 100% efficient?

A2:  
Every bit of electrical energy is converted to heat.

Q3:
Why is it inefficient to use electricity to heat a space?

A3:  
Much of the electricity in the US is generated by using heat to generate steam, which generates electricity at about 30% efficiency.
Q4:
Why is it efficient though to use electric heat as a radiant heat source?

A4:  
Radiant heat only heats people, not air.
Electric Lighting:

Q1:
What is a four-way switch?

A1:  
When more than two switches are necessary, two of the switches must be three-way switches and the remaining additional switches must be four-way switches

Motors:

Q1:
What types of motors are in general use?

A1:  
DC motors, single-phase AC motors, three-phase induction motors and universal motors.

Q2:
What is the DC motor used for?

A2:  
Small scale applications and elevators, where continuous and smooth acceleration to a high speed is important.

Q3:
What is the universal motor?

A3:  
It runs on either DC or AC current but varies in speed based on the load.  These motors are often found in mixers, hand drills and similar appliances.

Q4:
How can motors be protected from overheating?

A4:  
By thermal relays.  The power gets shut off when any part of the motor or housing overheats.

Capacitors:

Q1:
What are capacitors used for?

A1:  
They are used to improve the power factor in a circuit.  This improves efficiency and performance.

Q2:
How does a capacitor work?

A2:  
The simplest capacitor is a set of two plates separated by a small insulating layer.  Current is “stored” on one plate and later the entire stored amount is discharged.

Receptacles:

Q1:
How should outlets be installed in residential construction?

A1:  
12 ft apart; all outlets should be three-prong, where the third prong is grounded; outlets should not all be on the same circuit.
Panelboards:

Q1:
What is a panelboard?

A1:  
It is a set of fuses or circuit breakers which control the circuit loading in a building from a central point.

Q2:
How are breakers sized?

A2:  
Each breaker serves a single circuit, and the overload protection is based on the size and current-carrying capacity of the wiring in that circuit.
Wiring:

Q1:
What is the smallest size of electrical wiring that should be used for building wiring?

A1:  
14 gauge.

Q2:
Why has aluminum wiring for small gages (#4 or less) been discontinued?

A2:  
For safety and performance reasons.

Q3:
What is the standard for branch circuits?

A3:  
Copper wire.

Q4:
How are circuits oversized?

A4:  
By about 20% of the capacity which feeds them. 
Conduit:

Q1:
Why is conduit used?

A1:  
To physically protect wires

Q2:
How is conduit sized?

A2:  
It is designated by its interior diameter.  The number of wires which can fit into a conduit is specified by code.

Q3:
What are the characteristics of rigid conduit?

A3:  
It is the safest conduit and has the same wall thickness as Schedule 40 plumbing pipe.  All connections are rigid and threaded.  It must be galvanized for exterior applications.

Q4:
What is intermediate metallic conduit (IMC)?

A4:  
It is a steel conduit with thinner walls than plumbing pipe, less expensive and as acceptable as rigid conduit.

Q5:
What is electrical metallic tubing (EMT) or thin wall?

A5:  
It is the thinnest of the simple metal conduits.  It is galvanized, and connections are made with a special clamping system.

Q6:
What is flexible metal conduit (or “flex” or Greenfield)?

A6:  
It is available with and without a flexible waterproof jacket.  It can be used everywhere except underground.

Q7:
What is interlocked armored cable or BX cable?

A7:  
It is factory assembled and no wires can be added.  It cannot be used underground or embedded in concrete.

Q8:
What is Romex?

A8:  
It is an alternative to conduit for residential construction and consists of two insulated live wires and one ground wire, all encased in a plastic sheath.  It is designated type NM or NMC cable.  It may not be used in commercial garages or be embedded in concrete.
CALCULATIONS:

Q1:
What is the allowed voltage drop due to the resistance of the wire in a given circuit?

A1:  
It should not be more than 3% in lighting circuits and 5% in circuits supporting motors.
Load Estimation:

Q1:
How can the overall electrical load in a project be estimated?

A1:  
By estimating the wattage per square foot.

SAFETY CONSIDERATIONS:

Short Circuits:

Q1:
When does a short circuit occur?

A1:  
When a current flows between two adjacent conductors.

Shutoff Devices:

Q1:
How do fuses work?

A1:  
They are composed of a soft metal link in a glass plug or fiber cartridge, which are rated at a certain current flow.  When the current exceeds the rate, the metal link gets hot and breaks the circuit.

Q2:
How do circuit breakers work?

A2:  
They disconnect a circuit when the current is excessive.

Q3:
What is a GFI or GFCI?

A3:  
The GFI detects a continual current lost to ground and breaks the circuit.  

Grounding:

Q1:
What is grounding?

A1:  
A ground wire is fastened to an element which provides a directly to the ground, thus dissipating the electric current and averting possible injury.  Many appliances are housed in metal casings which are grounded.

Q2:
What are the characteristics of ground wires?

A2:  
They are covered with green insulation (or may be bare).

SERVICES

Q1:
What is the service drop?  What does it consist of?

A1:  
All the services arriving on the site.  It consists of the wires from he main line, a transformer, a meter and a disconnect switch.

Meters:

Q1:
How is the electric usage in a building measured?

A1:  
In residential buildings the total consumption is measures (in kwh).  In larger buildings the peak demand is measured as well.

Q2:
What is the demand surcharge?

A2:  
It is the charge associated with the peak demand..
Emergency Power Sources:

Q1:
What is emergency power used for?

A1:  
It is used for lighting exit passages and exit signs.

Q2:
How is backup power provided?

A2:  
For lights it is often provided by batteries that are recharged while power is on.  A diesel generator is provided for larger equipment.
BUILDING AUTOMATION

Q1:
What are some examples for building controls?

A1:  
Lighting can be controlled by a time clock or photocell; fire equipment can be automatically activated and controlled.
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