Project #6: Building a Shed
Lesson #4: Electrical (20 class periods)
Objectives
Students will be able to…


Understand the progress of using electricity in housing.



Develop and apply basic skills in electrical wiring work.



Find at least three codes in the NEC that govern electrical construction.



Students practice calculating current, resistance, and voltage.



Given the power equation, calculate the power consumed in a circuit or load.



Name and identify electrical symbols while reading electrical plans



Layout and install a circuit from blueprints.



Identify the tools and equipment used by electricians today.



Define terms related to electrical safety.



Identify electrical wiring tools and materials.



Demonstrate safe working procedures in a construction and shop/lab environment.



Work cooperatively as a member of a team.



Identify electrical hazards and how to avoid or minimize them in the workplace.

Common Core Standards
LS 11-12.6
RSIT 11-12.2
RLST 11-12.2
Writing 9-10.5
Geometry 4.0
Residential and Commercial Construction pathway D2.8, D3.1, D11.1, D11.2, D11.3, D11.4,
D11.9, D11.11
Problem Solving and Critical Thinking 5.2, 5.3, 5.4
Health and Safety 6.2, 6.3, 6.7, 6.10
Responsibility and Leadership 7.3, 7.4, 7.5, 7.6, 7.7, 9.2, 9.3, 9.6, 9.7

Materials
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Electrical history terms handout and worksheet
History of Wire and Cable Systems Handout
History of Wire and Cable Systems Worksheet
YouTube Video https://www.youtube.com/watch?v=SdjyNoWQX5k
History of Electrical Switches hand out and worksheet
Electrical Switch Quiz
Replacing Switches Handout
Replacing 3-way Switches Handout
Replacing Light Dimmer Switches Handout
History of Electrical Plugs and Receptacles Handout
History of Electrical Plugs and Receptacles Worksheet
Types of Receptacles YouTube Video https://www.youtube.com/watch?v=PGsAfXhMdaw
Electrical Plugs and Receptacles Quiz
Replacing an Outlet/Receptacle Handout
Replacing a Middle of the Run Receptacle Handout
YouTube video Understanding your Home’s Electrical System: The Main Panel
https://www.youtube.com/watch?v=0B0JK2FZ_tQ
Ohms Law YouTube Video https://www.youtube.com/watch?v=_-jX3dezzMg
Ohms Law Worksheet
Electrical Safety PowerPoint

https://documentcloud.adobe.com/link/track?uri=urn%3Aaaid%3Ascds%3AUS%3Aaab5a6e7-473e44ae-9514-5077228d94fc

Electrical Safety Quiz
Mock-up House Wiring Project Handout
Electrical Unit Final

Lesson Sequence


Review the Electrical History Term s with students and fill in the W orksheet.



Read the History of W ire And Cable System s Handout , have the students
highlight important information. Answer any questions.



Have students fill in the blanks using the vocabulary just learned on the History of



Watch W ire Types and Uses YouTube video
https://www.youtube.com/watch?v=SdjyNoWQX5k



Read the History of Electrical Sw itches Hand Out and fill in the W orksheet .



Pass out the Electrical Sw itch Quiz.



Pass out the R eplacing Sw itches Handout . Review with student and model. Have
students’ practice.

W ire And Cable System s W orksheet.
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Pass out the R eplacing 3-w ay Sw itches Handout . Review with student and model.
Have students’ practice.



Pass out the R eplacing Light Dim m er Sw itch Sw itches Handout . Review with
student and model. Have students’ practice.



Read the History of Electrical P lugs and R eceptacles Handout . Have students
highlight important information. Discuss and answer any questions students may have
along the way.



Have students fill in the Electrical P lugs and R eceptacles W ork sheet.



Watch the Types of R eceptables YouTube Video
https://www.youtube.com/watch?v=PGsAfXhMdaw



Pass out the Electrical P lugs and R eceptacles Quiz.



Pass out the R eplacing an Outlet/ R eceptacle Handout . Review with student and
model. Have students’ practice.



Pass out the R eplacing a M iddle of the R un R eceptacle Handout . Review with
student and model. Have students’ practice.



Watch the YouTube video Understanding your Hom e’s Electrical System : The
M ain P anel https://www.youtube.com/watch?v=0B0JK2FZ_tQ



Watch the Ohm’s Law YouTube Video https://www.youtube.com/watch?v=_jX3dezzMg



Pass out and complete the Ohm ’s Law W orksheet.



Pass out the Using the NEC Code Book W orksheet and have students work together
in completing. Answer any questions as needed.



Review electrical safety. Use the Electrical Safety P ow erP oint
https://documentcloud.adobe.com/link/track?uri=urn%3Aaaid%3Ascds%3AUS%3Aaab
5a6e7-473e-44ae-9514-5077228d94fc



Review the Electrical Safety as a class. Answer any questions students may have. Pass
out the Electrical Safety Quiz.



Pass out M ock-up House W iring P roject Handout. Review with students and
model. Answer any questions and support students through project.



Once project is complete review for the unit final and then pass out the Electrical

Unit Final.
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Assessment
Informal assessment throughout unit through questioning and checking for understanding
Quizzes
Electrical Unit Final

Accommodations/Modifications
One on One Support
Visuals/Model
Peer Support
Extra Time If Needed

© BITA: A program promoted by California Homebuilding Foundation

BUILDING INDUSTRY TECHNOLOGY ACADEMY: YEAR TWO CURRICULUM
Electrical History Terms Handout
Work: measure of energy transfer that occurs when an object is moved over a distance by an external
force at least part of which is applied in the direction of the movement; “transfer of energy from one
form to another.”
Element: a substance or material that cannot be chemically divided into a simpler substance.
Electricity: a form of energy that starts with atoms. Electricity is created when electrons move from
atom to atom.
Six basic methods of producing electricity:
1. Magnetism a spinning turbine causes large magnets to turn within wire coils - these are the
generators. The moving magnets within the coil of wire causes the electrons (charged particles)
to move within the coil of wire. This is electricity.
2. Chemical batteries produce electricity using two different metals in a chemical solution. A
reaction between the metals and the chemical frees more electrons in one metal than in the
other. If a wire is attached to both ends of the battery and a light bulb, the electricity flows
lighting the bulb.
3. Pressure - Squeezing certain crystals (such as quartz) can make electricity flow through them.
Piezoelectricity, also called the piezoelectric effect, is the ability of certain materials to generate
an AC (alternating current) voltage when subjected to mechanical stress or vibration, or to
vibrate when subjected to an AC voltage, or both. The most common piezoelectric material is
quartz. A piezoelectric transducer (a device that converts energy) comprises a "crystal"
sandwiched between two metal plates. When a sound wave strikes one or both plates, the plates
vibrate. The crystal picks up this vibration, which it translates into a weak AC voltage.
4. Heat- When heat is applied to one of the two conductors or semiconductors, heated electrons
flow toward the cooler one. If the pair is connected through an electrical circuit, direct current
(DC) flows through that circuit. The voltages produced by See beck effect are small, usually only
a few microvolts (millionths of a volt) per kelvin of temperature difference at the junction. Used
in microchip technology.
5. Friction- Static, occurs when electrons from one material are transferred to the material it is
rubbed against.
6. Light- Solar cells/photovoltaic devices. Solar power is the use of the sun’s energy either directly
as thermal energy (heat) or using photovoltaic cells in solar panels and transparent photovoltaic
glass to generate electricity. When light energy strikes the solar cell, electrons are knocked
loose from the atoms in the semiconductor material. If electrical conductors are attached to the
positive and negative sides, forming an electrical circuit, the electrons can be captured in the
form of an electric current -- that is, electricity.
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Atom: The basic building block of the universe. It is made up of the electron, neutron and the proton.
• The electron has a negative charge, the neutron has no charge, and the proton has a positive
charge.
• The proton(s) and neutron(s) occupy the nucleus of the atom, while the electron(s) orbit the
nucleus.
• All matter in the universe is made up of a combination of atoms. Matter is any substance that
“has mass and occupies space.” Matter exists in one of three states: gas, liquid, or solid.
Electron: the negatively charged particles of atom. Electrons are very important in the world of
electronics. The very small particles can stream through wires and circuits, creating currents of
electricity. The electrons move from negatively charged parts to positively charged ones. The
negatively charged pieces of any circuit have extra electrons, while the positively charged pieces
want more electrons. The electrons then jump from one area to another. When the electrons
move, the current can flow through the system.

Valence electrons: The electron(s) found on the outer electron orbit (shell) of an atom is called a
valence electron. Generally, atoms with 1 or 2 valence electrons are “unstable”, meaning they can
be made to give up those electrons quite easily. This is important to electrical theory in that
electron flow is electrical current. Such unstable atoms are known as conductors. Platinum, gold,
silver, copper and aluminum are all examples of conductors. Atoms that have 7 or 8 valence
electrons resist the flow of electricity because their “stable” outer shells do not readily give up
their electrons. These materials are therefore known as insulators.

Code: a systematic statement of a body of law; one given statutory force. The NEC is the benchmark
for safe electrical design, installation, and inspection to protect people and property from
electrical hazards. It was created in response to the many fires’ electricity usage brought.
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Electrical History Terms Worksheet
Directions: Fill in the terms using the Electrical History Terms handout.
1. Work is defined by physicists as the _____________________ from one form to another.
2. An element is a substance or material that cannot be ____________________ into a simpler substance.
3. Electricity is the flow of _________________________________.
4. Name 3 of the 6 basic methods of producing electricity and define.
Method

Definition

5. What is the definition of an Atom?
____________________________________________________________________________________________
____________________________________________________________________________________________
6. What are the parts of the atom and what are their characteristics?
____________________________________________________________________________________________
____________________________________________________________________________________________
7. Describe Valence Electrons:
____________________________________________________________________________________________
____________________________________________________________________________________________
8. Why was the National Electrical Code instituted?
____________________________________________________________________________________________
____________________________________________________________________________________________
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Electrical History Terms Worksheet – Answer Key
1. Transfer of energy
2. Chemically divided
3. Atoms
4. See worksheet
5. Basic building block of the universe
6. Electron-negatively charged particle
Proton-positive charged particle
7. Electrons found on the outer electron orbit (shell)
8. To protect people and property from electrical hazards due to the many fires electricity
usage brought
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History of Wire and Cable Systems Handout
Wire and Cable Systems:
In 1892 Thomas Edison was awarded a patent for what he called “electric conductor.” Edison described
the object of his invention as effectively insulating wire so that it will be waterproof and fireproof. His
electric conductor consisted of three parts; a) the conducting wire, b) a cotton braid separator over the
wire, and c) an outer covering of rubber compound. Edison obviously knew that if his electric lamp was
ever going to become a household item, the house itself had to be “wired” to accommodate the use
these lamps, as well as countless other appliances that were soon to be envisioned. Edison also knew
the dangers of electricity and fire, and in his patent, he states, “... also fire-proof, so that if by accident
the wire becomes red-hot the insulating-covering will not be set on fire and burned, ...” Here are some
of the more typical residential wiring systems.
Knob-and-Tube
Knob-and-tube (K&T) wiring was an early-standardized method of electrical wiring in buildings, in
common use in North America from about 1880 to the 1940s. The system is considered obsolete and
can be a safety hazard, although some of the fear associated with it is undeserved.
Bellingham WA Home Inspector (King of the House) Knob and Tube Wiring Systems run time 6:10
https://www.youtube.com/watch?v=d_y4mpevPiE
Facts About Knob-and-Tube Wiring:
• It is not inherently dangerous. The dangers from
this system arise from its age, improper
modifications, and situations where building
insulation envelops the wires.
• It has no ground wire and thus cannot service
any three-pronged appliances.
• While it is considered obsolete, there is no code
that requires its complete removal.
• It is treated differently in different jurisdictions.
In some areas, it must be removed at all
accessible locations, while others merely require that it not be installed in new construction.
• It is not permitted in any new construction.
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How Knob-and-Tube Wiring Works:
The individual conductors were run spaced apart at least 2-1/2 inches (if
exposed), but as the wires passed through walls and floors, they could be
susceptible to dampness and abrasion, which could eventually lead to
leakage currents and arcing fires. For protection in these places, “insulating
tubes” were used. These tubes were made of porcelain, with a flange on
one end and set on an angle to prevent the tube from sliding through the
hole. To support the individual conductors in other places, a wide variety of
insulators, including porcelain knobs and cleats were used. These were
nailed to the wood structure and would have a leather washer under the nail head to prevent the
porcelain from being cracked when it was hammered in place. Where wires enter a wiring device, such
as a lamp or switch, or were pulled into a wall, they are protected by flexible cloth or rubber insulation
called "loom."
Advantages of Knob-and-Tube Wiring:

Problems Associated with K&T Wiring:

• K&T wiring has a higher ampacity than wiring
systems of the same gauge. The reason for this is
that the hot and neutral wires are separated from
one another, usually by 4 to 6 inches, which allows
the wires to readily dissipate heat into free air.
• K&T wires are less likely than Romex cables to be
punctured by nails because K&T wires are held
away from the framing.
• The porcelain components have an almost
unlimited lifespan.
• The original installation of knob-and-tube wiring is
often superior to that of modern Romex wiring.
K&T wiring installation requires more skill to install
than Romex and, for this reason, unskilled people
rarely ever installed it.

• Unsafe modifications are far more common with
K&T wiring than they are with Romex and other
modern wiring systems. Part of the reason for
this is that K&T is so old that more opportunity
has existed for improper modifications.
• The insulation that envelops the wiring is a fire
hazard.
• It tends to stretch and sag over time.
• It lacks a grounding conductor. Grounding
conductors reduce the chance of electrical fire
and damage to sensitive equipment.
• In older systems, wiring is insulated with varnish
and fiber materials that are susceptible to
deterioration.

Building Insulation:
Open wiring systems like knob-and-tube, because they are in open air, can dissipate heat very well,
however, in some cases improper or failed splices and joints can “glow” red-hot (as Edison pointed out)
and go unnoticed for quite some time. During the energy crisis of the 1970’s, it became popular to
blow loose-fill cellulose insulation into the attics and walls of older houses. This became a problem for
older homes with knob-and-tube wire splices with glowing connections or overheated conductors that
could easily ignite this insulation and cause a fire.
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Armored Cable
Armored cable (AC) was first listed in 1899 for
the Sprague Electric Co. of New York, and was
originally called “Greenfield Flexible SteelArmored Conductors,” after one of its inventors,
Harry Greenfield . There were originally two experimental versions of this product, one called “AX” and
the other “BX,” with the “X” standing for “experimental.” The “BX” version became the one that
eventually got produced, and hence the name “BX” stuck, which also became the registered trade
name of armored cable for General Electric, who later acquired Sprague Electric.
Armored Cable, or BX, first appeared in the 1903 NEC, but didn’t start becoming popular until around
1930, and is still a popular wiring method today. AC cable is described in Art. 320 of the NEC. The
armor of AC cable systems is tested for grounding and can provide a suitable equipment grounding
path. AC cable made after 1959 requires an aluminum bonding strip under the armor to help improve
the conductivity of this path. Although originally produced with steel armor, in the late 1980’s
lightweight aluminum armored AC cable first became listed.

Many of the problems associated with the original armored
cable were due to installation problems, especially in cutting the
metal sheath. Today manufacturing improvements have made
armored cable very safe and reliable and goes by the trade
name "AC" cable and is an acceptable alternative to metal
conduit in most jurisdictions. Many people have shortened
armor clad cable to armored cable leading to some confusion.
There is also larger cable called metal clad cable or MC cable.
This is used in larger electrical installations and not applicable to residential electrical systems.
Working with Armor Clad Cable:
Using a hacksaw or electrician’s pliers to cut the metal sheathing has a tendency to damage the
insulation on the wires inside the sheath or to leave very sharp edges on the metal that could easily
create a short between conductors or between the armored jacket and the wires if the installation into
the electrical box was not accomplished correctly. This has been eliminated by the creation of specially
designed tools that cut the sheath without damaging the internal cables.
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Advantages:
AC cable has some benefits and should be considered in areas where there is a relatively high
possibility that damage could occur to non metallic sheathed cables from screws, nails or other sharp
devices.
One area where cable damage is prevalent is in kitchen walls where upper cabinets are screwed into
studs with, in many cases, three and four inch screws. It is much easier to penetrate a plastic covered
cable such as Romex than it is an AC armored cable. Some other locations where AC cable is prevalent
is in attics and inside walls with metal studs. Unfortunately many people think that because the cable is
protected by metal, it can be used in areas where damage may occur.
Where AC cable cannot be used:
1. Where subject to physical damage
2. In damp or wet locations
3. In air voids of masonry block or tile walls where such walls are exposed
4. or subject to excessive moisture or dampness.
5. Where exposed to corrosive fumes or vapors
6. Embedded in plaster finish on brick or other masonry in damp or wet locations
Nonmetallic Cable
Wire Types + Uses run time 5:15
https://www.youtube.com/watch?v=SdjyNoWQX5k
Although nonmetallic-sheathed cable, or NM for short, was first listed
and described in the NEC in 1926, it was actually invented a few years
earlier by General Cable at their Rome Wire Division in Rome, NY, and
marketed under the trade name “Romex®.” Today many installers
still refer generically to NM cable as Romex. Early NM cable had their individual conductors jacket
wrapped in a cotton braid that was impregnated with either a varnish or tar-like substance for moisture
protection.
In the 1950's, a better outer wax treated cloth jacketed wiring began being used with a better quality
PVC rubber surrounding the wiring that is similar to what is in use today. It is easy to recognize and
was generally white or silver in color and appears as a series of tightly woven "V's" which is commonly
referred to as Braided Romex. This wiring, as in all others of this era, is still lacking a ground wire for
safety and usually needs repairs such as GFCI protection added to make using modern 3 prong
appliances with it safe to use. This wiring is generally mistakenly called 'cloth covered wiring' even
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though the wire itself is covered in pvc rubber. In the truest sense of the word it is technically cloth
covered, but the hazard of the older wiring is that the older rubber became brittle, whereas this wiring
has a more advanced pvc rubber covering around it, which has not shown the degredation issues as
with its predecessor(s)
Until the early 1960’s, most NM cable for residential use did not have a grounding conductor. However,
changes in the 1962 Code that mandated equipment grounding for all branch circuits popularized the
use of NM cable with ground. Earlier versions of NM cable with ground permitted the grounding
conductor to be No. 16 AWG for 14 and 12 gauge copper NM, and No. 14 AWG ground for 10 gauge
copper NM. In 1969, new requirements no longer permitted an undersized grounding conductor for 14,
12 and 10 gauge NM cable.
AWG - American Wire Gauge / Diameter / Resistance Used in the United States and other countries as
a standard method of denoting wire diameter. The higher the number the thinner the wire. Thicker
wire is generally capable of carrying larger amount of current over greater distances with less loss.
A few basic facts about Romex wiring:
•

Romex ™ is a common type of residential wiring that
is categorized by the National Electrical Code (NEC) as
underground feeder (UF) or non-metallic sheathed cable (NM
and NMC).

•

NM and NMC conductors are composed of two or more
insulated conductors contained in a non-metallic sheath. The
coating on NMC cable is non-conducting, flame-resistant and
moisture-resistant. Unlike other cables commonly found in
homes, they are permitted in damp environments, such as
basements.

•

Underground feeder conductors appear similar to NM and NMC cables except that UF cables
contain a solid plastic core and cannot be “rolled” between fingers. Each individual wire is
insulated and has a molded plastic wound around the insulated wire for weather and sunlight
protection.

NEC regulations apply to Romex conductors:
•

They must be protected, secured and clamped to device boxes, junction boxes and fixtures.

•

Support devices that may damage the cables, such as bent nails and overdriven staples, are not
permitted.

•

NM and NMC cables should be secured at intervals that do not exceed 4½ feet, and they should
be secured within 12 inches of junction boxes and panels to which they are attached. Cables
that do not comply with this rule can sag and are vulnerable to damage.

•

They are intended as permanent wiring in homes and should not be used as a substitute for
appliance wiring or extension cords.
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Romex is used for most lighting and outlet circuits in your home. Romex will be labeled with "12-2" or
"12-3". The first number indicates the gauge of the wire. You choices are typically 10, 12, or 14
gauge. The second number indicates the number of conductors. A 12-2 Romex will have a black(hot)
and a white(neutral) wire as well as an unsheathed copper wire for ground. A 12-3 Romex will have a
black(hot), red(hot), white(neutral), and bare copper. The red on a 12-3 is used for three-way light
switches which are covered later.
•
•
•

12 gauge Romex is rated for 20 Amps and is commonly yellow jacketed.
14 gauge Romex is still used in some applications and is rated for 15 Amps and is grey
jacketed.
10 gauge Romex has an orange jacket and is used for water heaters or clothes driers.

In addition to Romex, wiring a house also requires a few larger gauge wires for high power
appliances. Your air conditioner or electric stove would fall into this category.
Differences Between Wire and Cable
The term wires and cables are used pretty much used synonymously, but they are quite different in
fact. One way to differentiate them is to remember that wires are a component in cables. Also, wires
have a much wider scope of use.
Key difference: A wire is a single conductor while cable is a group of two or more conductors. The
easiest way to distinguish between the two is that the wire is usually visible, whereas a cable is most
usually insulated.
Wire: A wire consists of a single strand or a group of strands of an electrically conductive material
(conductor). This material is normally composed of aluminum or copper. Wires can come bare or
covered in a protective or color-coded sheath. The conductor of a wire is not insulated. Wire is
measured by its diameter and grouped by gauge number. The smaller the number is, the thicker the
wire. For home use the common gauges are 10 and 20. Larger wires carry more current.
Cable: A cable consists of two or more insulated conductors and can be either bare or covered. This
term is also used in reference to a group of insulated conductors that are intertwined or twisted
together. In a cable, the conductor is always insulated.
Wire vs. Cable: Whether it's a single strand or multiple strands grouped together, if there is only one
conductor it is a wire. Likewise, if there are multiple conductors, but they have no insulation around
them, they would be classified as a single conductor, making it a wire.
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Definition

Wire

Cable

Single conductor

Two or more conductors

To bear mechanical loads, to carry
electricity and telecommunications
Uses

signals, heating, jewelry, clothing,

Power transmission, to carry electricity

mesh, automotive or industrial

and telecommunications signals.

manufactured parts, pins, needles,
fishhooks, bulbs.

Types

Solid wire, and stranded wires

Twisted pair cable, coaxial cable, multi
conductor cable and fiber optic cable.

Solid wires are perfect for use in
Advantages

higher frequencies, offer low
resistance. Stranded wire shows

Higher strength, heavy duty, insulated.

higher resistance to metal fatigue.

There are two main types of wires: solid or stranded.
•
•

A solid wire is usually a long length of single conductor.
A stranded wire is many thin strands of wires twisted together. Solid wires offer low resistance
and are perfect for use in higher frequencies, whereas a stranded wire has a longer life, due to
its flexibility and can be used for a longer period than a single conductor. Wires are mainly used
to carry electrical and telecommunications signals, but can also be used in various other forms,
from bearing mechanical loads, to heating, to even in jewelry and clothing.

There are various types of cables, including twisted pair cable, coaxial cable, multi conductor cable
and fiber optic cable.
•
•
•

A twisted pair cable has two cables twisted around each other and is mainly used to carrying
signals.
A multi conductor cable is made up of many conductors insulated from each other and is best
suited for control.
In a coaxial cable, the signal on the two conductors is not same. This is called an unbalanced
line and performance on this cable is more stable than on a twisted pair cable.
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History of Wire and Cable Systems Worksheet
Resistance

Sheath

12 feet

36 inches

Black

Electrical box

3-way switch

Circuit breaker

Milliamps

On

One

Fourteen gauge

Type

Master switches

Quick break

Smoke detector

Omega

Electric current

“E” pages

Voltage

Covering

General outlet

American Wire Gauge

Green

Neutral wire

Non-metallic cable

Solid-core, plastic, vinyl

Receptacle boxes

Voltage, amps,

Finished surface

“stamped”

Silver screws

Watertight

3 inches

Sub-panel

Single gang box

44 inches

12-16 inches

Electrical shock

Manufacturer’s name

Location

Short circuit

Identification

Terminals

Arc fault interrupter

General notes

Ohms

Insufficient

Three-way switch

Electrical current

Safely split

Directions: While reading The History of Wire and Cable Systems fill in the blanks using the words
from the word bank above. Underline your answer choice in the text that you read.
1. A cable is two or more wires that are grouped together and protected by a
____________________ or __________________.
2. When the cable has a designation 14/2 on the sheathing it means there are two__________________ conductors in the cable.
3. A conductor is any material that allows ______________________ to flow through it.
4. UF (underground feeder) cable has wires that are embedded in______________________
________________ sheathing and includes a bare copper grounding wire.
5. Wire sizes are categorized according to the ______________________________ (AWG)
system.
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History of Electrical Switches Handout
An electrical switch is any device used to interrupt the flow of electrons in a circuit. Switches are
essentially binary devices: they are either completely on (“closed”) or completely off (“open”).
The technology in basic switches isn’t all that tricky to understand. A switch can be constructed with
any mechanism bringing two conductors into contact with each other in a controlled manner. This can
be as simple as allowing two copper wires to touch each other by the motion of a lever, or by directly
pushing two metal strips into contact. The conductive parts used to make and break the electrical
connection are called contacts.
The first light switch worked by employing “quick-break” mechanism and was invented by John
Henry Holmes in 1884. The “quick-break” overcame the problem of a switch’s contacts developing
electric arcing whenever the circuit was opened or closed. An arc-fault occurs when loose or corroded
connections make intermittent contact and causes sparking or arcing between the connections. This
translates into heat, which will break down the insulation of the wire and can be the trigger for an
electrical fire.
Holmes’ invention ensured that the contacts would separate or come together very quickly. The action
of this “quick break” mechanism meant that there wasn’t enough time for an arc to form and so the
switch would have a long working life. This “quick break” technology is still in use in almost every
ordinary light switch in the world today.

The toggle mechanism was patented in 1916 by William J. Newton and
Morris Goldberg. The switch does not control the contacts directly, but
through an intermediate arrangement of springs and levers. Turning the
actuator does not initially cause any motion of the contacts, but gradually
stretches the spring. When the mechanism passes over the center point, the
spring energy is released and the spring to the closed position with an audible
“snapping” sound.
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Light Switches Today we would find it inconvenient to walk through a darkened room and reach up
to find a pendant light with a turn key. This remained, however, standard fare until
the 1920s in many homes.

Switches on the wall at an entrance were considered a
luxury. Wiring books of the time considered them “the most
expensive option” for controlling lights. Even the White House
did not initially have the convenience of wall switches when it
was first wired for electric lighting.
Early switches, surface mounted to the wall had a porcelain base
and a key-shaped handle that turned with a twist. Many times
exposed wiring would run down the wall from the lights to the switch. Before
jumping to such an expensive option as the wall switch, period wiring manuals
suggested a pendent switch or a pull switch as a step up from the key switch.

Pull Chord Switch
The Pull Chord switch is a light switch combined with a light socket, it is
sometimes installed in cellar or
utility areas of homes. The switch is
operated by a pull chain or cord. It
is also possible to have the cordoperated switch separate from the
light socket
The pull switch is mounted to the
ceiling and attached to the exposed wiring. It had a long
chain or cord that extended to within reach. A pull would
turn on an entire circuit of lights. This provided a certain
comfort level to the cautious user since all electricity was
far away on the ceiling.
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Eventually pendent switches, ceiling switches, and surface mounted twist
switches gave way to recessed wall switches protected by electrical boxes.
Before the lever switches we now use became popular, push button light
switches were popular.
As of 2004 in the United States, the toggle switch mechanism was almost
entirely supplanted by "quiet switch" mechanisms. "Quiet switch" mechanisms
still possess a form of snap action, but it is very weak as compared to its
predecessor.
Mounting Strap
1.

Which Parts Reside Within a Toggle
Switch?
5.
5.

There are many different types of
switches used in electronics. The type of

4.

switch—single pole single throw, single
pole double throw, etc.—will dictate
which parts one finds inside a toggle
switch, or at least the number of parts.

2.

The basic mechanism however is very
3.

simple and consists of the following.
The interior parts are contained in a
case that may vary significantly between

one design and the next, owing to different applications. However, inside the case, there will be a
moveable contact, which is moved from the on to off position by the actuator (1.). The switch will
have a stationary contact that the moveable contact meets when the circuit is energized (2.). The
switch will have terminals for input and output power (3.). There may be spring mechanism that gives
the switch its distinctive “click” when it’s turned on or off, which makes it what is called a positive
on/off switch (4).
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How Does a Toggle Switch Function?
When the actuator—the toggle itself—is moved, the armature in the switch moves the moveable
contact into position either energizing the circuit or de-energizing it. (5.)
Once the switch is moved from one position to the other, it typically stays that way. There are some
designs, however, with mechanisms in them that cause the switch to move back to its normal
position—typically open or off—if pressure is released from the armature. This is accomplished via a
spring mechanism that exerts force on the armature from the inside (4).
Which Contact Material Is Used for Toggle Switches?
Common conducting materials such as copper, brass and alloys are frequently used for the contacts.
Precious metals including gold and silver are also used in some applications. Nickel, zinc and other
materials are also used in the construction of the contacts.
Knife Switch
The "knife switch" (rarely seen nowadays) is the type that most easily demonstrates the functioning of
a switch. Old sci-fi movies ("Frankenstein (1931)" or "Young Frankenstein (1974)", for example), made
extensive use of these switches in the laboratory scenes.
The knife switch has a metal lever, insulated at the 'free end' that comes into contact with a metal
'slot'. Since the electrical connections are exposed, knife switches are never seen in household wiring.
What is a Knife Switch used for?
A knife switch is a form of switch- all or nothing- On and Off,
and for this reason it is often used as a master switch or maindisconnect. The single pole single throw has one switch
blade, which vaguely resembles a knife, hence the name, when
the handle is down and touching the contacts the switch is
closed and the power is on. Lifting the handle disconnects the
circuit. You will see these used for instructional purposes in shop and science classes.
A Double Pole, Double Throw knife switch- or circuit breaker, is in everyday
use and has defied obsolescence since the days of Edison. The DPDT is used on
master switches and controls two circuits, usually with a center off position. They
were used as aerial switches- to select transmit or receive in early shortwave and
ham sets. They are very much around and have been nicknamed (Mousetraps)
from their shape and outline.
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Single-Pole Light Switches
The simplest and most common light switch is actually referred to by
hardware dealers and electricians as a “single-pole light switch.” With a
single-pole light switch, flipping the lever up completes the circuit,
turning lights or appliances on, and flipping it down breaks the circuit,
turning lights or receptacles off.
A single-pole switch has two brass terminal screws on the side that
receive the

black (hot) and white (neutral) wires of the circuit. (The

number of terminal screws identifies the type of switch.) Modern singlepole switches also have a green grounding screw that connects to the
circuit’s ground wire.
With a single-pole light switch, flipping the lever up completes the circuit, turning lights or appliances
on, and flipping it down breaks the circuit, turning lights or receptacles off. A single-pole switch has
two brass terminal screws on the side.
Three-Way and Four-Way Switches
The type of switch that will operate hallway lights from either end of
the hallway is called a three-way switch; it has an extra terminal.
There are places where you want to be able to control a light—or a
series of lights—from more than one location. Three-way switches
traditionally used at each end of a stairway or hallway, are the
answer. A three-way switch has three terminal screws, may have a green grounding screw, and has no
“on” or “off” markings on the toggle.
Three-way dimmers will work in those same places. A standard three-way dimming control can be
mounted at one end of the hallway or staircase, or a special two-location dimming control is able to
dim from either end of the hall or stair.
Typical 3-way switches with 4-way switch

Four-way on/off switches may be
combined with three-way dimmers or
switches when you want control of lights
from three or more different locations. A
four-way switch has four terminals, may
have a green grounding screw, and has no
markings on the toggle.
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As our needs for energy efficiency have evolved and technology has improved, light switches have
undergone a revival. There has been and are many different types of switches: toggle, rotary,
pushbutton, "rocker", "pull-chain", slide, magnetic, mercury, timer, voice-activated, "touch-sensitive",
and many others, even the Clapper™!
The Future of Light Switches
There has been a phase when the touch sensitive switches have started evolving from the traditional
switches. These switches don’t need to be pressed mechanically. They have a touch screen panel, and
hence, all the adjustments of the whole room can be made through it. The regulators are also touch
sensitive, and one can increase or decrease the brightness of the lamp by the motion of the finger.
Another technology that has been devised for these electrical switches, has been through intelligent
lamps that can be operated with the help of a Smartphone app. Phillips Hue is one such example,
which allows the user to even adjust the color of the lamp with the help of the app that the user can
download on his Smartphone.
Remote Controlled light switches have also been in news for some time now. As is evident, these forms
of switches allow the control of lights and other electrical equipments of the house with the help of a
remote control.
Another innovative technology in the field of light switches is iOn. This is an enhanced version of those
touch sensitive light switches, with an increased range of touch area. This enables the lighting of the
lamp without actually touching the switch. All one has to do is wave his hand in front of the area where
the switch is installed. This technology also enables the change in brightness by simply pointing at the
switch for a small amount of time.
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History of Wire and Cable Systems Worksheet
Resistance

Sheath

12 feet

36 inches

Black

Electrical box

3-way switch

Circuit breaker

Milliamps

On

One

Fourteen gauge

Type

Master switches

Quick break

Smoke detector

Omega

Electric current

“E” pages

Voltage

Covering

General outlet

American Wire Gauge

Green

Neutral wire

Non-metallic cable

Solid-core, plastic, vinyl

Receptacle boxes

Voltage, amps,

Finished surface

“stamped”

Silver screws

Watertight

3 inches

Sub-panel

Single gang box

44 inches

12-16 inches

Electrical shock

Manufacturer’s name

Location

Short circuit

Identification

Terminals

Arc fault interrupter

General notes

Ohms

Insufficient

Three-way switch

Electrical current

Safely split

Directions: While reading The History of Electrical Switches fill in the blanks using the
words from the word bank above. Underline your answer choice in the text that you read.
1. A switch will have _______________________ for input and output of electrical current.

2. When you are installing a one-way switch, the rocker/toggle should be up when the light is
_______________.

3. Double Pole, Double throw knife switch is used on ___________________ and controls two
circuits, usually with a center off position.

4. Modern single pole switch will have 2 brass side screws and a ________________ grounding
screw.

5. The ____________________ mechanism prevented a switch’s contacts developing electric arcing.
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Electrical Switch Quiz
Direction: Name the parts of the switch below and the questions that follow using the History of Switches.
Use complete sentences when answering the questions.

Front

Side

1

1. ___________________________________
2. ___________________________________

2

3. ___________________________________

4. What is the wire that carries the current often called?
A. hot

B. neutral

C. cold

__________________________________________________________________________________________
5. What is the purpose of a three-way light switch?
A. It allows you to dim the light.
B. It allows you to control the light from two switches.
C. It allows one light switch to control three different lights.
__________________________________________________________________________________________
6. Why can't you mark the on and off positions on a three-way switch?
A. both positions can turn the light on and off.
B. The switch is inaccessible.
C. It is important for the electrician to figure it out by himself.
__________________________________________________________________________________________
7. How many switches do you need to construct a three-way switch circuit?
A. 1

B. 2

C. 3

__________________________________________________________________________________________
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Electrical Switch Quiz – Answer Key

1. face
2. Terminal screw
3. Toggle
4. A
5. B
6. A
7. B
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Replacing Switches Handout
Switches that are too loud or malfunctioning in some way need to be replaced. Replacing a switch is
a relatively simple procedure. Switches are standardized so they will fit all boxes and faceplates. It is
critical that switches are replaced with the same type (not same brand). Check amperage ratings
and wire type on the switch that is being replaced and make sure the new switch has U.L. approval.

Materials and Tools Needed:
• screwdriver
• needle nose pliers
• new switch
• sandpaper
• wire stripper

R eplacing Single P ole Sw itches w ith Term inal Screw s
To remove the old switch from the wall:
1. Turn off power to the circuit containing the switch which you are about to replace. This
can be done by flipping the correct breaker or removing the correct fuse. If in doubt,
turn off all the power in the house.
2. After turning off power to the circuit, double-check that power is off by turning the light
switch to the “on” position. If the light comes on, you have turned off the wrong circuit.
You need to locate and turn off the correct breaker or remove the correct fuse and then
re-test for the power being off.
3. Remove the screws holding the cover plate.
4. Remove the cover plate.
5. Remove the mounting screws attaching the switch to the box.
6. Pull the switch away from the box as far as the wires will easily allow.
7. Loosen the two brass-colored terminal screws and the grounding terminal screw and
unhook the wires from the old receptacle.
Note: There are two black wires attached to the terminals; the grounding wire (green or bare
copper) will be attached to the green screw on the new switch.
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To install a new switch:
1. If needed, removed enough insulation from the wires so that they can wrap threequarters of the way around the screw terminals. Clean the bare ends of the wires with
fine sandpaper to remove dirt and corrosion. Bend the wires into little loops with the
pliers so they can be hooked around the screws.
2. Fully loosen (but don’t remove) the screw terminals from the new switch.
3. Hold the switch so that the "OFF” marking on the toggle will be at the top.
4. Connect the wires to the screw terminals. The black wires can be placed under either
screw. Be sure the end of the hook faces in the same direction that the terminal screw
tightens (clockwise). Tighten the screws on the wires securely.
5. If the switch is grounded, connect the grounding wire to the green screw on the new
switch. Be sure the end of the hook faces in the same direction that the terminal screw
tightens (clockwise). Tighten the screws on the wires securely.
6. Recheck your connections. An error in your connection could cause the circuit breaker
to trip or the fuse to blow.
7. With the switch in its off position, align the switch so that “OFF” is pointed toward the
ceiling. Fold the wires as needed to get any excess length of wire back into the box,
then push the switch into the electrical box. ***(NOTE: Make sure any grounding
conductor(s) stay well clear of the hot terminals on the switch.)
8. Replace the mounting screws and secure the switch to the box.
9. Replace the cover plate and screws.
10. Turn on power to the circuit.
11. Test the switch by moving it on and off several times and observing the light.
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Replacing 3-way Switches Handout
To remove the old switch from the wall:
1. Turn off power to the circuit containing the switch which you are about to replace. This can be
done by flipping the correct breaker or removing the correct fuse. If in doubt, turn off all the
power in the house.
2. After turning off power to the circuit, double-check that power is off by turning the light switch
to the “on” position. If the light comes on, you have turned off the wrong circuit. You need to
locate and turn off the correct breaker or remove the correct fuse and then re-test for the
power being off.
3.

Remove the screws holding the cover plate.

4. Remove the cover plate.
5. Remove the mounting screws attaching the switch to the box.
6. Pull the switch away from the box as far as the wires will easily allow. Loosen the two brasscolored terminal screws, the black or copper-colored common terminal screw, and the
grounding terminal screw and unhook the wires from the old receptacle.
Note: there should be four wires connected to the old switch. Two of these wires will be connected to
brass terminal screws while the third will be fastened to a black or copper colored terminal screw, and
the last to the grounding terminal screw. Mark the wire connected to the black or copper-colored screw
with a piece of “tan” masking tape so that you won’t lose track of where it goes. (Other wires may
have colored tape on them.)

To install a new switch:
1. If needed, removed enough insulation from the wires
so that they can wrap three-quarters of the way
around the screw terminals. Clean the bare ends of
the wires with fine sandpaper to remove dirt and
corrosion. Bend the wires into little loops with the
pliers so they can be hooked around the screws.
2. Fully loosen (but don’t remove) the terminal screws
from the new switch.
3. Connect the wires to the screw terminals. Make sure that the wire you marked with the tape
goes back on the terminal with the black or copper-colored screw. The other two wires go to
either of the brass screws and the grounding wire goes to the green screw. Hook wires securely
around the screws. Be sure the end of the hook faces in the same direction that the terminal
screws tighten (clockwise). Tighten the screws on the wires securely.
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Note: “Three-wire plus ground” type NM cable is often used for wiring three-way switches with the
white and red wires in these cables being used in very specific ways. The wires going to the brasscolored screws may not both have black insulation; one could be black and another black but marked
with a red “stripe” or else one could be red and another white but marked with a red “stripe.” It is OK
to reverse either of the two wires going to the brass screw terminals without affecting the switch’s
function.
4. If the switch is grounded, connect the grounding wire to the green screw on the new switch. Be
sure the end of the hook faces in the same direction that the terminal screw tightens
(clockwise). Tighten the screws on the wires securely.
5. Recheck your connections. An error in your connection could cause the circuit breaker to trip or
the fuse to blow.
6. Fold the wires as needed to get any excess length of wire back into the box, then push the
switch into the box. For a three-way switch, there is no need to orient the switch a certain
direction when installing it in the box. If you look at the toggle, you will notice it does not even
have “On” and "Off” markings.
(NOTE: Make sure any grounding conductor(s) stay well clear of the hot terminals on the
switch.)
7. Replace the mounting screws and secure the switch to the box.
8. Replace the cover plate and screws.
9. Turn on the power to the circuit.
10. Test the switch by moving it on and off several times and observing the light. Go to the other
three-way switch that controls the light and test the light from that switch as well.
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Replacing Light Dimmer Switches Handout
Materials and Tools Needed
•
•
•
•
•

screwdriver
needle nose pliers
new dimmer switch
sandpaper
wire stripper

Dimmer switches allow the intensity of the light
to be controlled. This is desirable to save
energy and to create moods.

To remove the old dimmer switch from the wall:
1. Turn off power to the circuit containing the switch that you are about to replace. This can be
done by flipping the correct breaker or removing the correct fuse. If in doubt, turn off all the
power in the house.
2. After turning off power to the circuit, double-check that power is off by turning the light switch to
the “on” position. If the light comes on, you have turned off the wrong circuit. You need to locate
and turn off the correct breaker or remove the correct fuse and then re-test for the power being
off.
3. Remove the screws holding the cover plate.
4. Remove the cover plate.
5. Remove the mounting screws attaching the switch to the box.
6. Pull the switch away from the box as far as the wires will easily allow.
7. Loosen the two brass-colored terminal screws and the grounding terminal screw and unhook the
wires from the old receptacle.
If the dimmer switch does not have screw terminals but has leads instead, remove the wire nuts and
disconnect the wires.
Note: there are two black wires attached to the terminals; the grounding wire (green or bare copper)
should be connected to the green screw on the new switch. Some dimmer switches come with short
black wires extending out from the body of the switch. In this case, the switch is connected into the
circuit using wire nuts.
Note: Some dimmer switches may not use screw terminals but instead have two
To install a new dimmer switch:
1. If needed, removed enough insulation from the wires so that they can wrap three-quarters of
the way around the screw terminals. Clean the bare ends of the wires with fine sandpaper to
remove dirt and corrosion. Bend the wires into little loops with the pliers so they can be hooked
around the screws.
2. If the dimmer switch has screw terminals, loosen (don’t remove) the screws on the new switch.
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3. Hook the wires securely around the screws. Be sure the end of the hook faces in the same
direction that the terminal screws tighten (clockwise). Tighten the screws on the wires securely.
4. Most dimmer switches have two wires corning from them. These wires are connected to the
permanent wires with wire nuts. Either wire coming from the switch can be connected to either
of the permanent wires.
5. Recheck your connections. An error in your connection could cause the circuit breaker to trip or
the fuse to blow.
6. Fold the wires as needed to get any excess length of wire back into the box, and then push the
switch into the box.
7. Replace the mounting screws and secure the switch to the box.
8. Replace the cover plate and screws.
9. Install the control knob.
10. Turn the power on to the circuit.
11. Test the dimmer knob by turning it on and off several times.
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History of Electrical Plugs and Receptacles Handout
Today, we take it for granted that we can connect all sorts of appliances into our outlets, from vacuum
cleaners to cappuccino makers. There were originally no electrical wall outlets in homes, the first outlet
wasn’t really an “outlet” at all.
During the early 1900’s, electricity was only used for lighting. When Thomas Edison created an
affordable commercial light bulb in the late 1800’s, outlets were made to fit the bases of those light
bulbs. When we learned that the power of electricity could be harnessed for other uses, electrical
appliances were created with long cords that ended in light bulb-like bases that could be screwed into
these “light sockets.” The happy owner would unscrew a light bulb and screw in the appliance.
Other odd devices appeared. Various manufacturers made lamp holders with special plug-type sockets
for easy attachment of appliances. Matching plugs were sold to attach to each appliance. Few were
compatible with other brands or with any modern plugs.
In 1903 Henry F. Holland came up with an invention that would let the user have the
light on as well as power an appliance.
‘The object of this invention is the construction of means for enabling a pair of circuit
wires to be connected with such a ‘socket for the lighting of an auxiliary lamp for a fan
motor, or any other purpose without in the least interfering with the use of the socket
for its intended lamp or for the plug of another pair of circuit-wires.’ United States Patent Office Henry
F. Holland, of Boston, Massachusetts. Socket Extension-Tap Patent No.721, 042, datedFebruary17,
1903.
Hubbell then in 1904 improved upon his plug design by making the plug
itself able to separate: one portion of the plug could be left in the
socket, while the other was a two-prong plug that could be separated
from the socket plug.
Hubbell’s detachable electric plug revolutionized the way electrical wires
were connected or disconnected from a power supply. At the time post
terminals would extend out from a wall and any type of electrical device
had to be hardwired to the power source.
This was extremely inconvenient—and dangerous. If, for example, the
device or appliance had to be moved and the wires were not connected
to the correct polarity, a potentially damaging short circuit occurred.
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Other manufacturers adopted the Hubbell pattern, and by 1915 they were widespread. The need for
more and more receptacle outlets in the dwelling can be directly traced to the increased use in cordand plug-connected appliances. Some of the earliest cord-connected products, such as electric irons
and Christmas tree lights, incorporated an Edison-base plug that screwed into a lamp holder, as lamp
holders were more prevalent than receptacle outlets in the early homes Here is a brief history of some
electric home appliances and when they first became listed or available:
1905 – electric iron

1927 – coffee percolator

1905 – Christmas tree lights

1927 – electric saw

1907 – motor-driven
phonograph

1930 – heat lamp

1909 – vacuum cleaner
1911 – electric toaster
1921 – refrigerator
1924 – blender
1925 – electric mixer

1935 – electric fan
1937 – washing machine
1938 – garbage disposer
1939 – television set
1947 – room air conditioner

Sometimes a fault occurs in which a bare live wire has become exposed and touches the metal case of
the appliance. If there is no earth connection for some reason, the appliance will probably still work,
but as soon as you touch the metal you will get a severe shock.
The next advancement came from a man named Philip F. Labre in 1928. The 2prong design was prone to shocking users, so Labre invented the 3-prong plug
with a safety ground. While he was attending the Milwaukee School of
Engineering it is said that his landlady had a cat that would knock over her fan
when it came in the window. When she plugged the fan back in, she would get
an electric shock. Labre deduced that if the fan was earthed, the electricity would go to earth through
the plug rather than through the person holding it. He was issued a US patent for an earthed socket
and plug in 1928.
When a person unknowingly creates a short in a circuit with an electrical plug, his body becomes the
only path from the live wire of the plug to the ground. Labre added the third prong as an alternative
"path of least resistance" to bypass the person. This means that instead of flowing through you, the
electrons flow through the ground prong to the earth. As the need for safer installations became
apparent, earthed three-contact systems were made mandatory in most industrial countries.
Labre's outlet is the model for the modern outlet. Aside from the ground prong, there are two prongs
that connect to the live and neutral wires. The live wire carries current into the appliance, while the
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neutral wire carries current back to the electric panel, completing the circuit. Without the grounding,
Labre's outlet would be called "unpolarized" because the two identical prongs of the plug may be
inserted into the outlet in one of two ways. A "polarized" outlet allows the plug to be oriented in only
one way.
Slowly, changes were made to create what we know today as the traditional wall outlet.
Electrical Receptacles (Outlets)
What Is the Required Outlet Spacing on Walls?
Every 12 feet. The reasoning is that you should never have to extend an electrical cord for a light,
appliance, computer, or other personal need more than 6 feet in either direction.
Spacing outlets more frequently than every 12 feet is your choice, not required by code. If the space
gets heavy use--people charging phones, plugging in laptops, etc.--you may want more outlets than
code requires.
Hallways more than 10 feet long must have at least one receptacle.
At least one outlet on the front outside and one on the back outside of a one family dwelling.
Outlets can be installed at whatever height is comfortable for the intended use. The only NEC
requirement is that you must be within 8 foot of an outlet along any wall. Outlets may no longer be
located directly under a window. A common height for a wall outlet is between 12 to 16 inches to the
bottom of the device.
120-Volt Receptacles
These receptacles, which come in several different colors, are easily identified:
they have two identical outlets, each with three plug-in slots. Each outlet has an
arched slot at the bottom that grounds the appliance; above that are two narrow
slots— the wider one is neutral and the narrower one is hot. Check the amperage
and voltage requirements of the appliance you intend to plug in to the outlet
against the amperage and voltage of the outlet. These are clearly shown on the
front of the outlet itself as well as the manufacture.

120/240-Volt Electrical Receptacles
Providing both 120 and 240 volts, these receptacles have four plug-in slots—
two that are hot, one that is neutral, and one that is grounding.
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240-Volt Receptacles
This type of receptacle is not for use with standard appliances but rather is
reserved for such items as power tools, which often require a dedicated circuit
because of their energy requirements.
Unlike standard three-prong outlets, which have a neutral and a hot slot in
addition to the arch-shaped grounding slot, a 240-volt receptacle has two hot
slots in addition to the grounding slot.
The unique design of the outlet allows you to easily match it up to the plug of the power tool, not only
ensuring that amperage requirements are met but also offering the additional safety feature of
preventing you from accidentally plugging any other appliance into it.
GFCI Receptacles
A special type of receptacle called a GFCI (or GFI), short for groundfault circuit interrupter, is required in kitchens, bathrooms, and other
exposed, damp areas of a home to protect from the serious shock that
can occur where electricity and water meet.
Identified by the reset and test buttons located on its face, a 120-volt
GFCI receptacle takes the place of a standard duplex receptacle and
monitors electric current. It is like a super-sensitive circuit breaker.
Normally, a circuit breaker will flip at about 20 Amperes of current,
stopping its flow. The GFCI detects the current flowing through the
circuit, and if there is slightly less returning than being sent out (on a
scale of milliamperes), it will flip off the power to that circuit. This type of outlet can prevent accidents
like fatal shocks from hair dryers falling in bathtubs to smaller shocks from touching the casing of a
faulty electrified appliance. Some appliances now come with their own GFCI plugs.
So if one or several of the receptacles in the kitchen, bathroom, or outdoor areas ceases to work, look
for the GFCI receptacle that serves that circuit. Just push the reset button to reset the receptacle–this
will turn on any others connected to it. Push the test button periodically to ensure that the device is
working.
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The National Electrical Code (NEC) requires GFCIs to be installed at following spots at home and
outside:
-Underwater Pool Lighting

-Outdoor Receptacles

-Bathroom Receptacles

-Garage Receptacles

-Kitchen Receptacles

-Crawl Spaces

-Unfinished basements

-Wet Bar Sinks

-Laundry Receptacles

-Utility Sinks

Rotating Outlet
Aside from these necessary safety innovations, a number of
other innovations have come from the simple electrical outlet.
Kim Gerard came up with the idea of a rotating outlet to ensure
that bulky plugs can fit together. The outlet looks like a normal
electrical outlet except that inside, the socket is attached to a
copper ring that makes electrical contacts with an outer copper ring attached to the
outlet casing to ensure that electricity is supplied to the appliance even during rotation.
Anatomy of a Receptacle
As of the 2011 NEC, most new and replacement receptacles must be tamperproof. This requirement is designed to protect small children from injury by
preventing the insertion of objects, other than electrical plugs, into the
receptacle contacts. Some exceptions to this requirement include wall
receptacles that are more than 62 inches from floor level and large appliance
receptacles located out of reach.
These new receptacles have spring-loaded shutters that close off the contact
openings of the receptacles. When a plug is inserted into the receptacle, both
springs are compressed and the shutters then open, allowing for the metal prongs to make contact to
create an electrical circuit. Because both springs must be compressed at the same time, the shutters
do not open when a child attempts to insert an object into only one contact opening, and there is no
contact with electricity.
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Conventional duplex receptacles have two places
to plug-in devices. As shown in the illustration,
newer receptacles have a half-round hole that
receives the grounding plug on an electrical cord.
A contact leads from this hole to a green
grounding screw that should be connected to the
house ground (metal conduit or a green wire) to
provide protection against shock when an
appliance is plugged in.
Front

They will have two types of contacts:

Back

terminal screws on the sides, and holes in
the back. The screws may be designed to
secure a hooked wire to the device when
driven home, or they may be used to

brass hot

silver neutral

terminal

terminal

tighten a clamp around the end of a

release

straight wire.

point for

The holes in the back of the device are
used for inserting a straight wire into an

grounding

internal clamp. The holes will be labeled

terminal

holes for

ground

solid

terminal
mounting

to indicate what wire size they can
accept.

Duplex Receptacle

t
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History of Electrical Plugs and Receptacles Worksheet
Resistance

Sheath

12 feet

36 inches

Black

Electrical box

Conductors

Circuit breaker

Milliamps

On

One

Fourteen gauge

Type

Master switches

Quick break

Smoke detector

Omega

Electric current

“E” pages

Voltage

Covering

General outlet

American Wire Gauge

Green

Neutral wire

Non-metallic cable

Solid-core, plastic, vinyl

Receptacle boxes

Voltage, amps, ohms

Finished surface

“stamped”

Silver screws

Watertight

3 inches

Sub-panel

Single gang box

44 inches

12-16 inches

Electrical shock

Manufacturer’s name

Location

Short circuit

Identification

Terminals

Arc fault interrupter

General notes

Ohms

Insufficient

Three-way switch

Electrical current

Safely split

Insulators

Directions: While reading The History of Electrical Plugs and Receptacles fill in the blanks using the
words from the word bank above. Underline your answer choice in the text that you read.
1. The neutral (white) wire attaches to the ______________________ on a receptacle.

2. A common height for a wall outlet is between ___________________ to the bottom of the
device.

3. You need to have at least _____________________ receptacles in both the front and back of a
house.

4. A GFCI (ground fault circuit interrupter) is an automatic device that offers personal protection
against ___________________________________.

5. Receptacles shall be listed and marked with ______________________ or
____________________ and voltage and ampere rating.
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Electrical Plugs and Receptacles Quiz
Direction: Name the parts of the switch below and the questions that follow using the History of
Electrical Plugs and Receptacles.
GFCI
Front

Back
1.___________________________________
2.___________________________________
3.___________________________________
1.

7.
6.

4.

4.___________________________________
5.___________________________________

2.

6.___________________________________

5.
3.

7.___________________________________

8. Electrical outlets are best described as
A. Electrical Plugs

B. Electrical Receptacles

C. Electrical Receptacles and Lighting Outlets

D. Electrical Receptacles, Lighting Outlets and Switches
__________________________________________________________________________________________
9. Electrical GFCI protection is required where?
A. For some electrical receptacles in a few areas
B. For electrical receptacles but only near water such as close to sink faucets
C. For numerous electrical receptacles and some electrical circuits to help prevent electrical shock
D. Nowhere, GFCI protection is optional
__________________________________________________________________________________________
10. Receptacles shall be installed in living room in dwelling units such that receptacle outlet is located within___
feet measured horizontal along the floor line of any wall space.
A. 6 feet

B. 4 feet

C. 10 feet

D. 8 feet

__________________________________________________________________________________________
11. Which wire in a three-pin plug is a safety device?
A. Live

B. Neutral

C. ground
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Electrical Plugs and Receptacles Quiz – Answer Key
1. Brass hot terminal
2. Holes for solid
3. Terminal
4. Terminal
5. Release point for ground
6. Test button
7. Reset button
8. A
9. C
10. A
11. C

© BITA: A program promoted by California Homebuilding Foundation

BUILDING INDUSTRY TECHNOLOGY ACADEMY: YEAR TWO CURRICULUM
Replacing an Outlet/Receptacle Handout
Materials and Tools Needed:
screwdriver
needle nose pliers
outlet tester
new receptacle
sandpaper

•
•
•
•
•

Replacing an existing receptacle (outlet) is a relatively simple procedure.
Always replace any receptacle with the same type (same ratings, not
necessarily the same brand) as the one you are removing. Most outlets in the
home will be duplex (accepts two plugs). Make sure that the new receptacle is
U.L. approved.

Replacing an End of the Run Receptacle
An “end of the run” receptacle is an outlet at the end of a circuit. There may be three conductors
coming into the box: one black-insulated current carrying conductor (wire), a white-insulated grounded
conductor, and a bare or green-insulated grounding conductor.
Removing receptacle from the wall:
•

Turn off power to the circuit containing the receptacle that you are about to replace. This can
be done by flipping the correct breaker or removing the correct fuse. If in doubt, turn off all the
power in the house.

•

Using an outlet tester (or other voltage testing device), double check to make sure that the
receptacle is dead.

•

Remove the screws holding the cover plate.

•

Remove the cover plate.

•

Remove the mounting screws attaching the receptacle to the box.

•

Pull the receptacle away from the box as far as the wires will easily allow.

•

Loosen the hot, neutral and grounding terminal screws and unhook the wires from the old
receptacle.

Note: The black wire should be attached to the brass terminal; the white wire should be attached to
the silver terminal; the grounding wire (bare copper or green) should be connected to the grounding
terminal located at one corner of the receptacle. If you are looking at the receptacle because a polarity
checker test indicated a wiring problem, examine the connections to see if the wires were incorrectly
attached. If they were, simply reconnect the wires to the proper terminals following the procedure
outlined below.
Installing a new receptacle:
1. Scrape the bare ends of the wires to remove dirt and corrosion. Sometimes a better way is to
use a fine-grit sandpaper to remove dirt and corrosion from the wires.
2. Loosen the screw terminals on the new receptacle as much as possible but do not remove.
3. Hook the white wire around the shank of the silver-colored terminal screw. Be sure the end of
the hook faces in the same direction that the terminal screw tightens (clockwise). Tighten the
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screw on the wire securely.
4. If the receptacle is a grounding type, connect the grounding wire (copper or green) to the
green grounding terminal screw. Be sure the end of the hook faces in the same direction that
the terminal screw tightens (clockwise). Tighten the screw on the wire securely.
5. Hook the black wire to the brass terminal on the opposite side of the receptacle. Be sure the
end of the hook faces in the same direction that the terminal screw tightens (clockwise).
Tighten the screw on the wire securely.
6. Recheck your connections. An error in connecting the wires could cause a short circuit.
7. Fold the wires as needed to get any excess length of wire back into the box, and then push the
receptacle into the outlet box. (NOTE: Make sure any grounding conductor(s) stay well clear of
the hot terminals on the receptacle.)
8. Replace the mounting screws and secure the receptacle to the box.
9. Replace the cover plate and screws.
10. Turn on power to the receptacle.
11. Use an outlet tester (or other voltage testing device), to check for correct polarity and
grounding.
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Replacing a Middle of the Run Receptacle Handout
Replacing a “middle of the run” receptacle is similar to replacing an “end of the run” receptacle except
there are more wires involved. These extra wires (black and white) supply electricity to other
receptacle(s) further “down-stream” in the circuit. In addition to the extra hot and neutral wires, there
are incoming and outgoing grounding wires.

R em oving receptacle from w all:
•

Follow the same steps as with the end of the run receptacle. You will have two black and two
white wires in the box (one coming from the previous receptacle and one going to the next).
You may notice the two black wires are “pigtailed” together with a third short black wire (using
a wire nut) which goes to one of the brass screws. If there is no pigtail, the two wires would
simply be attached individually to the two brass screw terminals on the receptacle. Like the
black wires, the white wires may be pigtailed together with a third wire or attached individually
to silver screw terminals.

•

If non-metallic (plastic, fiberglass) boxes are being used, the two grounding wires (bare or
green insulated) in the NM cable must be tied together with a third short wire (bare or green
insulated) in a pigtail using a wire nut. The third wire connects to the grounding screw on the
receptacle.

•

If metal boxes are being used, the grounding conductors in the NM cable would be pigtailed
together with two short bare or green-insulated grounding conductors. One of the short wires is
connected to the green-colored machine screw on the receptacle. The other is secured to the
box with a grounding clip or a green machine screw using the threaded hole in the back of the
box.

Installing a new receptacle:
•

Follow the same steps as in the end of the run
receptacle.

•

Remember that the two black wires and the two
white wires may relate to a pigtail so
that only one black and one white wire will
need to be connected to the proper screws on
the receptacle or, all each of the four of the
wires may go to individual screws. The pigtail
method is the “preferred” method and is used
most often today.

•

Remember, for non-metallic boxes, the
grounding conductor is simply attached to the
grounding terminal on the receptacle. For metal
boxes, a short grounding wire must be attached
to the grounding terminal on the receptacle and
another short grounding wire must be attached
to the electrical box.
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Ohms Law Worksheet
Intro to Ohms Law run time 5:25 https://www.youtube.com/watch?v=_-jX3dezzMg

V or E

V

V

Ohm’s Law Defined: In its most simple form, Ohm’s Law states that it takes one volt to push one amp
through one ohm.
There are three basic formulas to Ohm’s Law:

1. V= I x R

2.

I

= V
R

3.

R = V
I

Keys to the formulas: E = Electromotive force (EMF) or voltage
I = Intensity of current or amperage
R = Resistance or ohms
The wheel above is divided into three sections:
Volts V (on top of the dividing line) The letter "E" is som etim es used in representations of

Ohm 's Law for voltage instead of the "V" as in the w heel
Amps (amperes)
I (lower left below the dividing line)
Resistance R (lower right below the dividing line)
X represents the (multiply by sign)
Memorize this wheel
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To use, just cover the unknown quantity you need with your mind’s eye and what is left is the formula
to find the unknown.
Example:
To find the current of a circuit (I), just cover the I or Amps section in your mines eye and what remains
is the V volts above the dividing line and the R ohms (resistance) below it. Now substitute the known
values. Just divided the known volts by the known resistance.
Your answer will be the current in the circuit.

1. V= I x R

2.

I

= V
R

3.

R = V
I

Practice Problems
1. A toaster’s heating element has a resistance of 13 ohms and is connected to a standard household
voltage of 120 volts. How many amps will flow in this circuit?

2. If a 240-volt circuit has a current flow of 25 amps, how much resistance does the circuit possess?

3. What is the current in a 12V circuit if the resistance is 2Ω?

4. What is the resistance of a circuit with 120V and 10A?
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Electrical Safety Quiz
Direction: This quiz will be taken as you are watching the PowerPoint on Electrical Safety. As is stated
in the PowerPoint: “It is your job to know!” So do your own work and focus on the presentation, the
answers are there.
1. What is the most important rule concerning electrical safety?
a. Lock-out/tag-out

b. Always work with only one hand

c. Keep the key

d. THINK!

2. What amperage range is most likely to cause fibrillation of your heart and death?
a. 100 to 200 milliamps

b. 100 to 200 Amps

c. 12 to 15 Amps

d. 230 volts

3. What does OSHA do?
a. Makes sure that new electrical codes are included in the book
b. Ensures that we all have safe and healthful workplaces
c. Helps electricians determine the wire gauge to be use
d. Lobbies Congress concerning electrical concessions
4. What is a Ground Fault?
a. When a crack in the earth’s crust opens, causing an earthquake
b. When an electrical path to ground, other than the intended path is established
c. When the electrical system comes in direct contact with the ground causing a short
d. Amperage divided by the total voltage equals a ground fault
5. What class of fire extinguisher is to be used to put out an electrical fire?
a. Type A

b. Type B

c. Type C

d. Type D

6. What are three warning signs or clues that an electrical hazard exists?
_______________________________________________
_______________________________________________
_______________________________________________
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7. What is the function of a GFCI?
____________________________________________________________________________
8. What are four types of injuries that may result from contact with electricity?
_______________________________
_______________________________
_______________________________
_______________________________
9. Which of the following PPE should be worn when working with electricity?
a. Metal hardhat and insulated gloves & clothing
b. Non-metallic hardhat and insulated gloves & clothing
c. Non-metallic hardhat and non-insulated gloves & clothing
d. Metal hardhat and non-insulated gloves & clothing
10. When inspecting tools to see if they are damaged, what should you look for?
a. Cracks

b. Damaged insulation

c. Broken/removed ground pins

D. All the answers

11. The most dangerous place to use electrical equipment is?
a. indoors.

b. outdoors.

c. near water.

d. near other electrical equipment.

12. You discover the electrical cord on a drill has been damaged and some of the cord’s insulation is
missing. You should?
a. wrap tape around the damaged spot to prevent electrical shocks.
b. check to see if the drill still works.
c. tag the drill out of service and notify the department responsible for equipment
maintenance.
d. make sure that the cord does not come in contact with the floor.
13. The safest ladder to use around electricity is?
a. wood.

b. fiberglass. c. aluminum. d. a step stool.

14. The earth, water, concrete and the human body are all conductors of electricity
True or False
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15. The effects of an electrical shock on the body depend upon all the following EXCEPT:
a. current.

b. path.

c. duration.

d. body weight.

16. Which of the following is acceptable by OSHA standards?
a. an unqualified employee flipping tripped breakers in a breaker box.
b. plugging and extension cord into a second extension cord.
c. removing a ground pin if needed to plug into a two-prong outlet.
d. a qualified person repairing an extension cord.
17. 18. 19. What’s the problem in the following pictures?

________________________

________________________

________________________

________________________

________________________

________________________

________________________

________________________

________________________

________________________

________________________

________________________
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Electrical Safety Quiz – Answer Key
1.
2.
3.
4.
5.
6.

D
A
B
B
C
GFCI that shuts off a circuit, tripped circuit breakers or blow fuses, warm tools, wires,
cords, or connection boxes, worn or frayed insulation around a wire or connection
7. Detect current leakage and then switch off current
8. Electrocution (death), electrical shock, burns, falls
9. B
10. D
11. C
12. C
13. B
14. True
15. D
16. D
17. The power cord should not be spliced together. The tool should not be used
18. Too many wires for the box. The box needs a cover. Looks like an overloaded circuit.
19. Multiple cords hooked together
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Mock-up House Wiring Project Handout
You will wire a mockup of an inside wall with no drywall on it.
• Watch the video ‘How to do basic home wiring’ run time 13:40
https://www.youtube.com/watch?v=X3LTpDHaOXE
and follow the steps below.
Materials you need to complete this project:
 a mock-up of an inside wall with no drywall on it
(4 each 2”x4”x10’)
 16d sinker nails
 12 ft. Nonmetallic cable (NM) 14/2
 Linesman pliers
 Wire stripper 10-gauge - 46 gauge
 Phillips tip screwdriver
 A power drill and a ½ or ¾ wood paddle bit
 Insulated Romex staple
 Wire nuts a dozen of them
 3 single gang plastic boxes
 A duplex receptacle with its cover plate
 A single-pole switch with this cover plate
 A keyless fixture for the light fixture
 Junction box with box cover

Identify the electrical components of the wall before
proceeding
a. _____________ b. ______________
c. ______________ d. ______________

1. Nail up boxes
________ Measure and mark the center of each box.
•
•

Mark the height from the floor to the center of the boxes (usually 44 in. for switches and 1216 in. for outlets) or line them up with existing boxes.
Then nail up the boxes so the face of the box will be flush with the face of the future wall
covering. Most boxes have nibs or marks to help you align the box for use with standard 1/2in. thick drywall.

Calculating Box Sizes
The electrical code limits how many wires you can safely put in an electrical box. To figure the minimum
box size required by the National Electrical Code, add:
1 – for each hot and neutral wire entering the box
1 – for all the ground wires combined
1 – for all the cable clamps combined (if any)
2 – for each device (switch or outlet—but not light fixtures)
Multiply the total by 2 for 14-gauge wire and 2.25 for 12-gauge wire to get the minimum box size required
in cubic inches. Plastic boxes have their volume stamped inside. Steel box capacities are listed in the
electrical code.

2. Drill holes
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_________With the boxes nailed up, you're ready to drill holes and pull cable.
The holes and the cable running through them must be at least 1-1/4 in. from both faces of the
stud to prevent nails and screws from hitting the cable.
This means drilling dead center on 2x4 walls. If you have to drill closer to the face of the stud,
protect the area with a nail plate.
When you drill floor or ceiling joists, drill toward the end rather than the middle of the span,
and keep the holes centered on the width of the joist.
You can easily pull two 14-2 or 12-2 cables or one 14-3 or 12-3 cable through a 3/4-in. hole.
Drill more holes for additional cables.
Bore ½ - ¾ in. holes through the framing members about 8 in. above the boxes. Center the bit
on the stud, brace the drill and apply pressure with your thigh for easier drilling of wall studs.

•
•
•
•
•
•

________3. Pull the cable
When you're done drilling holes, pull the cable between the boxes and to the service panel to
complete the circuit.
Once you've pulled the cable through the holes, push it back a little to leave a small amount of
slack. This is handy insurance in case you cut the cable a little short and need extra length, and
it also allows other tradespeople a little slack to push your wire out of the way.
Remove about 12 in. of the white outer plastic sheathing from the cable before you push it into
the box.
Push the cable into the box so that at least 1/4 in. of sheathing is visible inside the box. The
National Electrical Code requires that at least 3 in. of wire protrude beyond the face of the box.

•
•
•
•

Planning tips
Position outlets so that no point in any wall space is more than 6 ft. from an outlet without crossing a
doorway. Install an outlet in every wall section that’s 2 ft. wide or wider.
•

Add at least one 15-amp circuit for every 600 sq. ft. of building area. Twenty-amp circuits are required
for kitchen, pantry, breakfast, dining room, laundry rooms and bathrooms.

•

Add separate circuits for heavy power users such as room air conditioners and electric space heaters.

When possible, install new circuits by running cable all the way to the service panel rather than connecting to
existing circuits.

4. Staple the cable
________Next staple the cable in place. Position the staples in the following locations:
•

Within 8 in. of boxes without cable clamps or within 12 in. of boxes with cable clamps. Most
plastic boxes for two or more switches have built-in cable clamps.

•

Every 4 ft. 6 in. along framing members like joists and studs. This is the maximum distance. Many
electricians put them closer as needed.

•

Within 12 in. of where a cable runs through a hole and continues along a framing member, like a
ceiling joist.

Because cables must be kept at least 1-1/4 in. from the face of studs, you can't staple them side by
side along a 2x4. The electrical code also prohibits you from placing more than one cable under
standard 1/2-in. staples.
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5. Connect the wires
_________Cut and strip the wires.
•
•
•
•
•

For safe wire connections, cut all the wires to leave at least 6 in. protruding past the face of the
box.
Leave one bare copper ground wire an extra 6 in. long.
Thread the long ground wire through the hole in the top of the special green wire connector
and splice all the ground wires by holding them together and twisting the connector clockwise
until it's tight.
Strip the ends of the white and black wires and one end of each 6-in.-long pigtail and splice
them with wire connectors.
Cover the un-stripped end of the black (hot) pigtail with a wire connector for safety.
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Electrical Unit Final
“A” frame

Electron

12 feet

OSHA

Positive

44 inches

3-way switch

Stamped

One

Arc-fault interrupter

Negative

Sub-panel

Milliamps

Non-metallic

Silver screws

Type

Single gang box

Resistance

Circuit

Electrical current

Location

American Wire Gauge

Receptacle

Black

Directions: Fill in the blanks using the words from the word bank.
1. The Greek word for amber was ___________________________________.
2. Benjamin Franklin coined the terms ________________________ and
_______________________ when describing the attraction and repulsion between items, and
vice-versa.
3. It would take only 2 ________________________ to kill the average man.
4. Named for the German scientist Georg S. Ohm, the ohm is a measure of ________________ to
current flow.
5. When the symbol on the plans, usually by a doorway or opening, is “S3” it is calling for a
____________________.
6. Electrical symbols represent and indicate the ___________________ and
_____________________ of ceiling outlets, switches, receptacles and other electrical
equipment on the wiring plan.
7. A conductor is any material that allows __________________________ to flow through it.
8. Wire sizes are categorized according to the ________________________ system.
9. 9.When an electrical box can hold only one switch or receptacle, it is referred to as a
___________________.
10. When you are laying out for the plugs in a room, the maximum distance between boxes should
not exceed _________________________.
11. The standard height of a dwelling electrical switch is _________________ to the center of the
box.
12. If you have too many circuits in one dwelling, you will have to install a
_____________________.
13. The neutral (white) wire attaches to the _____________________________ on a receptacle.
14. You need at least ________________________ receptacle in both the front and back of a
house.
15. When “making up” a two-conductor cable, the ___________________________ is the hot wire.
16. If a circuit is exposed to too much power, it creates an overload. An ___________________
protects each circuit in case of overloads, by shutting the circuit off.
17. If you see “NM” on a set of electrical plans, it is referring to ______________________cable.
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18. When the building inspector shows up to inspect, you must show him an approved
______________ set of plans.
19. Wearing safety glasses is a law enforced by ____________________________.
20. An ________________________ ladder should never be leaned against a building to work off.
Part II Directions: Circle the correct answers to the questions below.
21. What is the most important rule concerning electrical safety?
a. Lock-out/tag-out b. Always work with one hand

c. Keep the key

d. THINK!

22. What is a Ground Fault?
a. When a crack in the earth’s crust opens, causing an earthquake.
b. When an electrical path to ground, other than the intended path is established.
c. When an electrical system comes in direct contact with the sky, causing a short.
d. Amperage divided by the total voltage equals a ground fault.
23. Which statement is true?
e. One electrical horsepower = 746 watts
f.

One kilowatt = 1000 watts

g. One
h. Both A and B
24. A dull tool is a
i.

a. safe tool

b. dangerous tool

c. neutral tool

d. good tool

25. The force that pushes current through a conductor is
j.

a. voltage

b. amperage

c. dark side of the force

d. opposition

26. Ohm’s Law
k.
l.
m.
n.

is a very good law
was named for Thomas “O” Edison
was part of the original Constitution
states that it takes 1 volt to push 1 amp through 1 ohm

27. To find the layout of the electrical system on a set of plans, how will the page be labeled?
o. a. front page

b. back page

c. information page

d. “E” page

28. When laying out the locations for outlets and receptacles, you see SD in a circle in front of a
bedroom door, you know it is a
a. system designator

b. smoke detector

c. structural detail

d. student discount
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29. Non-metallic sheathed cable must be stapled within 12” from a _________________ to meet
code.
p. a. doorway

b. window

c. electrical box

d. corner

30. In walls constructed of wood or other combustible surface material; boxes, plaster rings,
extension rings, or extenders shall be installed flush with the
q. finished surface

b. stud, joist or rafter

c. sub-surface

d. top plates

31. The bedroom switch shall not be place closer than 3 inches from
r. a. a window

b. the open side of the door

s. c. the sliding closet door

d. the hinge side of the door

32. A common switch used at both the top and bottom of a set of stairs is a
t. dimmer switch b. timed switch

c. 3-way switch

d. willow switch

33. Which wire attaches to the bronze screw on a receptacle?
u. a. the white wire

b. the blue wire

c. the green wire

d. the black

wire
34. Kitchen outlets shall be spaced no more than ___________ along the countertop.
v. 6 inches

b. 12 inches

c. 18 inches

d. 24 inches

35. When you are laying out for receptacles in a room, do you measure through an opening or
doorway?
w. a. yes

b. no

c. maybe

d. sometimes

36. The first practical incandescent light bulb was patented in 1879 by
x. a. Benjamin Franklin b. William Gilbert

c. Barack Obama

d. Thomas Edison

37. The National Electrical Code was first published in 1897 to
y. a. teaches everyone about electricity

b. give a reason to hire inspectors

z. c. set standards for safe electrical installation

d. keep the code secret

38. The testing of electrical equipment for compliance recognized standards of safety falls to groups
such as:
a. The Warren Commission b. Underwriters Laboratories c. The Test Kitchen d. Cal-OHSA
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39. The green ground wire shall be terminated at the
a. service panel

b. ground rod

c. sub-panel

d. breaker

c. Metal conduit

d. Aluminum wire

40. Most modern-day houses are wired with
a. Romex

b. Rolex

Part III Directions: Solve the Ohm’s Law equations. Show your work.
41. When volts and ohms are known: Find the current of a 120-volt circuit with a
resistance of 60 ohms. Answer: ____________
42. Calculate the voltage supply needed to produce a current of 12 amps with a 48-ohm resistor.
Answer: _____________
43. When watts and volts are known: A 120 volts circuit has a 1440-watt load. Determine the
current. Answer: _____________
44. How many volts will a circuit possess if it has a resistance of 5 ohms, and a current flow of 17
amps? Answer: _____________
45. What value of resister would be used to permit a current of 0.2 amps to flow using a 6-volt
supply? Answer: ______________
46. Calculate the voltage across a 300-ohm resistor when a current of 0.004 amps flows through it.
Answer: ______________
47. If a circuits resistance is 7 ohms, at 115 volts, how many amps will flow through it?
Answer: ______________
48. How many ohms of resistance will a circuit possess if it has a current flow of 15 amps, and a
voltage of 230 volts? Answer: ________________
49. When ohms and watts are known: Determine the current where a circuit consumes 625 watts
through a 12.75-ohm resistor. Answer: ________________
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Electrical Unit Final – Answer Key
1. Electron
2. Positive and negative
3. Milliamps
4. Resistance
5. 3-way switch
6. Type and location
7. Electrical current
8. American Wire Gauge
9. Single gang box
10. 12 feet
11. 44 inches
12. Sub-panel
13. Silver screws
14. One
15. Black
16. Arc-fault interrupter
17. Non-metallic
18. Stamped
19. OSHA
20. “A” frame
21. D
22. B
23. D
24. B
25. A
26. D
27. D
28. B
29. E
30. A
31. B
32. C
33. D
34. D
35. A
36. D
37. C
38. B
39. B
40. A
41. 2 amperes

42. 30 ohms
43. 576 volts
44. 12 amps
45. 85 volts
46. 30 ohms
47. 1.2 volts
48. 16.43 amps
49. 15.33 ohms
50. 7 amperes
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