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Changes to previous issue marked with "|" in left colum. Watch
particularly for "NEW in the Questions list for new or substantively
changed answers. "g"|" will get you to the changed sections quickly in

nost newsr eaders.

Subj ect: Questions answered in this FAQ

I ntroducti on/ Di scl ai mers
What is the NEC? Where can | get a copy?
What is the CEC? Were can | get a copy?
Can | do my own wiring? Extra pointers?
VWhat do | need in the way of tools?
VWhat is UL listing?
VWhat is CSA approval ?
What i npact does NAFTA have on wiring standards and approval s?
Are there any cheaper, easier to read books on wring?
O her Resources on Wring
I nspections how and what? Wiy should | get ny wiring inspected?
My house doesn't neet sonme of these rules and regul ations.
A word on vol tages: 110/115/117/120/125/ 220/ 240
VWhat does an electrical service |ook |ike?
VWhat is a circuit?
"groundi ng" versus "grounded" versus "neutral".
VWhat does a fuse or breaker do? What are the differences?
Breakers? Can't | use fuses?
What size wire should | use?
VWere do these numbers come fronf
VWhat does "14-2" mean?
What is a "wire-nut"/"marrette"/"marr connector”. How are they used?
VWhat is a GFI/GFCl?
VWere should GFCl's be used?
VWhere shouldn't | use a GFCl?
VWhat is the difference between a GFCl outlet and a GFCI breaker?
What's the purpose of the ground prong on an outlet, then?
Groundi ng el ectrode system ( NEW
Bondi ng requirenents (NEW
Testing groundi ng conductors and groundi ng el ectrodes. (NEW
Why is one prong wi der than the other? Polarization
How do | convert two prong receptacles to three prong?
Sur ges, spikes, zaps, grounding and your el ectronics
Are you sure about GFCls and ungrounded outlets?
Shoul d the test button work?
How to wire 3-way and 4-way swi tches
What kind of outlets do | need in a kitchen?
Where nust outlets and switches be in bathroons?
General outlet placenent rules/line capacities
VWhat is Romex/NM NVMD? What is BX? When should | use each?
Should | use plastic or netal boxes?
Junction box positioning?
Can | install a replacenent fixture?
Noi sy fluorescent fixtures, what do | do?
Noi sy lights with di mer switches, what do | do? (NEW
What does it nmean when the lights brighten when a notor starts?
What is 3 phase power? Should | use it? Can | get it in my house?
Is it better to run notors at 110 or 2207
VWhat is this nonsense about 3HP on 110V 15A circuits?
How should | wire my shop?
Under ground wiring
Door bel | /t el ephone/ cabl e other service wiring hints
Al um num wi ri ng
' m buying a house! \What should |I do?
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Subj ect :

What is this weird stuff? Od style wiring
Where do | buy stuff?

Copper wire characteristics table

Snoke detector guidelines

O her 1inks

I ntroducti on/ Di scl ai ners

Al t hough we've done a fair bit of wiring, we are not

el ectricians, and we cannot be responsible for what you do. |If
you're at all uncertain about what is correct or safe, *don't
do it*. Contact someone qualified -- a licensed electrician

or your local electrical inspector. Electricity is no joke;
m stakes can result in shocks, fires, or electrocution

Furthernore, our discussion is based on the U S. Nationa

El ectrical Code (NEC) and the Canadi an El ectrical code (CEC)
To the best of our abilities, we have confirmed every det ai
with the electrical code, but we don't quote sections

sinmply to keep this thing readable. If you think we're wong,
we invite you to correct us, but please - quote references!

The NEC and the CEC do not, in and of thenmselves, have the
force of law. Many nunicipalities adopt it en toto. O hers,
however, do not. Check your with your |ocal building
departnment (and <provincial > Hydro Inspection Offices in
Canada) to find out what applies in your area. Al so,

your local electrical utility may al so have special requirenents
for electrical service installation. Bear in mnd, too, that
we say here applies primarily to ordinary single-famly
residences. Milti-famly dwellings, nobile hones, comrercia
establishments, etc., are sonetines governed by different

rul es.

Also note that, contrary to popular belief inthe US. (and in
sonme parts of Canada), Canada is not a wholly-owned subsidiary
of the U.S. Consequently, the NEC does not apply in Canada.
Lots of things are the same, including voltages, |ine
frequencies, and the laws of physics. But there are a nunber
of crucial differences in the regulations. Were we can, we've
noted them flagging the relevant passages with “~“NEC ' or
TTCEC .

Renmenmber that the CEC and NEC are mnimal standards. It is often
smart to go beyond their mninmal requirenents.

What is the NEC? Where can | get a copy?

The NEC is a nodel electrical code devised and published by the
National Fire Protection Association, an insurance industry group
It's revised every three years. The 1993 version has been rel eased.
You can buy a copy at a decent bookstore, or by calling themdirectly
at 800- 344-3555. The code exists in several versions. There's the
full text, which is fairly inconprehensible. There's an abridged
edition, which has only the sections likely to apply to nobst houses.
And there's the NEC Handbook, which contains the " authorized
commentary'' on the code, as well as the full text. That's the
recommended version. Unfortunately, there's no handbook for

the abridged edition. And the full handbook is expensive --

US$65 pl us shi ppi ng and handl i ng.
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What is the CEC? Were can | get a copy?

The Canadi an Standards Association is an organi zati on nmade up
of various government agencies, power utilities, insurance
conpani es, electrical manufacturers and ot her organizations.
The CSA publishes CSA Standard C22.1 which is updated every two
or three years. Each province adopts, with sone anendnents,
this standard and publishes a province-specific code book

Si nce each province publishes its own slightly nodified
standard, it would be somewhat confusing to obtain the CSA
standard itself. In this FAQ "CEC' really neans the
appropriate provincial standard. |In particular, this FAQis
derived fromthe Ontario Hydro Electrical Safety Code, 20th
edition (1990). \VWhich is in turn based on CSA C22.1-1990 (16th
edition). While differences exist between the provinces, an
attenpt has been made to avoid specific-to-Ontario detail

The appropriate provincial code can be obtained fromelectrica

i nspection offices of your provincial power authority. In
Ontario, it's Ontario Hydro. The Ontario Hydro book isn't
overly fat. [It's about C$25, and includes nail ed updates. |

hear that these standards are sonmewhat easier to read than the
equi val ent NEC publicati ons.

Don't bother asking in Quebec - DIY wiring is banned throughout
t he province.

Can | do ny own wiring? Extra pointers?

In nost places, homeowners are allowed to do their own wiring.

In some, they're not. Check with your |ocal electrica

i nspector. Most places won't permt you to do wiring on other's
homes for noney without a license. Nor are you permitted to do
wiring in "comrercial" buildings. Miltiple dwellings (eg: dupl exes)

are usually considered "sem -comercial" or "comrercial". However,
many jurisdictions will permt you to work on seni-comrercia
wiring if you' re supervised by a licensed electrician - if you can
find one willing to supervise.

If you do your own wiring, an inportant point:

Do it NEAT and WELL! What you really want to aimfor is a better
job than an electrician will do. After all, it's your own hone,
and it's you or your famly that mght get killed if you nake

a mstake. An electrician has tinme pressures, has the skills
and knows the tricks of the trade to do a fast, safe job.

In this FAQ we've consciously given a few recomrendati ons that
are in excess of code, because we feel that it's reasonable,

and will inpress the inspector.

The inspector will know that you're an amateur. You have to

earn his trust. The best way of doing this is to spend your

time doing as neat a job as possible. Don't cut corners.

Exceed specifications. Oherw se, the inspector may get extrenely
pi cky and fault you on the slightest transgressions.

Don't try to hide anything fromthe inspector
Use the proper tools. le: don't use a bread knife to strip

wires, or twist wires with your fingers. The inspector
won't like it, and the results won't be that safe. And it
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takes longer. And you're nore likely to stick a hunk of
12ga wire through your hand that way.

Don't handl e house wire when it's very cold (eg: below -10C
or 16F). Thernoplastic house wire, particularly ol der types
beconme very brittle.

What do | need in the way of tools?

First, there's the obvious -- a hammer, a drill, a few
screwdrivers, both straight and Phillips-head. |If you're

| ucky enough to live in Canada (or find a source of CSA-approved
devi ces) you need Robertson ("square recess") screwdrivers

(#1 and #2) instead of phillips.

For drilling a few holes, a 3/4" or 1" spade bit and 1/4" or
3/8" electric drill will do. |If you're doing a |lot, or

are working with elderly lunber, we recommend a 1/2" dril
(right-angle drills are wonderful. Can be rented) and

3/ 4" or 1" screw point auger drill bits. These bits pul

you through, so they're much faster and | ess fatiguing, even
in 90 year old hardwood tinbers.

Screwdriver bits are useful for drills, expecially if you
install your electrical boxes using screws (drywall screws
work well).

For stripping wire, use a real wire stripper, not a knife or
ordinary wire cutters. Don't buy the $3 K-mart "conbo stri pper
crinper and bottle opener"” types. You should expect to pay

$15 to $20 for a good "plier-type" pair. It will have sized
stripping holes, and won't nick or grab the wire - it should

be easy to strip wire with it. One nodel has a snmall hole in the
bl ade for form ng exact wire loops for screwtermnals. There
are fancier types (autostrip/cut), but they generally aren't
necessary, and pros usually don't use them

A pair of diagonal side cutter pliers are useful for clipping ends
in constricted places. Don't use these for stripping wre.

You will need linesman pliers for twisting wires for wire connectors.

You shoul d have a pair of needl e-nose pliers for fiddling

i nsi de boxes and closing | oops, but it's better to formwire
| oops with a "loop former hole" on your wire stripper - nore
accur ate.

If you're using non-nmetallic cable, get a cable stripper for
removi ng the sheath. O, do what sone pros do, they nick the
end of the sheath, grab the ground wire with a pair of pliers,
and sinply rip the sheath back using the ground wire as a
"zipper", and cut the sheath off. You shouldn't try to strip
the sheath with a knife point, because it's too easy to

slash the insulation on the conductors. Apparently Stanley
utility knives fitted with Iinoleumcutters (hooked bl ades)

can be used to strip sheath, but there is still the possibility
that you'll gouge the conductors.

For any substantial amount of work with arnored cable, it's wel
worth your while to invest in a rotary cable splitter (~US$ 18).
Hack saws are tricky to use without cutting into the wire

or the insulation.
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Three-prong outlet testers are a quick check for properly-wred
outlets. About $6. Miltinmeters tell you nore, but are a lot nore
expensi ve, and probably not worth it for nobst people. A sinple
vol t age sensor, which can detect potential through an insul ated

wi re not supplying any devices, is extremely hel pful; they cost
about US$ 10 at Radi o Shack.

You shoul d have a voltage detector - to check that the wires are
dead before doing work on them Neon-bulb version are cheap ($2-3)

and work well. If you get nore serious, a "audible alarm' type is
good for tracing circuits without a helper. (Though |I've been known
to lock the drill on, and hit breakers until the scream stops ;-)

For running wires through existing walls, you need fish tape.
Often, two tapes are needed, though sonetinmes, a bent hanger or
a length of thin chain will suffice. Fish tapes can be rented.

El ectrical tape. Lots of it ;-) Seriously, a good and conpetent
wiring job will need very little tape. The tape is useful for
wrapping dicy insulation in repair work. Another use is to wap
around the body of outlets and switches to cover the term nation
screws - | don't do this, but drywall contractors prefer it (to
prevent expl osions when the drywall knife collides with a live outlet
that has no cover plate).

What is UL listing?

The UL stands for "Underwriters Laboratory". It used to be
an I nsurance Industry organization, but now it is independent
and non-profit. It tests electrical conponents and equi pnent

for potential hazards. \When sonmething is UL-listed, that neans
that the UL has tested the device, and it neets their requirenments
for safety - ie: fire or shock hazard. It doesn't necessarily
mean that the device actually does what it's supposed to, just
that it probably won't kill you.

The UL does not have power of lawin the US. -- you are
permtted to buy and install non-UL-listed devices. However,
i nsurance policies sonetines have clauses in themthat wll
l[imt their liability in case of a claimnade in response to
the failure of a non-UL-listed device. Furthermore, in

many situations the NEC will require that a wiring conponent
used for a specific purpose is UL-listed for that purpose.
Indirectly, this neans that certain parts of your wring

nmust be UL-listed before an inspector will approve it and/or
occupancy permits issued.

VWhat is CSA approval ?

Every el ectrical device or conponent nust be certified by the
Canadi an Standards Association (or recogni zed equi val ent) before
it can be sold in Canada. Inplicit in this is that all wring
nmust be done with CSA-approved materials. They performtesting
simlar to the UL (a bit nore stringent), except that CSA (or
recogni zed equi val ent) approval is required by |aw.

Again, like the UL, if a fire was caused by non- CSA- approved
equi pnent, your insurance conpany may not have to pay the
claim

http://www.fags.org/fags/el ectrical -wiring/partl/ 2/21/2007



Electrical

Subj ect :

Subj ect :

Wiring FAQ (Part 1 of 2)

Note: strictly speaking, there usually is a | egal way around
the lack of a CSA sticker. |In sone cases (eg: Ontario), a

| ocal hydro inspection prior to purchase, or prior to use, is
acceptable. The hydro inspector will affix a "hydro sticker”
to the unit, which is as good as CSA approval. But it costs
noney - last | knew, $75 per unit inspected.

ULC (Underwriters Laboratory of Canada) is an independent
organi zati on that, anobngst other things, undertakes the
quarterly inspection of nmanufacturer's to ensure continued
conpliance of UL Listed/ Recogni zed products to Agency reports
and safety standards. This work is done under contract to UL
Inc (Followup Services Division). They are not a branch or
subsi diary of UL.

What i npact does NAFTA have on wiring standards and approval s?

The North Anerica Free Trade Agreement cane into effect on
January 1st, 1994. NAFTA attenpts to bring down trade barriers
bet ween Mexi co, Canada and the USA. One of the "barriers" has
been that of approval of material. As of January first, CSA
approval of a device is legally considered equivalent to UL
approval in the USA. Conversely, UL is now accepted as

equi valent to CSA approval in Canada. Theoretically, this
means that devices marked only with UL approval are acceptable
in the CEC, and conversely CSA approval by itself of a device
is accepted by the NEC. This allows nuch freer trade in
electrical materials between the two countries.

This doesn't affect the electrical codes thenselves, so the

differences in practice between the NEC and CEC wi Il renuin.
It is also nmy understandi ng that bilateral acceptance of
"approval” will only apply when the standards applied are

reasonably the sanme. As an exanple, a cable approved by the
NEC for a given purpose may not be acceptable by the CEC for
the sane purpose if the standards requirenents are different.
Eg: "NMD' ("non-netallic, danp") cable is usually required for
residences in Canada. "NM' cable ("non-netallic, not danp

| ocations) which is used in the sane situations in the US,
woul d probably not be acceptable in Canada. Al so,

muni ci palities can add additional requirenments on top of the
CEC, as they can in the US over the NEC

Thus, Canadians will probably start seeing UL-only approved
materials in stores, and Anmericans the sanme regarding
CSA-only. But some differences will remain. Wen in doubt on

maj or itens, consult an inspector. At least in Canada, the
fact that the material is available in a store usually neans
that it's okay to install

Are there any cheaper, easier to read books on wiring?

USA: The follow ng three books were suggested by our readers
Residential Wring
by Jeff Markell
Craf t sman Books,

Carl sbhad CA for $18.25. |SBN 0-934041-19-9.

Practical Electrical Wring
Residential, Farmand Industrial, Based on the Nationa
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El ectrical Code ANSI / NFPA 70
Herbert P. Richter and W Creighton Schwan
McGraw- Hi | | Book Co.

Wring Sinmplified
H P. Richter and W C. Schwan
Par k Publ i shing Co.

The El ectrician's Tool box Manua
Rex M Il er

Prentice Hall (ARCO 1989

| SBN 0-13-247701-7 $11.00

Try to make sure that the book is based on the | atest NEC
revision. Wiich is currently 1993.

Canada: P.S. Knight authors and publishes a book called
"Electrical Code Sinplified". There appears to be a version
publ i shed specific to each province, and is very tied into the
appropriate provincial code. 1t focuses on residential wring,
and is indispensible for Canadian DIY' ers. It is better to get
this book than the CEC unless you do a ot of wiring (or answer
questions on the net ;-).

It is updated each tine the provincial codes are. This book is
available at all DI'Y and hardware stores for |less than C$10.
O her Resources on Wring

http://honmewiring.tripod.comis a truly excellent site.

It contains a fairly wi de range of very detailed information.
If you need pictures on how to do common things (like 3 or 4

way switches, ceiling fan installation etc), this is a great

place to go. It doesn't cover as broad variety of things

as this FAQ but it's nmuch nore detailed, and nore up to date
in sone areas.

It's particularly good for figuring out the wiring of conplicated
switch arrangenents.

Note that this site is 1999 NEC specific. Which neans that

if you're not in the USA, you will have to be very careful about
taking the rules as gospel. For exanple, the section on kitchens
is entirely wong for Canada.

I nspections how and what? Wiy should | get ny wiring inspected?

Most jurisdictions require that you obtain a pernmt and

i nspections of any wiring that is done. Anobngst other nore
mundane bureaucratic reasons (like insurance conpani es not
liking to have to pay clainms), a permt and inspections

provi des sone assurance that you, your family, your neighbors
or subsequent owners of your hone don't get killed or |ose
their hones one night due to a sloppy wiring job.

Most jurisdictions have the power to order you to vacate your
home, or order you to tear out any w ring done wthout a
permt. California, for instance, is particularly nasty about
this.

http://www.fags.org/fags/el ectrical -wiring/partl/ 2/21/2007



Electrical

Subj ect :

Subj ect :

Wiring FAQ (Part 1 of 2)

If fire starts in your hone, and un-inspected wiring is at
fault, insurance conpanies will often refuse to pay the damge
cl ai ns.

In general, the process goes like this:

- you apply to your local inspections office or building
departnment for a permt. You should have a sketch or
detail ed drawi ng of what you plan on doing. This is
a good tine to ask questions on any things you're not
sure of. If you're doing major work, they nay inpose
speci al conditions on you, require |oading
cal cul ati ons and ask other questions. At this point
they will tell you which inspections you will need.

- If you're installing a main panel, you will need to
have the panel and service connections inspected
before your power utility will provide a connection.
This is sonetinmes done by the | ocal power authority
rather than the usual inspectors.

- After installing the boxes and wiring, but before
the insulation/walls go up, you will need a
"rough-in" inspection.

- After the walls are up, and the wiring is conplete,
you wi Il need a "final inspection”.

My house doesn't neet sone of these rules and regul ations.
Do | have to upgrade?

In general, there is no requirenent to upgrade ol der dwellings,
t hough there are sonme exceptions (ie: snpke detectors in sone
cases). However, any new work nust be done according to the

| atest electrical code. Also, if you do "“mgjor'' work, you
may be required to upgrade certain existing portions or al

of your system Check with your |local electrical inspector

A word on voltages: 110/115/117/120/125/220/ 240

One thing where things mght get a bit confusing is the

di fferent nunbers peopl e bandy about for the voltage of

a circuit. One person mght talk about 110V, another 117V

or another 120V. These are all, in fact, exactly the sane
thing... In North Anerica the utility conpanies are required

to supply a split-phase 240 volt (+-5% feed to your house

This works out as two 120V +- 5% legs. Additionally, since there
are resistive voltage drops in the house wiring, it's not
unreasonabl e to find 120V has dropped to 110V or 240V has dropped
to 220V by the tinme the power reaches a wall outlet. Especially
at the end of an extension cord or long circuit run. For a nunber
of reasons, sone historical, some sinple personal orneryness,

di fferent people choose to call themby slightly different nunbers.

Thi s FAQ has chosen to be consistent with calling them "110V' and
"220V", except when actually saying what the neasured voltage wll
be. Confusing? A bit. Just ignore it.

One thing that mght nmake this a little nore understandabl e

is that the nanepl ates on equi pment ofen show the | ower (ie: 110V
i nstead of 120V) value. What this inplies is that the device

is designed to operate properly when the voltage drops that

| ow.

208V is *not* the same as 240V. 208V is the voltage between
phases of a 3-phase "Y" circuit that is 120V fromneutral to any
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hot . 480V is the voltage between phases of a 3-phase "Y"
circuit that's 277V from hot to neutral

In keeping with 110V versus 120V strangeness, motors intended
to run on 480V three phase are often | abelled as 440V...

VWhat does an electrical service |ook |ike?

There are logically four wires involved with supplying the
mai n panel with power. Three of themw |l come fromthe utility
pole, and a fourth (bare) wire conmes from el sewhere.

The bare wire is connected to one or nore long netal bars pounded
into the ground, or to a wire buried in the foundation, or sometines
to the water supply pipe (has to be netal, continuous to where

the main water pipe entering the house. Wtch out for gal vanic
action conductivity "breaks" (often between copper and iron pipe).
This is the "grounding conductor”. It is there to make sure that
the third prong on your outlets is connected to ground. This wire
normal ly carries no current.

One of the other wires will be white (or black with white or

yel l ow stripes, or sonetines sinply black). It is the neutral wre.
It is connected to the "centre tap" (CEC, "center tap" in the
NEC ;-) of the distribution transformer supplying the power. It

is connected to the grounding conductor in only one place (often
i nside the panel). The neutral and ground should not be connected
anywhere el se. O herwi se, weird and/ or dangerous things may happen.

Furthermore, there should only be one grounding systemin

a home. Sone codes require nore than one groundi ng el ectrode.
These will be connected together, or connected to the neutra

at a common point - still one grounding system Adding additiona
groundi ng el ectrodes connected to other portions of the house
wiring is unsafe and contrary to code.

If you add a subpanel, the ground and neutral are usually
brought as separate conductors fromthe nain panel, and are
not connected together in the subpanel (ie: still only one
neutral -ground connection). However, in some situations
(certain categories of separate buildings) you actually do
have to provide a second groundi ng el ectrode - consult your

i nspect or.

The other two wires will usually be black, and are the "hot"
wires. They are attached to the distribution transforner as
wel | .

The two black wires are 180 degrees out of phase with each
other. This means if you connect sonething to both hot wires,
the voltage will be 220 volts. If you connect something to the
white and either of the two blacks you will get 110V.

Sone panels seemto only have three wires conming into them
This is either because the neutral and ground are connected
together at a different point (eg: the neter or pole) and one
wire is doing dual-duty as both neutral and ground, or in sone
rare occasions, the service has only one hot wire (110V only
service).

What is a circuit?
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I nside the panel, connections are made to the incom ng wires.
These connections are then used to supply power to sel ected
portions of the home. There are three different conbinations:
1) one hot, one neutral, and ground: 110V circuit.
2) two hots, no neutral, and ground: 220V circuit.
3) two hots, neutral, and ground: 220V circuit + neutral
and/or two 110V circuits with a common neutral

(1) is used for nost circuits supplying receptacles and
lighting within your house. (3) is usually used for supplying
power to major appliances such as stoves, and dryers - they

of ten have need for both 220V and 110V, or for bringing severa
circuits fromthe panel box to a distribution point. (2) is
usual ly for special 220V nmotor circuits, electric heaters, or
air conditioners.

[Important Note: In the US, the NEC used to permt a circuit
simlar to (2) be used for stoves and dryers - nanely, three
conductor wiring, with a ground wire doing dual duty as a neutral
As of the 1996 revision to the NEC, this is NO LONGER PERM TTED. ]

(1) is usually wired with three conductor wire: black for hot,
white for neutral, and bare for grounding.

(2) and (3) have one hot wire coloured red, the other black, a
bare wire for grounding, and in (3) a white wire for neutral

You will sonetines see (2) wired with just a black, white and ground
wire. Since the white is "hot" in this case, both the NEC and CEC
requires that the white wire be "permanently marked" at the ends

to indicate that it is alive wire. Usually done with paint, nai
polish or sonetines electrical tape.

Each circuit is attached to the main wires comng into the
panel through a circuit breaker or fuse.

There are, in a fewlocales, circuits that ook like (1), (2)

or (3) except that they have two bare ground wires. Sone pl aces
require this for hot tubs and the |ike (one ground is "frame ground",
the other attaches to the notor). This may or may not be an
alternative to GFCl protection.

"groundi ng" versus "grounded" versus "neutral".

According to the term nology in the CEC and NEC, the

"groundi ng" conductor is for the safety ground, i.e., the green
or bare or green with a yellow stripe wire. The word "neutral”
is reserved for the white when you have a circuit with nore than
one "hot" wire. Since the white wire is connected to neutral and
t he groundi ng conductor inside the panel, the proper termis
"grounded conductor". However, the potential confusion between
"grounded conductor"” and "groundi ng conductor” can lead to
potentially lethal nistakes - you should never use the bare wire
as a "grounded conductor" or white wire as the "groundi ng conductor",
even though they are connected together in the panel

[But not in subpanels - subpanels are fed neutral and ground
separately fromthe main panel. Usually.]

Not e: do not tape, colour or substitute other colour wires for the
saf ety groundi ng conduct or
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In the trade, and in conmon usage, the word "neutral" is used
for "grounded conductor”. This FAQ uses "neutral" sinply to
avoid potential confusion. W recomend that you use "neutral™
too. Thus the white wire is always (except in some |ight

swi tch applications) neutral. Not ground.

What does a fuse or breaker do? What are the differences?

Fuses and circuit breakers are designed to interrupt the power
to a circuit when the current flow exceeds safe |levels. For
exanple, if your toaster shorts out, a fuse or breaker should
"trip", protecting the wiring in the walls fromnmelting. As
such, fuses and breakers are primarily intended to protect the
wiring -- UL or CSA approval supposedly indicates that the
equi pnment itself won't cause a fire.

Fuses contain a narrow strip of netal which is designed to nelt
(safely) when the current exceeds the rated val ue, thereby
interrupting the power to the circuit. Fuses trip relatively
fast. Which can sonetinmes be a problemw th notors which have
| arge startup current surges. For notor circuits, you can use
a "time-delay" fuse (one brand is "fusetron") which will avoid
tripping on nonentary overloads. A fusetron |ooks like a
spring-1loaded fuse. A fuse can only trip once, then it nust be
repl aced.

Breakers are fairly conplicated nechanical devices. They
usual ly consi st of one spring | oaded contact which is | atched
into position agai nst another contact. When the current flow
t hrough the device exceeds the rated value, a binetallic strip
heats up and bends. By bending it "trips" the latch, and the
spring pulls the contacts apart. Circuit breakers behave
simlarly to fusetrons - that is, they tend to take | onger to
trip at noderate overloads than ordinary fuses. Wth high
overloads, they trip quickly. Breakers can be reset a finite
nunber of tinmes - each tine they trip, or are thrown

when the circuit is in use, sonme arcing takes place, which
damages the contacts. Thus, breakers should not be used in

pl ace of switches unless they are specially listed for the
pur pose.

Nei t her fuses nor breakers "linmt" the current per se. A dead
short on a circuit can cause hundreds or sonetimes even

t housands of anperes to flow for a short period of tine, which
can often cause severe danmmge

Breakers? Can't | use fuses?

Statistics show that fuse panels have a significantly higher
risk of causing a fire than breaker panels. This is usually
due to the fuse being |oosely screwed in, or the contacts
corroding and heating up over tine, or the wong size fuse
being installed, or the proverbial "replace the fuse with a
penny" trick.

Since breakers are nmore permanently installed, and have better
connection nmechani snms, the risk of fire is considerably |ess.

Fuses are prone to expl ode under extrenely high overload. When
a fuse explodes, the netallic vapor cloud becones a conducting
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path. Result? Fromconplete neltdown of the electrical panel
nelted service wiring, through fires in the electrica

di stribution transformer and havi ng your house burn down.

[ This author has seen it happen.] Breakers won't do this.

Many jurisdictions, particularly in Canada, no |onger permt
fuse panels in new installations. The NEC does permt new
fuse panels in sone rare circunstances (requiring the specia
inserts to "key" the fusehol der to specific size fuses)

Sonme devices, notably certain large air conditioners, require fuse
protection in addition to the breaker at the panel. The fuse

is there to protect the notor w ndings fromoverload. Check the

| abeling on the unit. This is usually only on |arge permanently
installed motors. The installation instructions will tell you

if you need one.

What size wire should | use?

For a 20 anmp circuit, use 12 gauge wire. For a 15 anp circuit,
you can use 14 gauge wire (in nost locales). For a long run

t hough, you should use the next |larger size wire, to avoid

vol tage drops. 12 gauge is only slightly nore expensive than
14 gauge, though it's stiffer and harder to work with.

Here's a quick table for normal situations. Go up a size for
nore than 100 foot runs, when the cable is in conduit, or
ganged with other wires in a place where they can't dissipate
heat easily:

Gauge Anps
14 15
12 20
10 30
8 40
6 65

We don't list bigger sizes because it starts getting very dependent
on the application and precise wire type.

Where do these nunbers conme fronf

There are two considerations, voltage drop and heat buil dup
The smaller the wire is, the higher the resistance is. \Wen
the resistance is higher, the wire heats up nmore, and there is
nore voltage drop in the wiring. The former is why you need
hi gher-tenperature insulation and/or bigger wires for use in
conduit; the latter is why you should use larger wire for |ong
runs.

Neither effect is very significant over very short distances.
There are sone very specific exceptions, where use of snaller
wire is allowed. The obvious one is the line cord on nost
lanps. Don't try this unless you're certain that your use fits
one of those exceptions; you can never go wong by using |arger
Wi re.

VWhat does "14-2" nean?

This is used to describe the size and quantity of conductors
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in a cable. The first nunber specifies the gauge. The second

t he nunber of current carrying conductors in the wire - but
remenber there's usually an extra ground wire. "14-2" neans

14 gauge, two insulated current carrying wres, plus bare ground.

-2 wire usually has a black, white and bare ground wire. Sometines
the white is red instead for 220V circuits without neutral. In
the latter case, the sheath is usually red too.

-3 wire usually has a black, red, white and bare ground wire.
Usual |y carrying 220V with neutral

VWhat is a "wire-nut"/"marrette"/"marr connector"? How are they
used?

A twist-on wire connector is a cone shaped threaded plastic
thi ngummy that's used to connect wires together. "Marrette"
“Marr connector", "IDEAL Wre-nut(R)" are trade nanes. You'l
usually use a lot of themin DY wring.

In essence, you strip the end of the wires about an inch, twi st them
together, then twi st the connector on

VWil e sone connectors advertise that you don't need to twi st the
wire, do it anyways - it's nore mechanically and electrically
secure. Unless the instructions specifically state otherw se..

There are many different sizes of wire connector. You should check
that the connector you're using is the correct size for the
gquantity and sizes of wire you' re connecting together

Don't just ginble the wires together with a pair of pliers or
your fingers. Use a pair of blunt nose ("linesman") pliers,
and carefully twist the wires tightly and neatly. Sonetinmes
it's a good idea to trimthe resulting end to make sure it
goes in the connector properly.

After twisting the connector on, give each wire a tug, and
make sure that nothing is | oose.

Some people wap the "open" end of the connector with electrica
tape. This is probably not a good idea - the inspector may
tear it off during an inspection. |It's usually done because

a bit of bare wire is exposed outside the connector - instead
of taping it, the connection should be redone.

What is a GFI/G-ClI ?

A GCl is a “~“ground-fault circuit interrupter''. |t measures
the current current flow ng through the hot wire and the
neutral wire. If they differ by nore than a few nillianps, the

presunption is that current is |eaking to ground via sone ot her
path. This nmay be because of a short circuit to the chassis of
an appliance, or to the ground |lead, or through a person. Any
of these situations is hazardous, so the G-Cl trips, breaking
the circuit.

GFCl's do not protect against all kinds of electric shocks. If,
for exampl e, you sinultaneously touched the hot and neutra
| eads of a circuit, and no part of you was grounded, a G-Cl
woul dn't help. All of the current that passed fromthe hot

http://www.fags.org/fags/el ectrical -wiring/partl/ 2/21/2007



Electrical Wiring FAQ (Part 1 of 2) Page 15 of 22

Subj ect :

Subj ect :

lead into you would return via the neutral |ead, keeping the
GFCI happy.

The two pairs of connections on a GFCI outlet are not synmetric.
One is | abeled LOAD;, the other, LINE. The inconm ng power feed
*must* be connected to the LINE side, or the outlet will not be
protected. The LOAD side can be used to protect all devices
downstream fromit. Thus, a whole string of outlets can be
covered by a single G-Cl outlet.

Where should GFCls be used?

The NEC mandates GFCls for 110V, 15A or 20A single phase

outlets, in bathrooms, kitchen counters within 6' of the sink, wet-bar
si nks, roof outlets, garages, unfinished basenments or crawl spaces,
outdoors, near a pool, or just about anywhere el se where you're |ikely
to encounter water or danpness. There are exceptions for inaccessible
outlets, those dedicated to appliances "~ occupying fixed space'’
typically refrigerators and freezers, and for sunp punps and

| aundry appl i ances.

The NEC now requires that if your replace an outlet in a
| ocati on now requiring GFCl, you must install GFCl protection
Note in particular - kitchen and bathroom outl ets.

When using the "fixed appliance" rule for avoiding GFClI outlets,
single outlet receptacles nmust be used for single appliances,
dupl ex receptacles may be used for two appliances.

The CEC does not mandate as many GFCls. |In particular, there
is no requirenent to protect kitchen outlets, or npst garage or
basement outlets. Basenment outlets nust be protected if you
have a dirt floor, garage outlets if they' re near the door to
outside. Bathroonms and nobst exterior outlets must have GFCls,
as do pools systens and jacuzzi or whirl pool punps.

There are many rules about G-Cls with pools and so on. This
is outside of our expertise, so we're not covering it in
detail. See your inspector

VWhen replacing an outlet, it nust now be GFCl-protected if
such woul d now be required for a new installation. That is,
a kitchen outlet installed per the 1984 code need not have
been protected, but if that outlet is ever replaced, G-Cl
protection nust now be added (under NEC). This is explicit
in the 1993 NEC, and inspector-inposed i n Canada.

Even if you are not required to have GFCI protection, you may
want to consider installing it anyway. Unless you need a GFCl
breaker (see below), the cost is low. In the US., G-Cl
outlets can cost as little as US$8. (Costs are a bit higher in
Canada: C$12.) Evaluate your own risk factors. Does your

fini shed basenent ever get wet? Do you have small children?

Do you use your garage outlets to power outdoor tools? Does
wat er or nelted snow ever puddle inside your garage?

Where shouldn't | use a GFCl?
GFCls are generally not used on circuits that (a) don't pose a

safety risk, and (b) are used to power equi pnent that nust run
unattended for long periods of tinme. Refrigerators, freezers,
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and sunp punps are good exanples. The rationale is that G-Cls
are sonetinmes prone to nuisance trips. Sonme people claimthat
the inductive delay in nmotor wi ndings can cause a nonentary
current inbal ance, tripping the GFClI. Note, though, that nost
GFCl trips are real; if you're getting a lot of trips for no
apparent reason, you'd be well-advised to check your wiring
before deciding that the G-CI is broken or usel ess.

VWhat is the difference between a GFCl outlet and a G-Cl breaker?

For nmost situations, you can use either a GFCl outlet as the
first device on the circuit, or you can install a breaker with
a built-in GFCI. The forner is generally preferred, since G-Cl
breakers are quite expensive. For exanple, an ordinary GE
breaker costs ~US$5; the G-FCl nodel costs ~US$35. There is one

maj or exception: if you need to protect a ~“nmulti-wire branch
circuit'' (two or nore circuits sharing a conmon neutral wre),
such as a Canadi an-style kitchen circuit, you'll need a

mul ti-pole G-CI breaker. Unfortunately, these are expensive;
the cost can range into the hundreds of dollars, depending on
what brand of panel box you have. But if you nust protect such
a circuit (say, for a pool heater), you have no choice.

One nore caveat -- GFCl outlets are bulky. You may want to use
an oversi ze box when installing them On second thought, use

| arge (actually deep) boxes everywhere. You'll thank yourself
for it.

Incidentally, if you're installing a GFCl to ensure that one
specific outlet is protected (such as a bathroon), you don't
really have to go to all of the trouble to find the first
outlet in the circuit, you could sinply find the first outlet
in the bathroom and not GFCI anything upstreamof it. But
protecting the whole circuit is preferred.

When you install a G-Cl, it's a good idea to use the little
"ground fault protected" stickers that cone with it and mark
the outlets downstream of the GFCI. You can figure out which

outlets are "downstreant', sinply by tripping the GFCl with the
test button and see which outlets are dead.

Note that the | abels are mandatory for GFCl - protected-but-ungrounded
three prong outlets according to the NEC

What's the purpose of the ground prong on an outlet, then?

Apart fromtheir use in electronics, which we won't comment on,
and for certain fluorescent lights (they won't turn on w thout
a good ground connection), they're intended to guard agai nst
insulation failures within the device. Generally, the case of
the appliance is connected to the ground lead. |If there's an
insulation failure that shorts the hot lead to the case, the
ground | ead conducts the electricity away safely (and possibly

trips the circuit breaker in the process). |If the case is not
grounded and such a short occurs, the case is live -- and if
you touch it while you're grounded, you'll get zapped. O
course, if the circuit is G-Cl-protected, it will be a very

tiny zap -- which is why you can use G-Cls to repl ace
ungrounded outlets (both NEC and CEC)

There are sone appliances that should *never* be grounded. In
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particular, that applies to toasters and anything else with

exposed conductors. Consider: if you touch the heating

el ectrode in a toaster, and you' re not grounded, nothing wll
happen. If you're slightly grounded, you'll get a small shock
the resistance will be too high. But if the case were
grounded, and you were holding it, you' d be the perfect path to
ground. ..

Groundi ng el ectrode system

Note that full coverage of howto install a grounding el ectrode
systemis well beyond the scope of this FAQ The comrents nmde
here are primarily so that the reader understands what it is
for, and sone of its characteristics.

The groundi ng el ectrode systemis a nethod by which the neutra
and groundi ng conductors are connected to the common "earth"
reference. The connection fromthe electrical systemto the
groundi ng systemis nmade in only one place to avoid ground

| oops.

The groundi ng el ectrode systemis _not_ intended to carry nuch
current. Gound faults (le: hot to grounded case short) are
conducted down the ground wire to where it is interconnected

with the neutral and hopefully the breaker/fuse trips. The
groundi ng el ectrode does not participate in such a situation

While the conductors involved in this are relatively large, they're
sized for lightning strikes and other extrenmely short duration
events. The grounding el ectrode systemis specifically _not_
expected to have enough conductivity to trip a 15A breaker

The groundi ng el ectrode often has a noderately high

resi stance. For exanple, according to the NEC, an acceptable
ground el ectrode system may have 25 ohns of resistance - only
5A at 120V, not enough to trip a 15A breaker.

A groundi ng el ectrode systemusually consists of a prinmary
groundi ng el ectrode, plus possibly a secondary electrode. A
primary el ectrode can be (if in direct contact with the earth):
10" of ground rod. 10' of well casing or netallic water pipe
(rmust be connected within 5 of pipe entrance to house). 20

of copper wire buried in the bottomof the footings. A

secondary electrode will be required if the primary is a water
pipe or (NEC) if the primary electrode is >25 ohns to the
dirt.

Bondi ng requirenents
All "metallic systens” in a home that are capabl e of being

energi zed are required to be bonded to the grounding system
This is usually taken to nmean: netallic water supply, netallic
dr ai n-wast e-vent pipe, netal ducting, gas |lines, and sonetines
metallic structural elements (eg: netal fram ng systens).

The rationale for this is sinple: if sonehow a hot conductor contacts
a water pipe, say, you don't want every plunbing fixture in your

home to beconme live. The bonding attenpts to ensure that you have

a low resistance path to the ground system at the panel, and thence
to the neutral - ensuring that this ground fault is stopped by

a breaker or fuse tripping. Renmenber that this is independent of

the groundi ng el ectrode system s conductivity.
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Normal |y the bondi ng of nobst of these systens are done by the
equi pnent involved. Furnace ducting is grounded by the furnace
connection. Gas line grounding is done by the gas man ;-)

So we'll mainly talk about water |ine grounding here.

The NEC appears to insist that each electrically isolated section

of metallic water pipe nust be junpered together. Take particular
note that you are required to provide a junper wire that bypasses the
main water neter (especially if you're using the water supply line

as a grounding el ectrode), and a junper between hot and cold if the
wat er heater is an electrical insulator. The CEC, for exanple,

al so requires that the frame of your clothes washer is bonded to the
cold water supply pipe.

Exact details of how this bonding should be done is beyond the scope of
this FAQ It tends to be a 6ga wire running fromthe groundi ng term nal
of the panel to a convenient copper pipe. |If the water supply is used
as a grounding el ectrode, the rules beconme stricter (5 rule applies

in NEC etc.)

Testing groundi ng conductors and groundi ng el ectrodes.

Testing grounds is a tricky and sonmewhat dangerous process.
Testing for continuity is not enough. Nor is sinple resistance
testing. W will outline some possible approaches, but if
you're the slightest bit unconfortable, don't even think of
trying these procedures.

For a ground conductor to be good, the resistance nmust be
"low'. It nust al so be robust enough to withstand an overl oad
| ong enough to allow the fuse or breaker to trip. The

el ectrical code states, as a general principle, that the

resi stance of the groundi ng conductor be such that 4-5 tines
the current of the breaker rating will flow For exanple, if
your breaker is 15A, the grounding conductor's resistance
shoul d be | ow enough to permt 60-75A to flow - around 2 ohns
maxi mrum at 120V. For conparative purposes, 1000' of 1l4ga wire
is 2.5 ohns.

The difficulty in older homes is that the groundi ng conductor's
condition may be that even though the resistance is < 2 ohns, a
ground connection may bl ow out before the fuse/breaker goes,
| eaving the case of the appliance that just shorted out I|ive.

Therefore, you have to nmeasure both the resistance and it's
ability to stand up to | oad.

One sinple way to performa "real" test is dead short the hot
to ground and see if the fuse or breaker trips. This is,
unfortunately, _extrenely_ dangerous. The fuse m ght expl ode.
The breaker may nmal function. You nmay get sprayed with nolten
copper. You may start a fire. You may get electrocuted or
blinded. So don't even think of trying this.

One noderately safe approach is to connect a 100W i ghtbulb

bet ween hot and the ground you wish to test. The [anp should
light fully. |If you have a voltmeter, test the voltage between
the ground and the neutral. You should see less than 2 volts.
If the voltage is nuch higher, or the |anp dins, disconnect it
qui ckly - the ground may be overheating somewhere. The ground
shoul d be checked for poor connections.

http://www.fags.org/fags/el ectrical -wiring/partl/ 2/21/2007



Electrical

Subj ect :

Subj ect :

Wiring FAQ (Part 1 of 2) Page 19 of 22

Testing a grounding electrode is a sonewhat different matter
The codes aimfor a dirt-to-electrode resistance of 25 ohnms or
better. One noderately safe way is:

- turn off the main pane

- turn off all of the breakers

- disconnect the grounding el ectrode fromthe rest of
the system (often just a bolt in the panel)

- connect a 5A fuse between the output of one 15A breaker
and the grounding electrode. (use a 5A autonotive fuse
in a pigtail holder)

- turn on the main breaker and the single breaker connected

to the 5A fuse

if the 5A fuse bl ows, your ground is good.

Why is one prong wider than the other? Polarization

Nowadays, mnmany two-prong devi ces have one prong w der than the
other. This is so that the device could rely (not guaranteed!)
on one specific wire being neutral, and the other hot.

This is particularly advantageous in |light fixtures, where the
the shell should neutral (safety), or other devices which want to
have an approxi mate ground reference (ie: sonme radios).

Most 2-prong extension cords have wi de prongs too.

This requires that you wire your outlets and plugs the right
way around. You want the wi de prong to be neutral, and the
narrow one hot. Most outlets have a darker netal for the
hot screw, and lighter col oured screw for the neutral

If not, you can usually figure out which is which by which
prong the term nating screw connects to.

How do | convert two prong receptacles to three prong?

QO der hones frequently have two-prong receptacles instead

of the nore nmodern three. These receptacles have no safety
ground, and the cabling usually has no ground wire. Neither

the NEC or CEC permits installing new 2 prong receptacles anynore.

There are several different approaches to solving this:

1) If the wiring is done through conduit or BX, and the
conduit is continuous back to the panel, you can connect
the third prong of a new receptacle to the receptacle
box. NEC mainly - CEC frowns on this practice.

2) If there is a nmetallic cold water pipe going nearby, and
it's electrically continuous to the main house ground
poi nt, you can run a conductor to it fromthe third
prong. You MJST NOT assune that the pipe is continuous,
unl ess you can visually check the entire | ength and/or
test it. Testing grounds is tricky - see "Testing
Grounds" section.

3) Run a ground conductor back to the main panel

4) Easiest: install a GFCl receptacle. The ground | ug
shoul d not be connected to anything, but the GFCl
protection itself will serve instead. The GFCI
will also protect downstream (possibly also two prong
outlets). If you do this to protect downstream outl ets,
t he grounds nust not be connected together. Since it
woul dn't be connected to a real ground, a wiring fault
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coul d energi ze the cases of 3 prong devices connected

to other outlets. Be sure, though, that there aren't

i ndi rect ground plug connections, such as via the sheath
on BX cabl e.

The CEC permits you to replace a two prong receptacle with a three
prong if you fill the U ground with a non-conducti ng goop
Li ke caul ki ng conpound. This is not permitted in the NEC.

The NEC requires that three prong receptacles wthout ground
that are protected by GFCI nust be | abelled as such

See the next section about conputers on GFCl-protected groundl ess
outlets.
Sur ges, spikes, zaps, grounding and your electronics

Theoretically, the power com ng into your house is a perfect AC

sine wave. It is usually quite close. But occasionally, it
won't be. Lightning strikes and other events will affect the
power. These usually fall into two general categories: very

hi gh vol tage spi kes (often into 1000s of volts, but usually
only a few m croseconds in |length) or surges (longer duration
but usually much | ower voltage).

Most of your electrical equipment, notors, transforner-operated
el ectronics, lights, etc., won't even notice these one-shot
events. However, certain types of solid-state electronics,
particularly conputers with switching power supplies and MOS
sem conductors, can be damaged by these occurances. For
exanpl e, a spike can "punch a hole" through an insulating |ayer
in a MOS device (such as that several hundred dollar 386 CPU)

t hereby destroying it.

The traditional approach to protecting your electronics is to
use "surge suppressors” or "line filters". These are usually
devices that you plug in between the outlet and your

el ectroni cs.

Roughl y speaki ng, surge suppressors work by detecting

overvol tages, and shorting themout. Think of them as voltage
limters. Line filters usually use frequency-dependent
circuits (inductors, capacitors etc.) to "tune out" undesirable
spi kes - preventing them from reaching your el ectronics.

So, you shoul d consider using suppressors or filters on your
sensitive equi pnment.

These devices cone in a very wide price range. From a couple
of dollars to several hundred. W believe that you can protect
your equi pment fromthe vast mpjority of power problens by

sel ecting devices in the $20-50 range.

A word about grounding: nobst suppressors and EFlI filters
require real grounds. Any that don't are next to usel ess.

For exanpl e, npst surge suppressors use MOVs (netal oxide
varistors) to "clamp" overvoltages. Yes, you can have a
suppressor that only has a MOV between neutral and hot to
conbat differential -npde voltage excursions, but that isn't
enough. You need common-node protection too. Good suppressors
shoul d have 3 MOVs, one between each pair of wires. Wich
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means you shoul d have a good solid ground. Eg: a solidly

connected 1l4ga wire back to the panel. Not rusty BX arnour or
gal vani zed pipe with condensation turning the copper connection
gr een.

Wt hout a ground, a surge or spike is free to "lift" your

entire electronics systemwell away from ground. Wich is
i deal for blowing out interface electronics for printer ports
etc.

Secondly, static electricity is one of the major enem es of
el ectronics. Having good frame grounds is one way of
protecting agai nst static zaps.

If you're in the situation of wanting to install conputer
equi pment on two wire groundless circuits take note:

Adding a GFCl outlet to the circuit makes the circuit safe for
you. But it doesn't nake it safe for your equipnent - you need
a ground to make surge suppressors or line filters effective.

Are you sure about GFCls and ungrounded outlets?
Shoul d the test button work?

The NEC, section 210-7(d), and CEC, section 26-700(9), are quite

explicit that G-Cls are a |legal substitute for a grounded outl et

in an existing installation where there is no ground available in
t he outl et box.

But your |ocal codes nmay vary. As for the TEST button -- there's

a resistor connecting the LOAD side of the hot wire to the LINE
side of the neutral wire when you press the TEST button. Current
through this resistor shows up as an i nbal ance, and trips the G-Cl
This is a sinple, passive, and reliable test, and doesn't require

a real ground to work. If your GFCI does not trip when you press
the TEST button, it is very probably defective or mswired. Again:
if the test button doesn't work, something's broken, and potentially
dangerous. The problem should be corrected i mediately.

The instructions that come with some G-Cls specify that the ground
wi re nmust be connected. We do not know why they say this. The
causes may be as nundane as an old instruction sheet, or with the
formalities of UL or CSA listing -- perhaps the device was never
tested without the ground wire being connected. On the other hand,
UL or CSA approval should only have been granted if the device
behaves properly in *all* |isted applications, including ungrounded
outl et replacenment. (One of us called Leviton; their GFCls are

| abel ed for installation on grounded circuits only. The technician
was surprised to see that; he agreed that the NEC does not require
it, and prom sed to investigate.)
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There are reader questions on this topic!
Help others by sharing your knowledge

From clewis@erret.ocunix.on.ca (Chris Lew s)

Newsgroups: alt.hone.repair, nisc.consuners. house, rec.wodworKking,

sci.electronics. msc

Subj ect: Electrical Wring FAQ (Part 2 of 2)

Date: 12 Mar 2004 20: 28:01 GMr

Message- 1 D: <wi refaqg-2-1079123277@ erret.ocuni X. on. ca>

Reply-To: clewis@erret.ocunix.on.ca (Chris Lew s)

Summary: A series of questions and answers about house wiring

Keywords: Electrical Wring FAQ

X- Post i ng- Frequency: Posted every 14 days

X-Content-Currency: This FAQ hasn't been updated in a nunber of years,
and i s sonmewhat out of date with the last revision or two of the NEC
and CEC. W anticipate this will be changi ng soon.

Posted-By: auto-faq 3.3.1 (Perl 5.006)
Archive-nane: electrical-wiring/part2

Updat ed: WARNI NG

Thi s FAQ has not been updated or posted in a nunber of years. It
is intended that it will be updated to bring it nore into conpliance
with current code. Coments welconme at wirefaq(@ferret. ocunix.on.ca

Copyright 1991-2004
Chris Lewis and Steven Bell ovin

Redi stribution for profit, or in altered content/fornmat
prohi bited without perm ssion of the authors.

Redi stribution via printed book or CDROM expressly
prohi bited wi thout consent of the author. Any other
redi stribution nust include this copyright notice and
attribution.

The | atest FAQ can al ways be obtained from

ftp://rtfmmt. edu/ pub/usenet/ news. answers/electrical-wiring/part[1-2]

Subj ect: Howto wire 3-way and 4-way switches

http://honewiring.tripod.com

The above is a truly excellent site with pictures and very
detail ed code analysis. Warning, it's NEC-only-specific.

So, if you're outside of the USA, you will need to be careful.
For exanple, the rules for kitchens are considerably different
i n Canada.

Subj ect: What kind of outlets do | need in a kitchen?
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The NEC requires at least two 20 anp " “small appliance

circuits'' for kitchen counters. The CEC requires split-duplex
receptacles. OQutlets nust be installed such that no point is nore
than 24" (NEC) (900 nm CEC) from an outlet. Every counter w der

than 12" (NEC) or 300 mm (CEC) nust have at | east one outlet.

The circuit these outlets are on may not feed any outlets except

in the kitchen, pantry, or dining room Furthernore, these circuits
are in addition to any required for refrigerators, stoves, ncrowaves,
lighting, etc.

New rule (1996 NEC): all counter outlets nmust be G-CI protected.

(A d NEC rule for historical purposes) Non-dedicated outlets within
6' of a sink *nust* be protected by a G-CI

Split duplex receptacles are fed with a 220V circuit. The tab
is broken on the hot side of the outlet, and one hot goes to
the upper outlet, and the other hot goes to the |lower outlet.
The neutral connects to both outlets through one screw. Wen
"carrying through" to another outlet, the neutral nust be

pi gtailed, such that renoving the outlet, or having the neutra
connection fall off or burn out doesn't cause the neutral to
di sconnect from downstream outlets ("l oose neutral" problens -
see "What does it nean when the |ights brighten...").

Where nust outlets and switches be in bathroons?

There nust be at |east one outlet in each bathroom adjacent to
the sink, in addition to any outlet that nay be incorporated in
the Iight fixture. Al such outlets *must* be GFCl-protected.

The NEC says that switches may not be installed inside bathtubs
or showers. The CEC says that switches nmay not be installed
"Within reach" of bathtubs or showers (consult an inspector

if you can't nake it at |east four feet).

General outlet placenent rules/line capacities
We paraphrase CEC 26-702 (NEC. 210-52 through 210-63)

Note: In laying out receptacle outlets, consideration shall be
given to the placenment of electrical baseboards, hot air

regi sters, hot water or steamregisters, with a view of
elimnating cords having to pass over hot or conductive
surfaces wherever possible.

NEC: You're not allowed to put outlets over electric
baseboards. That, coupled with the spacing requirenents, nore
or |l ess mandates the use of baseboards with integral outlets.
Note that such outlets are fed by a different branch circuit
than the heating el enents.

2. Except as otherwi se required, receptacles shall be installed
in the finished walls of every roomor area, other than

kit chens, bathroons, hallways, |aundry roons, utility roons or
closets, so that no point along the floor Iine of any usable
wal | space is nmore than 1.8m (6') horizontally froma
receptacle in that or an adjoining space, such distance being
nmeasured along the floor line of the wall spaces involved.
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Fi xed di viders, counters, etc., are considered wall space.

Fl oor outlets do not satisfy the requirenent unless they are
““near'' the wall. |Insofar as practical, outlets should be
spaced equidistantly.

3. At least one duplex receptacle shall be provided in each
encl osed area such as a bal cony or porch that is not classified
as a finished roomor area

[ NEC doesn't seemto have this rule.]

4. The receptacles referred to in (2) and (3) shall be dupl ex
receptacles or equival ent nunber of single receptacles.

5. "Usable wall space"” is defined as any wall space 900nm (3',
NEC 2') or nore in width, not to include doorways, areas
occupi ed by a door when fully opened, w ndows which extend to
the floor, fireplaces or other pernmanent installations that
would Iinmt the use of the wall space.

6. See kitchen counter requirements. At |east one duplex
receptacle in eat-in dining area

[We don't think the latter part is in the NEC. Al so, the NEC
says that the two 20-anmp snmall| appliance circuits can't go
outside of the kitchen, dining room pantry, etc., nor can they
be used for anything else, except for things like clock
outlets, stove accessory outlets, etc.]

7. Receptacles shall not be nounted facing up in the work
surfaces or counters of the kitchen or dining area.

8. No point in a hallway within a dwelling unit shall be nore
than 4.5m (15", NEC 10') from a dupl ex receptacle as neasured
by the shortest path which the supply cord of an appliance
connected to the receptacle would follow wi thout passing

t hrough an openning fitted with a door. (vacuum cl eaner
rule).

9. At least one duplex receptacle shall be provided: in laundry
room utility roomand any unfinshed basenent area

[ NEC. see GFCl requirenents. There must be a dedicated 20 anmp
| aundry receptacle, with no other outlets, plus an additiona
unfini shed basenent receptacle. Any attic or crawl space with
heating or air conditioning equi pment nust have a receptacle.
(this is probably in the CEC too.)]

10, 11, 12, 13: See bathroom requirenents, GFCI, washing
machi ne outl et placenent.

14, 15. Qutlets shall not be placed in ironing cabinets,
cupboards, wall cabinets, nor in simlar enclosures except
where they're for specific non-heating appliances (including
nm crowave) in the enclosure.

[ NEC: No such requirenent. Are you sure Steven?]

16, 17. For each single-fanmly dwelling, at |east one dupl ex
receptacle shall be installed outdoors to be readily avail able
fromground | evel (see GFCl requirenents). Appendix B

(addi tional notes) suggests front and back outlets to be
controlled by an interior switch
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[NEC. One in front, one in back. No discussion of them being
swi t ched. ]

18. At | east one duplex receptacle shall be provided for each
car space in a garage or carport.

[NEC. For an attached garage, or detached garage with electric
service -- but there is no requirenent that detached garages
have power. This remark is probably relevant to CEC as well.]

19. For the purposes of this rule, all receptacles shall be of
t he groundi ng type, configuration 5-15R (standard 110V/ 15A 3

prong) .

20. Any receptacle that is part of a lighting fixture or
appliance that is > 1.7m (5 feet) above the floor, or in
cabi nets or cupboards, is not counted in the above rul es.

21. Where a switched duplex outlet is used in lieu of a light
outlet and fixture, the receptacle shall be considered one of
the wall mounted receptacles required here.

22. At |east one duplex receptacle shall be provided for a
central vacuum systemif the ducting is installed.

[NEC. couldn't find an equival ent rule.]

Capacities: Knight recormends no nore than 10 outlets per
circuit. Some US references talk about a limt of 12. There
appears to be a wattage/area/outlet count cal cul ati on somewhere
in the NEC. 20A circuits may have different rules.

It is open to considerabl e debate whether you should m x
general lighting and outlets on individual circuits. Knight
recommends it. Sone netters don't. | tend towards the former
for | oad bal anci ng reasons.

NEC. There's a new rule on outdoor outlets. |f exposed to the
weat her, and if used for unattended equi pment (pool filters,
outdoor lighting, etc.), the outlet must still be weatherproof

even when the device is plugged in.

VWhat is Ronmex/ NM NVD? What is BX? When should | use each?

Romex is a brand nane for a type of plastic insulated wre.
Sonetimes called non-nmetallic sheath. The formal nane is NM
This is suitable for use in dry, protected areas (ie: inside
stud walls, on the sides of joists etc.), that are not subject
to mechani cal danage or excessive heat. Mdst newer hones are
wi red al nost exclusively with NMwire. There are severa

di fferent categories of NM cabl e.

BX cable -- technically known as arnored cable or "AC' has a
flexible alum num or steel sheath over the conductors and is
fairly resistant to danage

TECK cable is AC with an additional external thernoplastic
sheat h.

Protection for cable in conceal ed | ocati ons: where NM or AC cabl e
is run through studs, joists or simlar wooden nenbers, the outer
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surface of the cable nust be kept at |east 32nm 1.25" (CEC & NEC)
fromthe edges of the wooden nenbers, or the cable should be protected
from mechanical injury. This latter protection can take the form of
metal plates (such as spare outlet box ends) or conduit.

[Note: inspector-permtted practice in Canada suggests that arnored
cable, or flexible conduit can be used as the nmechani cal protection
but this is technically illegal.]

Addi tional protection recommendations: [These are rules in the
Canadi an codes. The 1993 NEC has many changes that bring

it close to these rules. These are reasonable answers to the
vague "exposed to mechani cal damage" in both the NEC and CEC. ]

- NM cabl e shoul d be protected agai nst nmechani cal danmage
where it passes through floors or on the surface of walls
i n exposed | ocations under 5 feet fromthe fl oor
le: use AC instead, flexible conduit, wooden guards etc.

- Where cable is suspended, as in, connections to furnaces
or water heaters, the wire should be protected. Canadi an
practice is usually to install a junction or outlet
box on the wall, and use a short |length of AC cable
or NMcable in flexible conduit to "junp" to the appliance.
Stapling NMto a piece of lunber is also sonetinmes used.

- Where NM cable is run in close proximty to heating
ducts or pipe, heat transfer should be mnimzed by
means of a 25mm 1" air space, or suitable insulation
material (a wad of fiberglass).

- NM cabl e shall be supported within 300mm 1' of every box
or fitting, and at intervals of no nore than 1.5m 5’

Holes in joists or studs are consi dered "supports".

Sone slack in the cable should be provided adjacent to

each box. [while fishing cable is technically in violation,
it is permtted where "proper"” support is inpractical]

- 2 conductor NM cabl e shoul d never be stapled on edge.

[ Kni ght also insists on only one cable per staple, referring
to the "worknmanshi p" clause, but this seens nore honoured
in the breach...]

- cabl e should never be buried in plaster, cenent or
simlar finish, except were required by code [le: cable
burial with shall ow bedrock.].

- cabl e should be protected where it runs behi nd baseboards.

- Cable may not be run on the upper edge of ceiling joists
or the | ower edges of rafters where the headroomis nore
than 1m (39")

Whenever BX cable is terminated at a box with a clanp, snall

pl astic bushings nmust be inserted in the end of the cable to
prevent the clanps forcing the sharp ends of the arnor through
the insul ation.

Whenever BX cable is buried in thermal insulation, 90C
wi re should be selected, but derated in current carrying
capacity to 60C

BX is sometinmes a good idea in a work shop unl ess covered by
solid wall coverings.

In places where damage is nore likely (like on the back wall of
a garage ;-), you may be required to use conduit, a

UL- (or CSA-) approved netal pipe. You use various types of
fittings to join the pipe or provide entrance/exit for the

Wi re.
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Service entrances frequently use a plastic conduit.

In danp places (eg: buried wiring to outdoor lighting) you will
need special wire (eg: CEC NW8W0, NEC UF). NWMO0 | ooks like

very heavy-duty NMD90. You will usually need short |engths of
conduit where the wire enters/exits the ground. [See underground
Wi ring section.]

Thernopl astic sheath wire (such as NM NMWetc.) should not be
exposed to direct sunlight unless explicitly approved for that
pur pose.

Many el ectrical codes do not permt the routing of wire through
furnace ducts, including cold air return plenuns constructed

by nmetal sheeting enclosing joist spaces. The reason for this
is that if there's a fire, the ducting will spread toxic gasses
fromburning insulation very rapidly through the building.
Teflon insulated wire is pernmitted in plenuns in nmany areas.

Canada appears to use simlar wire designations to the US,
except that Canadian wi re designations usually include the
tenperature rating in Celsius. Eg: "AC90" versus "AC'.

In the US, NMB is 90 degrees celci us.

NOTE: | ocal codes vary. This is one of the itenms that changes
nost often. Eg: Chicago codes require conduit *everywhere*.
There are very different requirements for nobile hones.

Check your |ocal codes, *especially* if you' re doing anything
that's the slightest out of the ordinary.

Wre selection table (inconplete - the real tables are enornous,
unconmon wire types or applications onitted)

Condition Type CEC NEC
Exposed/ Conceal ed dry pl asti c NMD9O NM
ar nor AC90 AC
TECK90
Exposed/ Conceal ed danp pl asti c NMD90 NMVC
ar nor ACWI90
TECK90
Exposed/ Conceal ed wet pl asti c NMAU90O
ar nor ACWJ90
TECK90
Exposed to weat her pl asti c NMAU
TWetc.

ar nor TECK90

Direct earth burial/ pl astic NMAU* UF
Service entrance RWU
™
ar nor RA90
TECK90
ACWJ90
[* NMAWJ not for service entrance]

Should | use plastic or netal boxes?
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The NEC permits use of plastic boxes with non-netallic cable
only. The reasoning is sinple -- with arnored cabl e, the box
itself provides ground conductor continuity. U S. plastic
boxes don't use netal cable clanps.

The CEC is slightly different. The CEC never permits cable
arnor as a groundi ng conductor. However, you must stil
provi de ground continuity for netallic sheath. The CEC al so
requires groundi ng of any netal cable clanps on plastic boxes.

The advantage of plastic boxes is conparatively mnor even for
non-netallic sheathed cable -- you can avoid maki ng one ground
connection and they sonetines cost a little less. On the other
hand, plastic boxes are nore vulnerable to inpacts. For
exposed or shop wiring, netal boxes are probably better

Met al receptacle covers nust be grounded, even on plastic
boxes. This may be achieved by use of a switch with ground
connecti on.

Junction box positioning?

A junction box is a box used only for connecting w res together

Junction boxes nust be |ocated in such a way that they' re accessible

later. le: not buried under plaster. Excessive use of junction
boxes is often a sign of sloppy installation, and inspectors may
get nasty.

Can | install a replacenent Iight fixture?

In general, one can replace fixtures freely, subject to a few
caveats. First, of course, one should check the anperage
rating of the circuit. |If your heart is set on installing half
a dozen 500 watt floodlights, you nay need to run a new wire
back to the panel box. But there are sone nore subtle

constraints as well. For exanple, older house wiring doesn't
have hi gh-tenperature insulation. The excess heat generated by
a ceiling-munted | anp can and will cause the insulation to

deteriorate and crack, with obvious bad results. Sonme newer
fixtures are specifically marked for high tenperature wire
only. (You may find, in fact, that your ceiling wring already
has this problem in which case replacing any devices is a rea
adventure.)

O her concerns include providing a suitable ground for sone
fluorescent fixtures, and meking sure that the ceiling box and
its mounting are strong enough to support the weight of a heavy
chandelier or ceiling fan. You nmay need to install a new box
specifically listed for this purpose. A 2x4 across the ceiling
joists nmakes a good support. Metal brackets are also avail able
that can be fished into ceilings thru the junction box hole and
nmount ed between the joists.

There are special rules for recessed |ight fixtures such as
"pot" lanps or heat |anps. Wen these are installed in

insul ated ceilings, they can present a very substantial fire
hazard. The CEC provides for the installation of pot lanps in
insul ated ceilings, provided that the fixture is boxed in a
"coffin" (usually 8" x16"x12" - nmade by making a pair of joists
12" high, and covering with plywod) that doesn't have any
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insulation. (Yes, that's 8 *feet* |ong)

NEC rul es are sonmewhat |ess stringent. They require at |east
3" clearance between the fixture and any sort of thernal

i nsulation. The rules also say that one should not obstruct
free air novenment, which nmeans that a CEC-style "~ “coffin'

m ght be worthwhile. Presumably, that's up to the |oca

i nspector. [The CEC doesn't actually nandate the coffin
per-se, this seens to be an inspector requirenment to nake
absolutely certain that the fixture can't get accidentally
buried in insulation. 1le: if you have insulation blown in
later.]

There are now fixtures that contain integral thermal cutouts
and fairly large cases that can be buried directly in
insulation. They are usually limted to 75 watt bul bs, and are
unfortunately, sonewhat nore expensive than the ol der types.
Before you use them you should ensure that they have explicit
UL or CSA approval for such uses. Follow the installation

i nstructions carefully; the prescribed |location for the sensor
can vary.

There does not yet appear to be a heat lanp fixture that is
approved for use in insulation. The "coffin" appears the only
| egal approach

Noi sy fluorescent fixtures, what do | do?

Many fluorescent fixtures tend to buzz, objectionably so when used in
residential (rather than warehouse or industrial) situations. This
tends to be the result of magnetic/physical resonances at the

(low) frequencies that standard fixture ballasts operate. You

can elimnate this problemby switching to electronic ballasts,

whi ch operate at a higher (inaudible) frequency. Unfortunately,
these are quite expensive.

Noi sy lights with di mer swi tches, what do | do?

Oten, after installing a dinmer switch, or replacing bulbs controlled
by a dimer, you'll start hearing objectionable buzzing or hunmm ng
fromthe bulb. Sonetinmes it even interferes with tel evisions or radios.

Alittle theory first. The voltage on the wiring in your house | ooks
like this - a sine wave (forgive the lousy ASCII graphics ;-):

~ +160V

~ -160V

Most di mrers work by having a solid-state switch called a triac

in series with the Iight bulb. Wenever the voltage passes through
zero (it does this 120 times per second), the triac turns itself off.
The control circuitry in the di mrer provides an adjustabl e del ay
before the triac turns back on. So, the resulting wave form | ooks
like this:

~ +160V
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~ -160V

As you can see, by varying the turn-on point, the amunt of
power getting to the bulb is adjustable, and hence the |ight
out put can be controlled. Voila, a di mer!

This is where it gets interesting. Note the sharp corners.
According to the Nyquist theorem those corners effectively
consi st of 60Hz plus varying anounts of other frequencies that
are multiples of 60Hz. In sone cases up to 1Mhz and nore. The
wWiring in your house acts as an antenna and essentially
broadcasts it into the air. Hence TVs and radi os can be
effected. This is called EM (El ectromagnetic Interference).

As far as the bulbs are concerned, a bulb consists of a series

of supports and, essentially, fine coils of wre. VWhen you
run current through a coil, it becones a magnet right? |If
there's any other nmetal nearby, it'll nove. Just like a

sol enoid. Further, when the anobunt of current flow abruptly
changes the magneti sm change can be nuch stronger than it is on
a sinple sine wave. Hence, the filanments of the bulb will tend
to vibrate nore with a di mmer chopping up the wave form and
when the filanments vibrate against their support posts, you
will get a buzz.

Worse, some dimmers only do hal f-wave switching, such that the
one half of the chopped wave formw Il be absent. Which nmeans
that the current flow during the present half will have to be
nmuch stronger to produce the same anmpunt of light - nore EM
and nore tendency to buzz.

Sol ving buzzing problens: |f you have buzzing, it's always
worth trying to replace the bulb with a different brand. Sone
cheap bul b brands have inadequate filanent support, and sinply
changing to a different brand may help. Try "rough service" or
"farm service" bulbs. They're usually nmuch stronger and better
support ed.

Chance are, however, that switching bul bs won't nmake that much
of a difference. Perhaps the buzzing will go away at sone
di mer settings, but not at all

Buzzi ng bul bs are usually a sign of a "cheap"” dinmer. Di mrers
are supposed to have filters in them The filter's job is to
"round of f" the sharp corners in the chopped waveform thereby
reducing EM, and the abrupt current junps that can cause
buzzing. In cheap dinmers, they've econom zed on the

manuf acturing costs by cost-reducing the filtering, nmaking it

| ess effective. Perhaps the dimer will be okay at sone
settings, but not others. O be very picky about what bulbs to
use.

It is our belief that most buzzing problems can be traced down
to cheap (<%$15 di nmers), and nost effectively solved by going
to md-range ($25-$35) dimers fromrespected conpani es, such
as Leviton. One of the authors of this FAQ after |earning
this lesson, will still use $.89 outlets, but insists on better
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dimers. By all nmeans, try a different bulb first. You may
get lucky. |If not, it's tinme to swap di nmers.

If you have EM problems, it's alnost certain to be a cheap
di nmer .

What does it nmean when the lights brighten when a notor starts?

This usually nmeans that the neutral wire in the panel is

| oose. Depending on the | oad bal ance, one hot wire may end up
bei ng more than 110V, and the other |ess than 110V, with
respect to ground. This is a very hazardous situation - it can
destroy your electronic equi pnment, possibly start fires, and in
some situations electrocute you (ie: sonme US jurisdictions
require the stove franme connected to neutral).

If this happens, contact your electrical authority inmediately
and have them cone and check out the problem |If you say "l oose
neutral", they will cone.

Note: a brief (< 1 second) brightening is sonmetinmes normal with
lighting and notors on the sane 220V with neutral circuit. A

| oose mai n panel neutral wll usually show increased brightness
far | onger than one second. In case of doubt, get help

What is 3 phase power? Should | use it? Can | get it in nmy house?

Three phase power has three "hot" wires, 120 degrees out of

phase with each other. These are usually used for |arge notors
because it is nore "efficient”, provides a bit nore starting torque,
and because the notors are sinpler and hence cheaper

You' re nost |likely to encounter a 3 phase circuit that shows

110 volts between any hot and ground, and 208 volts between

any two hots. The latter shows the difference between a nornal
220V/ 110V common neutral circuit, which is 240 volts between the
two hots. There are 3 phase circuits with different voltages.

Bringing in a 3 phase feed to your house is usually

ridicul ously expensive, or inpossible. If the equipment you
want to run has a standard notor nount, it is *MJCH* cheaper to
buy a new 110V or 220V notor for it. In sone cases it is

possible to run 3 phase equi pnment on ordinary power if you have
a "capacitor start" unit, or use a larger notor as a
(auto-)generator. These are tricky, but are a good solution if
the nmotor is non-standard size, or too expensive or too big to
repl ace. The Taunton Press book "~ The Small Shop'' has an
article on howto do this if you nust.

Note that you | ose any possible electrical efficiency by using
such a converter. The |laws of thernodynan cs guarantee that.
Is it better to run notors at 110 or 2207

Theoretically, it doesn't nmake any difference. However, there
is adifference is the anmount of power lost in the supply

wiring. Al things being equal, a 110V notor will |ose 4 tines
nore power in the house wiring than a 220V notor. This also
means that the startup surge loss will be less, and the notor
will get to speed quicker with 220V. And in sone circunstances,
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the smaller power loss will lead to |longer notor life

This is usually irrelevant unless the supply wires are nore
than 50 feet |ong.

VWhat is this nonsense about 3HP on 110V 15A circuits?

It is a universal physical lawthat 1 HP is equal to 746

watts. G ven heating | oss, power factor and other inefficiencies,

it is usually best to consider 1 HP is going to need 1000-1200

watts. A 110V 15A circuit can only deliver 1850 watts to a notor,
so it cannot possibly be nore than approximately 2 HP. G ven rationa

efficiency factors, 1.5HP is nore like it.

Some equi prrent manufacturers (Sears in particular, nost router
manuf acturers in general ;-) advertise a HP rating that is far
in excess of what is possible. They are giving you a "stal
horsepower"” or simlar. That neans the power is nmeasured when
the notor is just about to stop turning because of the | oad.

What they don't mention is that if you kept it in that

condition for nore than a few seconds your notor will nmelt - the
notor is drawing far nore current than its continuous rating.

VWhen conparing notors, conpare the continuous horsepower. This

shoul d be on the notor nanmeplate. If you can't find that figure,

check the anperage rating, which is always present.

How should | wire my shop?

As with any other kind of wiring, you need enough power for al
devices that will be on sinultaneously. The code specifies
that you should stay under 80% of the nom nal capacity of the
circuit. For typical home shop use, this means one circuit for
the maj or power tools, and possibly one for a dust collector or
shop vac. Use at |east 12 gauge wire -- nmany power tools have
big nmotors, with a big start-up surge. |If you can, use 20 anp
breakers (NEC), though CEC requires standard 20A receptacl es
whi ch neans you'd have to "replug" all your equipnment. Lights
shoul d either be on a circuit of their own -- and not shared
with circuits in the rest of the house -- or be on at |east two
separate circuits. The idea is that you want to avoid a
situation where a blade is still spinning at several thousand
RPM while you're groping in the dark for the OFF switch

Do install lots of outlets. It's easier to install themin the
begi nni ng, when you don't have to cut into an existing cable.
It's useful if at least two circuits are accessible at each

poi nt, so you can run a shop vac or a conpressor at the sane
time as the tool you really want. But use netal boxes and

pl ates, and maybe even netal - sheat hed cable; you may have

obj ects flying around at hi gh speeds if sonething goes a bit

wr ong.

Not e that sone jurisdictions have a "no horizontal wring"
rule in workshops or other unfinished areas that are used
for working. What this nmeans is that all wiring nmust be
run along structural nmenbers. le: stapled to studs.

Ot her possible shop circuits include heater circuits, 220V
circuits for some large tools, and air conpressor circuits.
Don't overload circuits, and don't use extension cords if you
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can help it, unless they're rated for high currents. (A coiled
extension cord is not as safe as a straight length of wire of
the same gauge. Also, the insulation won't withstand as much
heat, and heat dissipation is the critical issue.)

If your shop is |ocated at sone renove from your nain panel
you shoul d probably install a subpanel, and derive your shop

wiring fromit. |[If you have young children, you nmay want to
equip this panel with a cut-off switch, and possibly a | ock
If you want to install individual switches to "~ safe'

particular circuits, nake sure you get ones rated high enough
For exanple, ordinary light switches are not safely able to
handl e the start-up surge generated by a table saw. Buy
““horsepower-rated'' swtches instead

Finally, note that nost honme shops are in garages or unfinished
basements; hence the NEC requirenents for G-Cls apply. And
even if you "~ “know ' that you'd never use one of your shop
outlets to run a | awmn nower, the next owner of your house m ght
have a different idea.

Not e: Fi ne Whodwor ki ng nmagazi ne often carries articles on shop
wiring. April 1992 is one place to start.

Door bel | / t el ephone/ cabl e other service w ring hints.

Auxi liary services, such as cable, tel ephone, doorbell, furnace
control circuits etc. are generally considered to be "class 2"
wiring by both the CEC and NEC.

VWhat this generally means is:

1) class 2 and house power should not share conduit or
term nati on boxes.

2) class 2 and house power should be 12" apart in walls
except where necessary.

3) cross-over should be at 90 degrees.

Wil e the above may not be strictly necessary to the code, it

i s advant ageous anyways - paralleling house power beside tel ephone
lines tends to induce huminto the telephone. O could interfere
with fancier furnace control systens.

Wth tel ephone wiring, twisted pair can alleviate these probl ens,
and there are new cable types that conmbine nultiple services into
one sheath. Consult your inspector if you really want to violate
t he above recomrendati ons.

Under ground Wring

You will need to prepare a trench to specifications, use

special wire, protect the wire with conduit or special plastic
tubi ng and possibly lunber (don't use creosoted lunber, it rots
thernopl astic insulation and acts as a catalyst in the corrosion
of lead). The transition fromin-house to underground wire is
generally via conduit. All outdoor boxes must be specifically
listed for the purpose, and contain the appropriate gaskets,
fittings, etc. |If the location of the box is subject to i Mmersion
in water, a nore serious style of water-proof box is needed. And
of course, don't forget the G-Cls.
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The required depths and other details vary fromjurisdiction to
jurisdiction, so we suggest you consult your inspector about
your specific situation.

A hint: buy a roll of bright yellow tape that says "buried power
line" and bury it a few inches above where the wire has been pl aced.

Al um num wi ri ng

During the 1970's, alum num (instead of copper) wring becane

qui te popul ar and was extensively used. Since that tine,
alumi num wi ring has been inplicated in a nunber of house fires,

and nost jurisdictions no |longer permt it in newinstallations.

We recommend, even if you're allowed to, that do not use it for new
Wi ring.

But don't panic if your house has alum numw ring. Al um num

Wi ring, when properly installed, can be just as safe as copper.
Alumi numwiring is, however, very unforgiving of inproper
installation. W will cover a bit of the theory behind potentia
probl ems, and what you can do to meke your wiring safe

The main problemwith alumnumw ring is a phenonenon known as

"cold creep". Wien alumnumw ring warms up, it expands. \When

it cools down, it contracts. Unlike copper, when al um num goes
through a nunber of warm cool cycles it loses a bit of tightness each
time. To nmake the problem worse, al um num oxidi ses, or corrodes

when in contact with certain types of nmetal, so the resistance

of the connection goes up. Wiich causes it to heat up and corrode/
oxidize still nmore. Eventually the wire may start getting very hot,
melt the insulation or fixture it's attached to, and possibly even
cause a fire.

Si nce people usually encounter alum num wi ring when they nove
into a house built during the 70's, we will cover basic points
of safe alum numw ring. W suggest that, if you're

consi dering purchasing a honme with alum numwi ring, or have

di scovered it later, that you hire a licensed electrician or

i nspector to check over the wiring for the foll ow ng things:

1) Fixtures (eg: outlets and switches) directly attached to
alum numwiring should be rated for it. The device wll
be stanped with "Al/Cu" or "CO ALR'. The latter supersedes
the former, but both are safe. These fixtures are somewhat
nor e expensive than the ordi nary ones.

2) Wres should be properly connected (at |east 3/4 way around
the screw in a clockw se direction). Connections should be
tight. While repeated tightening of the screws can nmake the
probl em worse, during the inspection it would pay off to snug
up each connecti on.

Note that aluminumwring is still often used for the
mai n service entrance cable. It should be inspected.

3) "push-in" termnals are an extrenme hazard with alumi numwre
Any connections using push-in termnals should be redone with
the proper screw connections inmediately.

4) There should be no signs of overheating: darkened connecti ons,
mel ted insul ation, or "baked" fixtures. Any such danmage shoul d
be repaired.
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5) Connections between al um num and copper wire need to be
handl ed specially. Current Canadi an codes require that the
connectors used nust be specially marked for connecting
alumi numto copper. The NEC requires that the wire be
connected together using special crinp devices, with an
anti-oxidant grease. The tools and materials for the latter
are quite expensive - not practical to do it yourself unless
you can rent the tool

[Note that regul ations are changing rapidly in this area.
Suggest that you discuss any work with an inspector if you're
going to do nore than one or two connections.]

6) Any non-rated receptacle can be connected to al umi num wiring
by nmeans of a short copper "pigtail”. See (5) above.

7) Shows reasonabl e wor kmanshi p: neat wiring, properly stripped
(not nicked) wire etc.

I f, when considering purchasing a honme, an inspection of the wiring
shows no problens or only one or two, we believe that you can consi der
the wiring safe. |If there are signs of problens in many pl aces,

we suggest you | ook el sewhere. |If the wong receptacles are used,

you can replace themw th the proper type, or use pigtails - having
this professionally done can range from $3 to $10 per receptacl e/
switch. You can do this yourself too.

There's a useful article at http://inspect-ny.confal uni num htm

"' m buying a house! What should | do?
Congratul ations. But... |It's generally a good idea to hire
an inspector to | ook through the house for hidden gotchas.
Not just for wiring, but plunbing and structural as well. |If an

i nspection of the wiring shows no problens or only one or two mnor
ones, we believe that you can consider the wiring safe (after any
m nor problens are fixed). |If there are signs of problens in many
pl aces, we suggest you | ook el sewhere.

Here's sone hints on what to | ook for
Cbvi ous non-code wiring can include:

- Zip cord wiring, either concealed or nailed to walls

- Hot wiring on the identified (neutral) conductor w thout
proper marKking.

- Ungrounded groundi ng outlets (except when downstream of
a GFA)

- Splices hanging in md-air (other than proper knob-and-tube)

- Switched neutrals

- Unsecured Romex sw ngi ng about |ike grapevi nes

Certain wiring practices that are actually to code (or were at one
time) sonetines reveal DY wiring that nmay have hi dden viol ati ons:

- Switches that seemto control nothing (abandoned, perhaps
not properly term nated wiring)

- Awall switch that controls things that you think it
shoul dn't, for instance nysteriously renoving power
fromlights or outlets in other roons.

- Switches and outlets in bizarre |ocations
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- Great nunmbers of junction boxes w thout outlets or |anps

- Junction boxes with great nunbers of wires going into them

- Wring that passes through a closet instead of a wall or
ceiling

- Backw apped grounding wires (ground wi re wapped around
the incom ng cable insulation outside the box).

- A breaker or fuse for outside wiring that is near the bottom
of the breaker panel or in an add-on fusebox. The outdoor
Wi ring may have been honeowner-installed after the house was
built, and was not buried deep enough or was done with the
wrong kind of wire - if the wire is visible, check for "UF"
or "NMW marKi ngs.

VWhat is this weird stuff? Od style wiring

In the years since Edison "invented" electricity, several different
wiring "styles" have cone and gone. Wen you buy an ol der honme you
may encounter sone of this stuff. This section describes the old
nmet hods, and sone of their idiosyncrasies.

The ol dest wiring systemyou're likely to encounter is called

"knob and tube" (K&T). It is nmade up of individual conductors with
a cloth insulation. The wires are run along side structura

menbers (eg: joists or studs) using ceram c stand-offs (knobs).
Wre is run through structural nenbers using ceram c tubes. Connections
were made by twisting the wire together, soldering, and w apping
with tape. Since the hot and neutral were run separately,

the wiring tends to be rather confusing. A neutral often runs

down the centre of each room with "taps" off to each fixture.

The hot wire tended to run fromone fixture to the next. In sone
cases K&T isn't col our-coded, so the neutral is often the same

col our as the hot wires.

You'll see K&T in honmes built as |ate as the 40's.

Coments on K&T:

the people installing K&T were pretty paranoid about

electricity, so the workmanship tends to be pretty good.

- The wire, insulation and insulators tend to stand up
very well. Most K&T |I've seen, for exanple, is in
qui te good condition.

- No grounding. Gounding is usually difficult to install.

- boxes are small. Receptacle replacenent (particularly with
GFCl) can be difficult. No bushing on boxes either
so W ring changes need special attention to box entry.

- Sonetinmes the neutral isn't balanced very well between
separately hot circuits, so it is sometinmes possible to
over|l oad the neutral w thout exceeding the fusing on
any circuit.

- In DC days it was common to fuse both sides, and no
harm was done. In fact, it was probably a Good Thing.
The practise apparently carried over to K&T where
you may find fused neutrals. This is a very bad
t hi ng.

- Building code does not usually permt insulation in
wal s or ceilings that contains K&T. Sonme jurisdictions
will allow it under some circunmstances (eg: engineer's
certificate).

- Connection to existing K&T fromnew circuits can be
tricky. Consult your inspector.

- Modern wiring practice requires considerably nore
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outlets to be installed than K&T systens did.

Since K&T tends to be in pretty decent condition it generally
isn't necessary to replace it sinply because it's K&T. What
you should watch out for is renovations that have interfered
with it and be cautious about circuit loading. In many cases
it's perfectly reasonable to | eave existing K&T al one, and add
new fixtures on new circuits using nodern techni ques.

After K&T, they invented nulti-conductor cable. The first type
you will see is roughly a cloth and varnish insulation. It

| ooks much like the romex cable of the |ast decade or two.

This stuff was used in the 40's and 50's. Again, no grounding
conductor. It was installed nuch |like nodern wiring. |Its
maj or drawback is that this type of insulation enbrittles.

We' ve seen whol e systens where the insulation would fracture
and fall off at a touch. BX cable of the sane vintage has
simlar problens. It is possible for the hot conductor to
short out to the cable jacket. Since the jacket is rusted, it
no | onger presents a |l ow resistance return path for the current
flow, but rather nore acts |ike a resistance heater. In
extrene cases the cable jacket will become red hot wi thout

bl owi ng the fuse or circuit breaker. The best thing to do with
old style BX is to replace it with nodern cable whenever it's
encountered and there's any hint of the sheath rusting.

This stuff is very fragile, and becones rather hazardous if the
Wi res becone bare. This wiring should be |eft untouched as
much as possi ble - whenever an opportunity arises, replace it.
A sinmple receptacle or switch replacenent can turn into a
several hour long frustrating fight with electrical tape or
heat - shri nk tubing.

After this wiring technique, the nore nodern romex was
invented. |It's alnobst a asphalt inpregnated cloth. Oten a
bit sticky. This stuff stands up reasonably well and doesn't
present a hazard and is reasonably easy to work with. It does
not need to be replaced - it should be considered as safe as
the "modern" stuff - thernmoplastic insulation wire. Just don't
abuse it too much.

Subj ect: Where do | buy stuff?

Try to find a proper electrical supply outlet near you. Their

prices will often be considerably better than chain hardware stores or
DIY centres, have better quality materials, have wi der variety

i ncluding the "odd" stuff, and have peopl e behind the counter that
know what you're talking about. Cultivate friendly know edgeabl e

sal es people. They'Il give you much val uabl e information.

Subj ect: Copper wire characteristics table

These are taken fromthe Amateur Radi o Rel ay Handbook, 1985.

AWG dia circ open cable ft/lb ohns/
mils mls air A Anp bar e 1000’

10 101.9 10380 55 33 31.82 1.018

12 80.8 6530 41 23 50. 59 1.619
14 64.1 4107 32 17 80. 44 2.575
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We don't show specs for 8ga or |arger because they're
usual Iy stranded.

MIls are .001". "open air A" is a continuous rating for

a single conductor with insulation in open air. "cable anp"
is for in multiple conductor cables. Disregard the anperage
rati ngs for househol d use.

To cal cul ate voltage drop, plug in the val ues:

V = DI R/ 1000’
VWhere | is the amperage, R is fromthe ohms/1000' col umm
above, and D is the total distance the current travels (don't
forget to add the length of the neutral and hot together - ie:

usual |y double cable Iength). Design rules in the CEC cal
for a maxi mum voltage drop of 6% (7V on 120V circuit)

Subj ect: Snoke detector guidelines

Many (nost?) buil ding codes now require the installation of
snmoke detectors in honmes. |In fact, this has been nmade
retroactive in many municipalities.

There are many different types of snoke detectors. |onization
photo-cell, battery-powered, AC-powered etc. The only thing
we're concerned with here, is AC versus battery powered, other
than to coment that nost building codes are based around

i oni zation detectors, photocell units being usually for

somewhat nore specialized purposes. All things being equal, in
a residential setting with the "ordinary fire", an ionization
detector will detect snoke before a photo-cell will - indeed,

in some fires, the snoke is alnpbst invisible, and less |ikely
to trip a photo-cell

There is another type of fire detectors - "heat detectors".

These work usually by a small piece of special netal nelting at

110F or so. These are nuch better at avoiding false trips.

But they usually take nmuch longer to trip than a snoke detector, and
shoul d usually only be considered for triggering sprinkler

devi ces (where the consequences of a false trip are quite

severe). Heat detectors should not be used as prinmary fire

det ection.

Most buil di ng codes that mandate detectors mandat ed AC-powered
ones for new construction. This is because the statistics show
that, in houses equi pped with snoke detectors, a | ot nore
people were getting killed in houses with battery-only
detectors that had dead batteries than were getting killed in
houses where the breakers tripped and killed an AC-only
detector. |It's also worth noting that sone battery detectors
are quite sensitive about battery condition. Sone even refuse
to work if the battery is zinc-carbon (standard cheap battery)

i nstead of al kaline (nore expensive).

Qur building code discourages the installation of snpke

detectors on circuits used for other purposes. This neans that
only a main-panel breaker trip can kill the detectors. A

mai n-panel trip is unlikely even in a fire started by an
electrical fault until well after the fire has really engulfed the
hone.
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These codes also usually require that the AC detectors be

i nterconnected so that if one triggers, they all sound the
alarm This is usually done by an additional wi re between the
units.

The above suggests that the best way of doing things is to have
one circuit dedicated for snoke detectors, and you run 14-3

bet ween each of the detectors - the red wire being the "gang
trip" control

If you're still concerned about |osing power and thereby | osing
your detectors, we suggest either the use of detectors that run
of f AC power with battery backup, OR, adding battery detectors
into a systemthat's already adequately covered with AC detectors.

Battery-only detectors should only be considered a stopgap
measure in putting detectors into a house that doesn't have any
detectors at all, or adding redundancy into a systemthat already
has AC detectors.

We al so suggest that, if you have battery detectors, you nake
changing the battery a yearly (or sem -yearly) schedul ed event.
Some peopl e change the batteries on their birthdays. Ohers
change the batteries during a "daylight/standard tine change”
maei nt enance pass.

In Canada, the day before the standard/daylight tine change
(a Saturday) now seens to be officially called "snoke detector
battery day" ;-)

We don't recommend waiting for the detector to tell you that the
battery is dead, unless you manually test the detector nonthly.

O her |inks
http://ww. epanoranma. net/wire mains. ht

http://ww. fatti.conf guests/engdahl/wiring. htm
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