
Old wiring can be a mystery. Testing electrical wiring is essential before old circuits
are removed, or outdated receptacles or light fixtures are replaced. This long-unused
circuit was still hot. Testers like this one are inexpensive (for more, see p. 115).

H 
e died. No joke. He was standing
outside the house, next to a slab
where the air-conditioning com-

pressor sat. He wasn't there to fix the com-
pressor, just to paint some trim. Despite an
internal short, the compressor worked just
fine. But an additive in the concrete had cor-
roded conduit running through the slab, so
the compressor was no longer grounded.
When the painter touched the compressor,
120v ran through him to ground.

Mostly, it's 120v, ordinary household cur-
rent, that kills people—not high-tension

wires, not industrial power. In 1991, close to
40% of all single-family homes in the Unit-
ed States had been built before 1940, accord-
ing to the National Association of Home
Builders. Assuming the work was done to
code, these houses were wired with a version
of the National Electrical Code at least 24
editions behind the current standard, with
methods and materials equally antiquated.
Forty years is long enough for equipment to
deteriorate, and plenty long enough for per-
son after person to have made misguided at-
tempts to update the wiring.

When working in and around an older
house, any one of these factors is reason
enough to look carefully for electrical haz-
ards. Moving walls, replacing light fixtures
and updating receptacles all bring builders
and remodelers face to face with potential
wiring problems. I've been an electrical con-
tractor for nearly 20 years, and been certified
as an inspector and plan reviewer for more
than ten years. So I've done a good deal of
troubleshooting on old wiring. If safe prac-
tices could be distilled into a few rules of
thumb (and there are risks in trying to over-
simplify this), my list would include these
three: Learn how to test circuits correctly;
make no assumptions about wiring without
testing; and know when to back off and get
the help of a qualified electrician familiar
with old wiring.

Start with a basic kit of
testing tools
The electrician is coming tomorrow to redo
things, and meanwhile, the carpenter has
this wall between bedrooms to remove. At
the main panel box, all circuits are on except
for the one that's marked "Bedrooms." Wall
switches are on, and the outlet at the end
of the cable in the wall is dead. Can he cut
the line to get it out of the way? Should be
safe. Zap!

If an outlet is dead, it does not mean that
the outlet's box is dead or that a cable ap-
pearing to lead to the box is dead. It's dan-
gerous to assume that the outlet represents
everything in the box. Or that the black wire
is hot and the white is neutral, as is most
commonly the case. Nor can you assume that
the lack of a ground wire means that a box is
not grounded, or that the presence of a bare
wire means that it is grounded. In short, you
can bank on nothing.

For purposes of working safely, all you real-
ly have to do is test for voltage in a circuit
that you're about to work on. The basic tool
kit is simple. It should consist of some kind
of measuring device (photos p. 115) and a
good extension cord that can be plugged in-
to an outlet you know to be working. That's
not a big tool kit, but then the most impor-
tant tool used in testing is your brain.

You can use a multimeter; an electrician's
solenoidal voltmeter, which buzzes or vi-
brates as its needle moves; or a simple glow-
light two-prong tester. Screwdriver-type
voltage testers (not pictured here) are readi-
ly available, but a tester with two leads is far
more useful. Plug-in outlet testers, which are
designed to troubleshoot wiring problems,
also can be useful. But I have seen false diag-
noses, so I now trust only plug-in testers



C H E C K I N G FOR POWER IN A SUSPECT RECEPTACLE
Wiring problems in electrical equipment like a receptacle can prove hazardous or even fatal to the unwary.

Before checking the outlet, test an extension cord that will be used as a reference.

With the reference
extension cord plugged
into an outlet known to
be wired correctly, your
tester should detect
power between the hot
and neutral slots.

Your tester also should
detect power between
the hot leg and the
ground (if not, either the
tester or the extension
cord is faulty).

At the outlet you are
checking, the tester should
show power between the hot
leg of the cord and both the
cover mounting screw and
the ground slot.

If the tester does not indicate
power, the outlet is not
grounded properly.

There should be
power between the
neutral leg of the
reference cord and
the hot legs of the
outlet you are
testing.

If not, the outlet is unpowered or
polarity has been reversed.

There should be
power between
the ground of
the reference cord
and the hot legs
of the test outlet.

You also should
get power between
the hot leg of the
reference cord and
the neutral legs of
the outlet.

If not, the outlet is unpowered or
polarity has been reversed.

If not, the return could be interrupted by a switch
(a code and safety violation) or a bad connection
caused by corrosion, a vibration-loosened screw
or splice, or a mechanical failure.

when they say an outlet is wired correctly.
When using any kind of a tester, remember
to keep your fingers off the metal of the
tester's leads (photo p. 114). Touch only in-
sulated parts, and be careful not to draw an
arc by inadvertently touching a lead to an-
other metal part (the box, for instance).

In preparation for testing, you will need to
find a reference outlet that is properly polar-
ized and grounded. Next you need a polar-
ized extension cord, indispensable because it
helps you to avoid reversing the hot and neu-
tral legs at ungrounded outlets. It will have

one wide slot and one narrow slot on the end
where you plug in a tool (drawings above).
The narrow slot is connected to the hot side
of the circuit (most commonly, a black wire
in modern electrical cable); the wide slot is
connected to the neutral leg of the circuit
(which should be a white wire). Once tested,
a polarized extension cord provides a known
hot reference and a known neutral, or return,
reference. A polarized extension cord may or
may not have a ground prong. If it does, be
sure to have a three-prong adapter on hand
so that you can insert your three-prong ex-

tension cord at a convenient grounded out-
let, even if the receptacle at that outlet is the
two-prong type.

You'll want to know that either its round
hole is definitely the ground or that its long
slot is definitely the neutral. You can do this
test by putting one lead of the tester in the
short slot (this one should be the hot side)
and the other lead in either the long slot
(this one should be the neutral side) or the
smaller grounding hole. You should get a
120v reading (if you're using a simple two-
lead glow tester, the bulb should light up). If



Keep your fingers off the metal. When testing
receptacles or light fixtures, keep fingers on
the insulated portion of the probes, and make
sure the metal end of the probe does not inad-
vertently create an arc between a hot lead and
a metal electrical box.

there is a sign of power between the ground
hole and the long slot (the neutral side), then
something is wrong.

Don't make dangerous assumptions
about a circuit. Test it thoroughly.
Before working on a circuit or box, and cer-
tainly before cutting any cables, thorough
testing is a must. And the first step is always
to test your testing device. Electricians are,
or at least used to be, taught to operate as
though they were always working live—just
in case their testers misled them or if some-
one threw power back on while they were
working. (OSHA, by the way, requires that
you lock the breaker off or attach a tag any-
time you are working on a circuit.) Don't
take chances. Each time you are ready to
start work, stick the tester in an outlet that is
known to be working, and make sure the
tester does what it's supposed to.

Let's suppose you want to test a receptacle.
Start by testing for a voltage difference be-
tween the two slots—that is, insert one lead
from the tester in each slot.

Suppose the receptacle seems dead. You
still don't know whether the lack of voltage is
because the hot side is dead or because the
return path is broken (these are the two most
likely possibilities). Your voltmeter can give
you all zero readings if the outlet is not
grounded and the same 120v is present at

both slots of the receptacle. That's because
the meter is checking for the difference in
electrical potential between the two sides of
a circuit. If both legs have been incorrectly
wired so that they are hot, there may be no
difference and therefore no reading on the
tester. In such a case, the wiring is live even if
the tester says it isn't.

This point is where your extension cord
comes in. Plug the cord into a correctly
wired outlet and double-check that the cord
is in good condition.

Now test the suspect outlet with the exten-
sion cord. Test from slot to slot and then
from each slot to the cover-plate screws
(drawings p. 113). Move your tester leads
around in the slots; if the metal inside the re-
ceptacle has lost its springiness, it might not
make good contact if you just stick a lead in
straight. Scrape screws or other metal before
testing. Paint or corrosion also can interfere
with contact.

If you are testing a lighting fixture with a
standard screw-shell lamp holder, touch one
lead to the center contact where the base of
the bulb hits and one to the shell, the part
with threads for the base of the bulb. Then
test between each of these and the canopy
(the metal base that goes over the box) or the
mounting screws, and then between each of
them and each slot of the reference extension
cord. If the lighting fixture is supposed to be

dead and you find voltage between the refer-
ence ground or the reference neutral and
anything on the light you're testing, it's live.
Back off.

If there is 120v between your reference hot
and the light's mounting screw or canopy,
there's a working ground. If there's signifi-
cantly less than 120v between the reference
hot and any of them, the light may have a
poor or unreliable ground. If there's 120v be-
tween your reference hot and a lamp-holder
screw shell, you've established the presence
of a neutral.

Check inside the box for loose or
damaged wires
Now is the time, if you feel safe proceeding
further, to go into the box. This is more dan-
gerous than working from the outside. By
opening the box, and even more by working
inside it, you will be stressing the wires. Bad
connections may spring apart, and if wires
are live, they may arc or shock. Bad insula-
tion may fall apart, allowing unintended
contact; fragile wires may break.

Once you're in the box, look for wires that
are not connected to the contacts you have
tested and probe them. Test them against
your extension-cord reference. Use the same
procedure for testing wires inside electrical
boxes that don't seem to be in use, such as
old ceiling boxes (photo p. 112). If every-
thing seems dead, there is one additional, fi-
nal step to be sure. Most testers have points
on the end of each lead, and old wire insula-
tion is not tough. It is often possible to work
the points of the tester through that old in-
sulation. Probe each wire through its insula-
tion near where it enters the box from its ca-
ble or conduit, and compare it with your
cord reference. This way, you can address the
rare possibility that a wire was broken at a
splice or inside the insulation. In such a case,
testing the end of the wire or the receptacle
slots would show no voltage even though the
wires feeding the box were actually still hot.
If from the outside nothing seems grounded,
now is the time to check the box itself for
ground, if it is metal (photo above); it is also
the time to check any connectors or bushings
accessible inside the box.

Study the wire to avoid a fire
A kitchen remodeler replaces a light fixture,
and he's sure the splices connecting the fix-
ture to the wires already in the box are fine.
Why should he be held responsible for the
fire that results? After all, he didn't change
the wiring layout when he replaced the
canopied incandescent with a surface-mount
fluorescent fixture.



CIRCUIT TESTERS ARE CHEAP INSURANCE

Two-prong tester. A small light
bulb wired into one lead of this
circuit tester glows when
current is present. A tester
like this one costs only
a few dollars and
works for both AC
and DC current,
80v to 600v.

A solenoidal
tester. Even if you
can't see the warning
light, you'll be able to
feel a gentle buzzing in
your hand when this
tester detects current.
This device, which
also measures
voltage, costs
about $28.

Plug-in testers. This $10
model is intended for use only
in 120v receptacles with a
ground, so it's less versatile than
other types. Different light
combinations show a variety of
wiring problems.

A multimeter. Analog
multimeters measure AC and DC
voltage as well as circuit
continuity. Its range is broad
enough to check anything from a
500v circuit to an AA battery.
This model costs less than $15.

In fact, changing a light fixture presents
several potential hazards. Most plain-vanilla
fixtures have a canopy, a covering for the
electrical box that presents a dished side to-
ward the box, in effect creating a small hol-
low or space. On the room side of the
canopy, there are lamp holders into which
you screw the light bulb. In most cases, the
concavity adds room for wiring, reducing the
chance of pinched wires and adding breath-
ing space for improved heat dissipation.
Older boxes, especially in ceilings, tend to be
overcrowded by current code, so removing a
fixture with this type of canopy and replac-
ing it with a fixture with a flat back can
crowd wires into a small space. That increas-
es the chance of breaking older wires or
overheating the box.

Another thing to keep an eye on is the
temperature rating of the wire inside boxes
that supply light fixtures. Even when new,
the insulation on old wires was rated for use
in a maximum ambient temperature of 60°C
(140°F). Many new fixtures put out more
heat, so the installation instructions may re-
quire wire rated to 75°C or even 90°C (that's
167°F or 194°F, respectively). The tempera-
ture rating is marked on the wires if they are
relatively new. Ignoring instructions on tem-
perature ratings is inviting you or your cus-
tomer to a barbecue—of their house. Gener-
ally speaking, if the wire in the house isn't

marked, assume that it's rated for 60°C and
not suitable for feeding a light rated at 75°C.

Plumbing repairs and uncertain
connections may complicate
ground hookups
In the course of a remodeling job, suppose
you notice that a water line is old and rusty.
How about shutting off the water, cutting
the line and running some plastic pipe to re-
place it? How could doing that put anybody
in danger of electric shock? It could.

The latest versions of the National Electri-
cal Code say that an electrical system should
be bonded to the incoming cold-water line,
when that is suitably grounded, within the
first 5 ft. of where it enters the house. Older
wiring, in contrast, may be tied to plumbing
pipe anywhere, relying on it for grounding.
Wherever you interrupt such a path through
the plumbing, you unground whatever elec-
trical equipment was grounded to it, with
the result that if there's ever a ground fault in
that electrical equipment, the entire plumb-
ing system becomes live, waiting to zap who-
ever touches it. The only way to protect
yourself from the latter sort of incident is to
bond from metal pipe to metal pipe with a
jumper whenever you insert plastic.

Proper grounding also becomes an issue
when you upgrade receptacles in a house
with older wiring. When you see three

prongs in a receptacle, it should mean that it
is grounded. But that may be deceptive.
Whether you see a box fed by armored cable,
also called BX, or a metal pipe or Romex ca-
ble, you cannot assume it's properly ground-
ed. Using your reference extension cord, you
should test before you hook up any wires and
establish hot, neutral and ground. Also, it's
important to inspect the insulation on the
wires and to decide whether it looks healthy.

Once you confirm the presence of ground,
you should ground the electrical device
you're hooking up (unless the device is de-
signed and marked as self-grounding). It
used to be legal to rely on a switch's or a re-
ceptacle's mounting screws to ground the
device, a practice that is now illegal in almost
all cases. Instead, you need to run a bare wire
at least 6 in. long of at least 14 ga. to the box.
It should be attached with a machine screw
going into its own hole in the back or side of
the box, typically a 10/32 slotted green screw
with a washer head. An alternative is to use a
ground clip, which gets wedged onto the
edge of the box with the bonding wire held
under it in a groove. Be careful not to stretch
the clip out of shape.

David E. Shapiro is an electrician, consultant and
writer living in Colmar Manor, Maryland. His book
Old Electrical Wiring was published in 1998 by Mc-
Graw Hill. Photos by Scott Gibson.


