Safety grounding
This worksheet and all related files are licensed under the Creative Commons Attribution License,
version 1.0. To view a copy of this license, visit http://creativecommons.org/licenses/by/1.0/, or send a
letter to Creative Commons, 559 Nathan Abbott Way, Stanford, California 94305, USA. The terms and
conditions of this license allow for free copying, distribution, and/or modification of all licensed works by
the general public.
Resources and methods for learning about these subjects (list a few here, in preparation for your
research):
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Questions
Question 1
In simple AC power systems, one of the two conductors is typically called the hot, while the other conductor is typically called the neutral. What distinguishes the ”hot” conductor from the ”neutral” conductor
in such a system? In other words, what exactly determines whether a conductor will be called either ”hot”
or ”neutral”?

120 VAC

Which one of these
conductors is "hot" and
which one is "neutral"?
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Question 2
Explain why most electrical power systems have one of their current-carrying conductors connected to
earth ground (”grounded”). Why not just leave all power conductors ungrounded? Would this not reduce
electric shock hazard?
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Question 3
Is there any shock hazard posed to a person touching the metal case of this appliance? Explain your
answer.

120 VAC
Fuse

Circuit

Wire "shorted" to metal case
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Question 4
Is there any shock hazard posed to a person touching the metal case of this appliance? Explain your
answer.

120 VAC
Fuse
Wire "shorted" to metal case

Circuit
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Question 5
The metal case of this appliance is grounded by means of a third conductor:

120 VAC
Fuse

Circuit

Explain how this grounding connection makes the appliance safer for anyone touching its metal case.
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Question 6
What is a polarized power plug, and what does this have to do with electrical safety?
file 00321
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Question 7
The presence of a ”ground” wire increases the degree of electrical safety for anyone using an electrical
appliance. It entails having a third ”prong” on the power plug, connecting with a third hole on the power
receptacle, which connects to a separate wire running all the way back to the power system’s grounding
point:

120 VAC
Fuse

Circuit
"ground"
wire

But why not eliminate all that extra wiring, and simply connect the third hole on the power receptacle
to the ”neutral” wire?

120 VAC
Fuse

Circuit
"ground"
wire

Why would this idea be unwise?
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Question 8
In the United States of America, the National Electrical Code (NEC) specifies certain color codes to
be used for designation of grounded, grounding, and ungrounded wires in AC power systems. First, relate
the terms ”hot,” ”neutral,” and ”ground” to the terms ”grounded,” ”grounding,” and ”ungrounded”. Then,
describe the acceptable color codes for each conductor. Also, note the article and section of the National
Electrical Code under which these specifications are found.
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Question 9
Explain how you would use a voltmeter to identify the ”hot,” ”neutral,” and ”ground” conductors on a
three-prong power receptacle:
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Question 10
Special safety devices called Ground Fault Current Interrupters, or GFCI’s, reduce the risk of shock
hazard in electrical systems even where there is no ground conductor. Explain the operating principle of a
GFCI. How are they able to sense a ”ground fault” condition, so as to automatically turn off power to a
receptacle?
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Question 11
Suppose a GFCI is rated to ”trip” with a ground fault current of 5 mA. Given a source voltage of 115
volts, calculate the ground fault resistance range required to trip.
file 00337
Question 12
I once watched a television advertisement for an electric drill, in which one of the people selling this
product claimed it was ”double-insulated,” to which the other person replied, ”So it doesn’t get hot in your
hand, right?”
What do you think of this comment? Is this what ”double-insulated” means?
file 00320
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Answers
Answer 1
The ”neutral” conductor in an AC power system is always made electrically common with the earth,
while the non-grounded conductor in an AC power system is called the ”hot” conductor:

Hot

120 VAC

Neutral
Earth ground
Follow-up question #1: in a power circuit such as this, there is typically a single fuse or circuit breaker
for overcurrent protection. Identify the best location to place this fuse or circuit breaker in the circuit.
Follow-up question #2: explain how to use a multimeter to identify the ”hot” and ”neutral” conductors
of a power system such as this.
Answer 2
An ungrounded power system is unpredictable from the perspective of safety.
Answer 3
No.
Follow-up question: what do the double-chevron symbols represent in a schematic diagram?

???

Answer 4
Yes, if the power switch is turned ”on”.
Answer 5
The ground wire connection makes the metal case of the appliance electrically common with earth
ground.
Answer 6
A ”polarized” power plug is one that is designed to plug into a power receptacle one way only (i.e. it
cannot be reversed). Usually this is accomplished by the use of one ”prong” on the plug being wider than
the other, with matching-width holes in the receptacle.
Answer 7
Using the neutral conductor as a safety ground is a bad idea, in the event the neutral wire were to ever
fail ”open” between the receptacle and the system ground point.

6

Answer 8
Grounded = White or natural grey.
Grounding = Bare (uninsulated), green, or green with a yellow stripe.
Ungrounded = Colors other than white, natural grey, or green.
Answer 9
I’ll give you this hint: no more than two voltage measurements are necessary to identify all three jacks
in a properly connected three-prong power receptacle!
Answer 10
”GFCI” devices work on the principle of differential current measurement as a means to sense ground
faults.
Answer 11
Any resistance value between 0 Ω to 23 kΩ
Answer 12
While this advertisement was amusing, it was not very informative. No, the term ”double-insulated”
does not refer to thermal insulation, but rather electrical insulation.

7

Notes
Notes 1
Ask your students what safety issues surround the ”hot” and ”neutral” conductors, respectively. What
do the names imply about relative hazard, and why is this? Ask them to explain how these safety considerations impact the placement of the overcurrent protection device.
Notes 2
Be sure to discuss with your students the benefits and drawbacks of power system grounding. There
are some instances where systems are left intentionally ungrounded because the safety benefit of grounding
them is negligible (high-voltage power distribution systems may often be ungrounded for this reason). In
low-voltage (120 volt) domestic power systems, though, grounding is required by law.
Notes 3
Even though no shock hazard presently exists in the circuit, ask your students to identify a condition
where the ”shorted” wire inside the appliance would pose a shock hazard. What would have to change in
order for this wiring fault to pose a hazard?
Notes 4
Aside from removing the ”short” connecting the power conductor to the metal case of the appliance,
what else could be done to eliminate the shock hazard in this scenario? Discuss this with your students.
Notes 5
Ask your students to explain why the case’s electrical commonality with earth makes it safer to touch.
What do they know about ”electrically common points” in a circuit, and voltage between those points?
Notes 6
Discuss with your students the relative merits of polarized plugs versus three-wire plugs that provide a
hard ground connection with the frame of the electrical device. Which plug type provides a greater level of
safety? Why?
Notes 7
Discuss this particular failure scenario with your students, drawing a schematic diagram if necessary.
Not only does this illustrate the importance of having a separate ground conductor, but it also shows how
the neutral wire can potentially be unsafe to touch!
Notes 8
It is important to note that even though these color codes have been standardized for many years, it
is unwise to rely on color coding as an indication of hazard. In other words, just because a wire has green
insulation does not mean it is necessarily safe to touch! There will always be mistakes made from time to
time in wire installation, and in older systems where someone might have re-connected wires in incorrect
ways. When in doubt, always use a voltmeter to check for the presence of hazardous voltage!
Notes 9
Knowing how to check for proper wiring in power receptacles is a very practical skill for homeowners.
Sure, there are simple neon-lamp testers available that you can simply plug in to a receptacle to test it, but
using a voltmeter requires knowledge.
Incidentally, this test is very easy to perform during class discussion time, as multiple power receptacles
should be available in any classroom. Be sure to review certain basic safety rules (use one hand only, etc.)
when performing this test!
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Notes 10
Be sure to discuss with your students what ”differential current measurement” means, rather than
assume they all researched the answer in greater detail than what is provided here. This really is a clever
way to detect the presence of a ground fault!
You should point out to your students that GFCI power receptacles are commonly installed in ”wet”
areas of residences, such as in the bathroom and outside, where the hazard of ground-fault electric shock is
maximized by the presence of water.
This question also provides an opportunity to discuss why the presence of water at a point of bodily
contact increases the severity of electric shock.
Notes 11
This question requires the use of Ohm’s Law, but to calculate a range of resistance values and not just
a singular value. All students should be able to obtain the figure of 23 kΩ, but some may be confused as to
whether this is a minimum or a maximum resistance value needed to trip the GFCI. Discuss this with your
students, asking them to explain how we know 23 kΩ is a maximum figure and not a minimum figure.
Notes 12
One fact of interest here is that double-insulated tools usually do not have three-prong power plugs. In
other words, they do not need a ”ground” wire to ensure operator safety.
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