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Abstract 

Starting from J.D. Jackson's definition [1] of the topic of grounding, we present some knowledge of electrical 

safety, essential for every physics student. 
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1. Introduction 

Importance of the topic of Electrical Safety for students 

working in a laboratory or for future engineers, empirical 

scientists, and even simple householders, is obvious. We 

widely use electrical supply, generated by very powerful 

power plants with furnace burning natural gas, oil, coal, 

nuclear reactors, or with hydro, solar, wind and other 

renewable energy sources.  Through the supply of the 

electricity via the wires, the power sources offer us numerous 

possibilities of having very serious injuries if we do not use 

the advantage of having the power supply with reasonable 

care.  Here, we shall focus on the topic of grounding – one of 

the central and educationally interesting topics of Electrical 

Safety.        

     Wishing to avoid the very unsuccessful term "general 

resistance of the earth mass" found, e.g., in Israeli official 

instructive book "Electrical Law" [2], let us start from the 

definition of grounding found in the classical text [1]: 

    "When a conducting object is said to be grounded, it is 

assumed to be connected by a very fine conducting filament 

to a remote reservoir of charge that serves as a common zero 

of potential. Objects held at fixed potentials are similarly 

connected to one side of a voltage source, such as a battery, 

the other side of which is connected to the common 'ground'. 

Then, when initially electrified objects are moved relative to 

one another in such a way that their distributions of 

electricity are altered, but their potentials remain fixed, the 

appropriate amount of charge flow from or to the remote 

reservoir, assumed to have an inexhaustible supply. The idea 

of grounding something is a well-defined concept in 

electrostatics where time is not a factor, but for oscillating 

fields the finite speed of propagation blurs the concept. In 

other words, stray inductive and capacitive effects can enter 

significantly. Great care is then necessary to ensure a 'good 

ground'." 

   The concept "remote reservoir of charge" of [1], is definitely 

much better than the concept of "general resistance of the 

earth mass" of [2].  The latter concept is even misleading, 

because the very concept of resistance [3] is associated with 

the way of the measurement, for which the geometrical 

presentation of the relevant piece (sample) of material must 

be given. Just assume that you measure the resistance of a 

material ball, while the electrodes are connected to the 

North's and the South's poles of the ball. Then, move one of 

the contacts towards the other; the measured resistance is 

obviously reduced, with the limiting value of zero, obtained 

when the contacts touch each other.  

    However, the words "very fine conducting filament" of [1] 
are generally wrong.  No realistic grounding can be "very fine" 
-- a mistake that has to be pinpointed just because of the 
wide use of [1].  Presumably, Jackson would like to have the 
"very fine" filament exclusively because of the field problem, 
that is, for suitability in the calculation of the fields, not 
considering the main purpose of the grounding.  In order to 
see the mentioned suitability, consider a spherical capacitor 
(two concentric conducting spheres), with the internal 
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sphere having its potential zero. The theory of such capacitor 
is quite simple, and one easily obtains, via the radiuses of the 

spheres, 1r  and 2r  the formula for the capacitance [3] 
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   However, in order to ground the internal sphere, one has to 
make a hole in the external sphere for the grounding wire 
with a possible current in it to pass via the hole. Obviously, 
the simple picture of the field, which led to (1), will be less 
disturbed, if the diameter of the grounding wire (the 
"conducting filament" in [1]) is much smaller than the 
diameter of the hole.  Indeed, the magnetic field of the 
current in the wire is stronger near the wire.  Since the 
grounding wire has to supply the charge, we cannot ignore 
the current, whose pulses cause time varying magnetic field, 
resulting in some electrical field. 

   Nevertheless, the thinness of the grounding wire 
represents a problem from the positions of the electrical 
safety -- one should not forget an important reason why 
grounding is really needed! 

   According to the formula for resistance of a piece of wire of 
length l, and cross-section S, [3]    

                                
l

R
S


                        (2)                                                    

as the diameter of the wire tends to zero (and so S does), R 
becomes large.  

   Let us give an example showing how the latter is dangerous 
for the grounding.  This example is taken from [4], where we 
also dealt with finding a relation between the internal 
resistance of the generator and its power, here we assume 

that the internal resistance intR  is given.  

2.  A case from students' power laboratory  

Thus, we speak about a teaching laboratory where a student 
studies a generator, and it may occur that a defective 220 
volts generator might electrify its metal body that the 
student touches.  Since the metal body is grounded, there is 
a "competition" between the source of 220 volt and the 
source (the ground) of 0 volt – which one will define the 
body's potential? Electrical safety requires that the potential 
of the metal body that can be touched by the student to be 

less than 30 volts. The actual potential obviously (see Fig.1) 
depends on the ratio  
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Fig. 1:  Our equivalent scheme. "Z" is our "Rint".  The generator 
is thus {E,Z}. E here is 220V. Point a denotes the metal body 
of the generator, which can be touched by the student, and 
where, in the case of the fault, a dangerous voltage arises.  

 

                                                                      

   Since the resistance of the human body is much larger than 
Rgr, in the parallel connection of the two, the resistance of the 
body can be ignored, and the voltage divider, seen in Fig. 1, 
defines the voltage on the generator's body as 
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 volt.         (4) 

(As we shall immediately see, the assumption of 

intgrR R is justified). In order to have this be less than 

30 volts, we require that 

                                       

int

30

220

grR

R
 ,                              (5) 

that is, approximately, 
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                                    int
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   Since the more powerful the generator, the smaller intR is 

(i.e. the generator is "more ideal"), and since we are 

interested, in the laboratory, to study generators that are as 

powerful as possible -- intR actually is rather small (say, a half 

ohm). Obviously, Rgr must be very small. The latter excludes 

using a "very fine filament" and if one also considers that it is 

necessary to have very firm mechanical connections of all the 

pieces of the grounding path (for the reliability of the 

grounding) – then one sees that the grounding connections 

are actually made of a wide (massive) pieces of wire. 

   Works [5-31] are advised for more conceptual (and history, 

e.g. [31]) reading.  

 

Some questions for additional consideration 

The following questions show how multifold and complicated 

is the topic of electrical safety, and how easily we can meet 

the associated hazards.  Though some of the questions are 

simple, their list outlines the scope of the topics one should 

keep in mind when considering electrical safety, and this 

gives a correct orientation. 

    Does the reader know (and for what reason) that:   

1. powder, e.g. flour, can be explosive,   

2. when a liquid flows in a plastic pipe, an electrostatic 

charge is accumulated on the pipe walls, and this is 

the static charge which can cause a dangerous spark, 

3. the water that is pouring from a faucet to a bucket 

may be positively charged, and the fact that the 

bucket may be metal and then left for some time on 

the ground does not eliminate the charge in the 

water quickly enough; because of the charge, the 

water may lead (see [17] for an interesting example) 

to a spark, 

4. it is prohibited to turn on or off a light if the switch 

is located in an area (say the kitchen) where a strong 

smell of gas is detected,   

5.         in order to cause ignition or explosion of a certain gas, 

powder or liquid, the spark has to possess some 

minimal energy; which is somewhat similar to the 

medical fact that in order to be infected by a virus 

and became ill, a certain amount (dose) of the virus 

is necessary. 

6. regarding the possibly of causing explosions, a 

corona-type discharge is less dangerous, than a 

spark-type discharge.  

7.        by saying that a flammable liquid is ignited, we mean 

that the vapor (gas) of the liquid, over its surface, is 

ignited, 

8. a flammable gas may be ignited only at a certain 

concentration, and at a higher concentration it 

becomes explosive; the explosive concentration is 

usually about twice the flammable concentration, 

9. the dangerous "step" voltage caused by lightning 

can be distributed both in the horizontal and the 

vertical direction (on buildings), 

10. there have been cases of injury by lightning through 

a telephone cable, 

11. if a car is staying on a junction during a storm, and 

an electrical wire falls on the car, no passenger 

should emerge from the car, but rather wait for an 

electrician to remove the wire, 

12. kite-flying by children near voltage lines is 

dangerous, 
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13. static charge is dangerous not only in the chemical 

industry but also in the integrated circuit industry, 

where the discharge can cause damage to the thin 

layers of the microcircuits,   

14. today there are instruments in the chemical and 

electronic industries, made from special plastic 

materials that have a low triboelectric ability (i.e. the 

ability to absorb static charge) allowing to reduce 

the risk of a spark; the development of such 

materials is a challenging field of material science, 

15. one can be shocked while holding a well-grounded 

frame of a drill if the floor is electrified by a motor 

with faulty isolation, and because one holds a 

grounded object, 

16. one can be shocked by the line voltage when 

connecting one of the wires of an unlit bulb to the 

zero-potential wire of the line, while not directly 

touching the phase-wire of the line, which is 

because the wires in the switch are inter-placed, and 

the switch does not interrupt the hot wire -- thus the 

voltage can come to one's hands via the lamp, 

17. the large metallic foundation of a high-voltage line 

column (post, tower) has to be grounded at each of 

its corners (think about one lying on the ground, 

touching the electrified foundation by his shoulder), 

18. new buildings have their grounding electrode 

systems organically included in the building's 

foundations, 

19. in the conditions when even a short-time 

overvoltage of power equipment is dangerous, the 

grounding of the equipment may be unwanted or 

even prohibited, because of the possibility of the 

electrification of the soil around the grounding 

electrodes, caused by a lightning stroke (a high 

voltage can come to the equipment via the 

grounding); this is relevant to the regions where 

lightnings are usual,  

20. in order to improve the quality of grounding, in 

some cases special salts are introduced into the soil 

– this reduces   in (2), 

21. there have been cases where plumbers working 

near old houses received electric shocks when 

disconnecting a water pipe from the underground 

water system, 

22. when starting to work, electricians sometimes first 

touch an open electric wire with the back of a hand. 
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Appendix: Some historical background  

 The lightning-rod for lightning protection was 

proposed by Benjamin Franklin approximately in 1750. 

  The use of a "Faraday cage" for lightning protection 

of buildings was introduced by James Clerk Maxwell in 1876. 

 Luigi Galvani conducted the first experiments on the 

influence of an electrical current on a live (animal's) body in 

1791.  Galvani could have answered question 22 of Section 3.   

 Approximately one hundred years after Galvani's 

experiments, the pioneer of heavy-current and high-

frequency current engineering, Nikola Tesla, started a 

systematic study of the influence of electrical current on the 

human body, which was necessary for the safe application of 

his inventions.  It was Tesla who discovered that at very high 

frequencies one can touch a very high voltage, and in his 

lecture in Philadelphia in 1893 Tesla personally demonstrated 

touching the terminals of a 200 kV source.  Tesla had proved 

that the 50 - 60 Hz line is the most dangerous among the 

alternating current supplies, and that contrary to Edison's 
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opinion, up to about 500 volts, the constant-voltage current 

is more dangerous for people than alternating current of 50 

or 60 Hz.  The proofs were experimental and demonstrated 

on very few individuals, often Tesla himself.  Even today we 

do not know enough about the electrical parameters of the 

human body that allow to calculate precisely the distribution 

of the density of electrical current, which is passing through 

it, and this is a subject of biophysical investigations.  Tesla's 

experiments, motivated by his interests in electrical safety, 

also led to the medical applications which are called today 

electrotherapy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 The "Fire Protection Handbook", which included 

important rules of electrical safety, named the National 

Electrical Code (NEC) appeared in the USA in 1897.  It is now 

published by the American National Fire Protection 

Association (NFPA) with many improvements. 

 NEC is a very extended and complete list of 

instructions for electrical safety arrangements.  This 

document has influenced electrical safety rules in many 

countries outside the USA, though in England, Germany, 

Switzerland, Russia and some other countries there are their 

own detailed and also very useful regulations. 

 The NEC is readily available today (including a 

CDROM version).  Even just a study of the classification of 

hazardous areas given in the NEC provides an understanding 

of some basic electrical safety problems. 
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