
Electrical Safety 
 



Ø V=IR (OHM’S Law) 
ØDiscuss Components of Electrical Circuits (DC and AC) 
Ø Power Concepts 
Ø Electric Shock 
Ø Body Resistance 
Ø CURRENT IS THE KILLER 

 



ó How does it work? 



  V = I x R 
 
Ø V is Voltage (Volts) 
Ø I is Current (Amps) 
Ø R is Resistance (Ohms) 

 
The formulas of Ohm's Law  
Ø V=IR, I=V/R, R=V/I 



Ø Ohm's Law, named after its discoverer Georg Ohm states 
that the potential difference between two points, or 
equivalently the voltage drop from one point to a second 
point, usually designated by V (or sometimes E or U), on a 
metallic conductor and the current I flowing through it are 
proportional at a given temperature:  

 

  V = I*R 
 
Ø Where R is a constant called the electrical resistance of the 
conductor. The law also applies to some nonmetallic 
conductors, such as those used to manufacture fixed resistors.  

 
Ø The unit of resistance is the ohm, which is equal to one volt 
per ampere, or one volt-second per coulomb. The inverse of 
resistance, 1/R, is conductance, and its SI unit is the 
siemens.  
 
 
SI: International System of units 
 



Choose your answer below 
1.  0.5 amps 
2.  2.0 amps  
3.  0.05 amps 
4.  1.0 amps 
 

Problem #1: A 110 volt wall outlet supplies power 
to a strobe light with a resistance of 2200 ohms. 
How much current is flowing through the strobe 
light? 

http://www.grc.nasa.gov/WWW/K-12/Sample_Projects/Ohms_Law/wrong.html
http://www.grc.nasa.gov/WWW/K-12/Sample_Projects/Ohms_Law/wrong.html
http://www.grc.nasa.gov/WWW/K-12/Sample_Projects/Ohms_Law/rap1.html
http://www.grc.nasa.gov/WWW/K-12/Sample_Projects/Ohms_Law/wrong.html


Problem #2: A CD player with a resistance of 40 ohms 
has a current of 0.1 amps flowing through it. Sketch the 
circuit diagram and calculate how many volts supply the 
CD player? 
 
 
 
 

Choose your answer below 
1. 0.0025 volts 
2. 4.0 volts  
3. 10.0 volts  
4. 400.0 volts  

 
 

 

http://www.grc.nasa.gov/WWW/K-12/Sample_Projects/Ohms_Law/wrong.html
http://www.grc.nasa.gov/WWW/K-12/Sample_Projects/Ohms_Law/rap2.html
http://www.grc.nasa.gov/WWW/K-12/Sample_Projects/Ohms_Law/wrong.html
http://www.grc.nasa.gov/WWW/K-12/Sample_Projects/Ohms_Law/wrong.html


Ø For DC Circuits, essential components are voltage, 
resistance and current. 

Ø For AC Circuits, components are similar to DC circuits 
but resistance is also known as impedance.  
Ø Characterized by varying amplitude.  
Ø The Period of each cycle (the elapsed time between the 

starting of one cycle and the beginning of the next 
cycle). 

Ø Frequency (the number of periods per unit of time 
(second) equal to cycles/second or hertz). 



ØDC, or direct current means the electrical current is flowing in  
   only one direction in a circuit.  
ØBatteries are a good source of direct current (DC).  
 

http://en.wikipedia.org/wiki/Image:Ohms_law_voltage_source.svg


ØAn alternating current (AC) is an electrical current whose 
magnitude and direction vary cyclically, as opposed to direct 
current, whose direction remains constant. The usual waveform of 
an AC power circuit is a sine wave, as this results in the most 
efficient transmission of energy. However in certain applications 
different waveforms are used, such as triangular or square waves. 
 
ØUsed generically, AC refers to the form in which electricity is 
delivered to businesses and residences. However, audio and radio 
signals carried on electrical wire are also examples of alternating 
current. In these applications, an important goal is often the 
recovery of information encoded (or modulated) onto the AC signal. 



Ø AC circuits are different from DC circuit as AC adds the 
fourth component Frequency (hertz). 

Ø AC is created by generators in power plants, and other 
sources. This AC current is delivered to our homes and 
businesses by the power lines we see everywhere. 

Ø The frequency of repetition of this current is 60 Hertz. This 
means the direction of the current changes sixty times 
every second.  

Ø For an AC circuit Ohm's law can be written , where V and I 
are the oscillating phasor voltage and current respectively 
and Z is the complex impedance for the frequency of 
oscillation. 



Ø All components used in electronic circuits have three basic properties, 
known as resistance, capacitance, and inductance. In most cases, however, 
one of these properties will be far more prevalent than the other two. 
Therefore we can treat components as having only one of these three 
properties and exhibiting the appropriate behavior according to the following 
definitions: 
 

Ø Resistance: The property of a component to oppose the flow of electrical 
current through itself.  
 

Ø Capacitance: The property of a component to oppose any change in voltage 
across its terminals, by storing and releasing energy in an internal electric 
field.  
 

Ø Inductance: The property of a component to oppose any change in current 
through itself, by storing and releasing energy in a magnetic field 
surrounding itself.  





ØPower is the ability to do work 
ØPower is defined as electrical energy divided by time 
Ø Joules =watts*seconds 
ØP = V*I 
ØP = V2/R, I2*R 





 
The battery voltage is 36 volts and the lamp is 
providing 3 Ω of electrical resistance to the flow of 
electrons.  
 
The current is now: I = E/R = 36 V/ 3 Ω = 12 Amps 
 
Now what is the power? 
 
P = I*E = (12 A) * (36 V) = 432 W 
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 An electric shock occurs when a person comes into contact 
with an electrical energy source. Electrical energy flows 
through a portion of the body causing a shock. Exposure to 
electrical energy may result in no injury at all or may result 
in devastating damage or death. Burns are the most 
common injury from electric shock. 



Ø The following factors determine the severity of  
the effect electric shock has on your body: 
 
ØThe amount of body resistance you have to the current 

flow. 
ØThe path the current takes through your body. 
ØThe  length  of  time  the  current  flows through your 

body 
 



Voltage, current, grounding and resistance are basic 
electrical  

terms. Electricity and proper grounding work together 
for  

safety. 
  
Ø Voltage is the force that causes the current to flow.  
Ø Current (amperage) is the amount of electricity that is flowing.  
Ø Resistance is the restriction that slows down or stops the flow of current.  
Ø The greater the resistance the less the amount of electrical flow.  
Ø A ground is a connection between an electrical circuit and the earth.  
Ø Electricity always seeks a ground. 

 



Ø Electrical shock occurs when a part of the body completes a 
circuit between conductors or a grounding source. Death or 
injury is caused by the amount of current and increases with 
voltage. Avoid contact with electrical equipment, especially in 
damp or wet areas.  

  
Ø The effect of electrical shock depends on the amount of current 

flow and the path of the current through the victim's body. 
Some people have survived shocks of several thousand volts, 
while others have been killed by voltages as low as 12. To prevent 
electrical shock, which can cause several types of injuries, make 
sure that your body cannot become part of the electrical flow 
and a path for the current.  

  
Ø An important phase of electrical safety is knowing how to help 

an electrical shock victim. Often, particularly in cases of low-
voltage shock, victims are unable to pull away from the current 
source. Stop the flow of electricity in the victim's body. This can 
be done by disconnecting or de-energize the circuit. Call for 
help immediately. Do Not attempt to remove the victim from 
the source of the current. 
 



 
Ø Inspect area for electrical hazards.  
ØDon't overload circuits.  
ØKeep electrical equipment away from water and 

dampness.  
ØAlways check electrical cords for fraying and signs of 

wear and defects.  
ØBe sure to lock out/tag out switches when working on 

equipment.  
Ø In case of an electrical fire, shut off the power and use 

a fire extinguisher to put out the fire. Never use water 
to put out an electrical fire; water used on an electrical 
fire can result in a fatal shock. 
 



Ø The amount of current passing through the body also affects the severity of an 
electrical shock. Greater voltages produce greater currents. So, there is greater 
danger from higher voltages. Resistance hinders current. The lower the 
resistance (or impedance in AC circuits), the greater the current will be. Dry skin 
may have a resistance of 100,000 ohms or more. Wet skin may have a resistance 
of only 1,000 ohms. Wet working conditions or broken skin will drastically 
reduce resistance. The low resistance of wet skin allows current to pass into the 
body more easily and give a greater shock. When more force is applied to the 
contact point or when the contact area is larger, the resistance is lower, causing 
stronger shocks. 
 

Ø The dry outer skin of the human body offers extremely high resistance to 
electrical flow. However, the resistance is reduced to almost zero when the skin is 
wet, especially if the skin is wet because of perspiration. If you body is sweaty or 
damp, an oversensitive ground within it is created, which easily cause electrical 
shock. One way to keep the body’s resistance high is to keep it dry, particularly 
the hands and feet. This can be accomplished by wearing rubber gloves, boots, 
and rubbers.   
 
 



Resistance varies greatly in different parts of your body. 
A value of 1,500 ohms is commonly used as the 
resistance between major extremities of an average 
human body. The two most dangerous paths that current can 
take through your body are: 
 
ØHand to hand.  
ØHand to foot.  

 
The second path is the MOST dangerous since the current will 
flow through your heart and other vital organs. 
 
 



Typical Electrical Shock values  
describing effects:  

CURRENT 
 (milliamperes) 

HUMAN REACTION  
(at 60 Hertz) 

1.1 PERCEPTION: A slight tingling sensation. 

 
 
           10.0 
           16.0 

CAN’T LET GO: Arm and hand  
muscles close involuntarily:  
     A 120-pound person. 
     A 175-pound person. 

18.0 CAN’T BREATHE: PARALYSIS 
 OF THE CHEST MUSCLES. 

65.0 HEART FIBRILLATION: Rapid, irregular  
contractions of the heart muscles. Could be 

fatal. 
 

  



For example, suppose you accidentally grabbed a wire carrying 120 
volts alternating current (V ac). We can use Ohm’s Law, I = E/R, to 
figure how much current would flow through your body: 
 
E = 120 V ac (the voltage you grabbed)  
R = 1,500 ohms (your average body resistance) 
  
Therefore: I  =  120/1,500  amp  
  I  =  .080  amp  
  I  =  80  mA  
 
Therefore, if you grabbed a 120-V-ac wire, 80 mA 
of current would flow through your body!  
 
That is 15 mA beyond what could be fatal. It is also 70 mA 
beyond the “can’t-let-go” threshold for a 120 pound person 
and 62 mA beyond what is needed to cause you to stop breathing.  
 







ØLoad resistance: R1 = 10 ohms 
ØAccidental contact across source, R2 = 1500 ohms (for 

example a typical body resistance) 
ØWhat is Parallel resistance? 
ØWhat is I?  
ØWhat is I1 and I2? 

 
 



ó 1/RP = 1/R1 + 1/R2 
ó RP = (R1 * R2)/(R1 + R2) 
ó I = V/RP 
ó I1 = V/R1 
ó I2 = V/R2 
ó To Check: I = I1 + I2 



Ø There is danger of electrical shock when directly performing manual work or testing on an 
electrical power system, so care and proper work procedures should always be exercised!  

 
Ø However, electric shock hazards exist in many other places, thanks to the widespread use of 

electric power in our lives.  
 
Ø As we saw earlier, skin and body resistance has a lot to do with the relative hazard of electric 

circuits. The higher the body's resistance, the less likely harmful current will result from any 
given amount of voltage. Conversely, the lower the body's resistance, the more likely for injury 
to occur from the application of a voltage.  

 
Ø The easiest way to decrease skin resistance is to get it wet. Therefore, touching electrical 

devices with wet hands, wet feet, or especially in a sweaty condition (salt water is a much 
better conductor of electricity than fresh water) is dangerous. In the household, the 
bathroom is one of the more likely places where wet people may contact electrical appliances, 
and so shock hazard is a definite threat there. Good bathroom design will locate power 
receptacles away from bathtubs, showers, and sinks to discourage the use of appliances 
nearby. Telephones that plug into a wall socket are also sources of hazardous voltage (the 
ringing signal in a telephone is approximately 100 volts AC -- remember that any voltage over 
30 to 50 volts is considered potentially dangerous!). Appliances such as telephones and radios 
should never, ever be used while sitting in a bathtub. Even battery-powered devices should be 
avoided. Some battery-operated devices employ voltage-increasing circuitry capable of 
generating lethal potentials. 



 
ØSwimming pools are another source of trouble, since people often operate 
radios and other powered appliances nearby. The National Electrical Code 
requires that special shock-detecting receptacles called Ground-Fault Current 
Interrupting (GFI or GFCI) be installed in wet and outdoor areas to help prevent 
shock incidents. These special devices have no doubt saved many lives, but they 
can be no substitute for common sense and diligent precaution. As with firearms, 
the best "safety" is an informed and conscientious operator.  
 
ØExtension cords, so commonly used at home and in industry, are also sources of 
potential hazard. All cords should be regularly inspected for abrasion or cracking 
of insulation, and repaired immediately. One sure method of removing a 
damaged cord from service is to unplug it from the receptacle, then cut off that 
plug (the "male" plug) with a pair of side-cutting pliers to ensure that no one can 
use it until it is fixed. This is important on jobsites, where many people share the 
same equipment, and not all people there may be aware of the hazards.  
 
ØAny power tool showing evidence of electrical problems should be immediately 
serviced as well. There are many horror stories of people who continue to work 
with hand tools that periodically shock them. Remember, electricity can kill, and 
the death it brings can be gruesome. Like extension cords, a bad power tool can 
be removed from service by unplugging it and cutting off the plug at the end of 
the cord.  



ØDowned power lines are an obvious source of electric shock hazard and should be 
avoided at all costs. The voltages present between power lines or between a power line 
and earth ground are typically very high (2400 volts being one of the lowest voltages 
used in residential distribution systems (in Northern CA it is 12KV or higher). If a power 
line is broken and the metal conductor falls to the ground, the immediate result will 
usually be a tremendous amount of arcing (sparks produced), often enough to dislodge 
chunks of concrete or asphalt from the road surface, and sound reports rivaling that of a 
rifle or shotgun. To come into direct contact with a downed power line is almost sure to 
cause death, but other hazards exist which are not so obvious.  
 
ØWhen a line touches the ground, current travels between that downed conductor and 
the nearest grounding point in the system, thus establishing a circuit: 



ØThe earth, being a conductor (if only a poor one), will conduct current 
between the downed line and the nearest system ground point, which will be 
some kind of conductor buried in the ground for good contact. Being that 
the earth is a much poorer conductor of electricity than the metal cables 
strung along the power poles, there will be substantial voltage dropped 
between the point of cable contact with the ground and the grounding 
conductor, and little voltage dropped along the length of the cabling (the 
following figures are very approximate): 



ØIf the distance between the two ground contact points (the downed cable and the system 
ground) is small, there will be substantial voltage dropped along short distances between 
the two points. Therefore, a person standing on the ground between those two points will 
be in danger of receiving an electric shock by intercepting a voltage between their two feet!  
ØAgain, these voltage figures are very approximate, but they serve to illustrate a potential 
hazard: that a person can become a victim of electric shock from a downed power line 
without even coming into contact with that line!  
ØOne practical precaution a person could take if they see a power line falling towards the 
ground is to only contact the ground at one point, either by running away (when you run, 
only one foot contacts the ground at any given time), or if there's nowhere to run, by 
standing on one foot. Obviously, if there's somewhere safer to run, running is the best 
option. By eliminating two points of contact with the ground, there will be no chance of 
applying deadly voltage across the body through both legs.  



 



Ø The principle that "current kills" is essentially correct. It is 
electric current that burns tissue, freezes muscles, and 
fibrillates hearts. However, electric current doesn't just 
occur on its own: there must be voltage available to 
motivate electrons to flow through a victim. A person's 
body also presents resistance to current, which must be 
taken into account. 
 

Ø A common phrase heard in reference to electrical safety 
goes something like this: "It's not voltage that kills, it's 
current!" While there is an element of truth to this, 
there's more to understand about shock hazard than this 
simple adage. If voltage presented no danger, no one 
would ever print and display signs saying: DANGER -- 
HIGH VOLTAGE!  

 



Electric shock, contact injury to hand. Photograph by Timothy G. Price, MD.  

http://www.emedicinehealth.com/images/4453/4453-4474-6142-9361.jpg


Electric shock burns due to current flow through metal framed glasses.  
Photograph by Timothy G. Price, MD.  

http://www.emedicinehealth.com/images/4453/4453-4474-6142-9384.jpg


Electric shock injury to the foot. Photograph courtesy of William Smock, MD.  

http://www.emedicinehealth.com/images/4453/4453-4474-6142-9429.jpg


Electric shock injury to the hand. Photograph courtesy of William Smock, MD.  

http://www.emedicinehealth.com/images/4453/4453-4474-6142-9474.jpg


 

True or False 
 

 1. Never use a handtool that has the ground prong broken off of the plug-in end?  
 True or False 
 
 2. Be sure to tag out and lock out equipment switches? 
 True or False  
 
 3. If using a handtool and you feel a tingling sensation, the tool should be taken out of 

service? 
 True or False 
 
 4. The higher the voltage, the greater the amount of current?  
 True or False 
 
 5. Resistance to electrical flow is almost zero when the skin is wet? 
 True or False 
  
 
  



Review The Following Points  
 
ØVoltage, current and resistance are the basic 

electrical terms.  
ØElectrical shock occurs when a part of the body 

completes a circuit between conductors.  
ØElectricity and proper grounding work together 

for safety. 
 



Effects of Electric Current on the Human Body 
 

Milliamperes (thousandths of an ampere), mA                                                                                                        Alternating Current  
                                                                                                                                                                                          RMS Values 
                                                                                                                                   Direct Current                  60 Cycle                  10,000 
Cycle 

Effect Men Women Men Women Men Women 

No sensation on hand 1 0.6 0.4 0.3 7 5 

Slight tingling.  Perception threshold 5.2 3.5 1.1 0.7 12 8 

Shock – not painful and muscle control not lost 9 6 1.8 1.2 17 11 

Painful shock – painful but muscle control not lost 62 41 9 6 55 37 

Painful shock – let-go threshold 76 51 16 10.5 75 50 

Painful and severe shock – muscular contractions, breathing 
difficult 90 60 23 15 94 63 

Possible ventricular fibrillation from short shocks: 

       Shock duration 0.03 sec 1300 1300 1000 1000 1100 1100 

       Shock duration 3.0 sec 500 500 100 100 500 500 

Ventricular fibrillation – certain death Multiply values above by 23/4.  To be lethal, short shocks must 
occur during susceptible phase of heart cycle 

Possible ventricular fibrillation from impulse shocks: 

       DC short shocks and surge discharges 27.0 W-Seconds 
       Power-frequency short shocks and low-frequency 
oscillatory discharges 13.5 W-Seconds 



 
 
 
ØDemand the Possible!!! 



Burn Marks on Phase 
Wire – Note Tree 
Recently Trimmed. 





Aftermath of 12 KV (6.9 KV to Ground) Contact. 

This one lived to tell another day. 



Note, Where is the phase 
wire?  Look at the end of 

the cross arm. 





ó Trouble reported multiple 
times 

ó Pair referred to 
Maintenance by Repair 

ó Customer out of service 
first line 

ó Customer has second line  
ó Tech proves trouble to 105 

with case missing 

ó Tech positions vehicle 
facing uphill 

ó Goes up in bucket 
working controls on right 
looking at trees on left 

ó When about at height, 
turns head to right and 
forehead comes in contact 
with 12 Kv phase wire. 



3 – 4 ft 
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