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Directions: Use Ohms law to solve each problem. You must show your work, and circle your answer.

1. A resistance of 300 is placed in a circuit with a 90 volt battery. What current flows in the circuit?

3 pmps

2. Amotor with a resistance of 320 is connected to a voltage source. Four amps of current flows in the
circuit. What is the voltage of the source?

28V

3. A transistor radio uses 2 amps of current when it is run by a 9 volt battery. What is the resistance in

the radio circuit?

-8 n

4. An E.M.F. Of 75 volts is placed across a 15 ohm fixed resistor. What current flows through the

resistor?
5 pmps

5. A current of 5 amps flows through a lamp when it is connected to a 110 volt power source. What is

22 L.

6. A resistance of 60 ohms allows 0.4 amps of current to flow when it is connected across a battery.

20V

7. What current flows through a 15 ohm fixed resistor when it operates on a 120 volt outlet?

g A 7

the resistance of the lamp?

What is the voltage of the battery?
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8. The resistance of an electric stove burner element is 11 ohms. What current flows through this
element when it runs off a 220 volt line?

20 pmpS

9. What voltage is applied to a 20 ohm fixed resistor if the current through the resistor is 1.5 amps?

Fov

10. What is the resistance of a lamp that is connected to a 110 voltage source that draws 2 amps of
current?

545 N

Use Ohms Law (V=IR) to calculate the unknown value. You must show your work, and circle your
answer.

AM—
R= 109

48v L

L R=30Q
60v
4
. (é) _
I= 7
6o
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The Power System

Power System Worksheet

1. ldentify the following components.

a_ [-vSE B. Sepue DﬂUP
. _WEATHee Herd o, TeAanS loemen
E. M ETEL F. M AS7—

o (oroons  Pobd v Vvt L

For a transformer to be able to induce 100V in the secondary with 1,000V in the

2.
primary, the turns ratio hastobe_ /O __to__|

3 If a current of 20 amps flowed in the primary portion of the above transformer,
there would be a current of_2.0¢& amps in the secondary.

4. Transformers are primarily used o ___ SEPVf o gf?ﬂ_u*_ or ‘S___Q?E

Down_ voltage.

5 One horsepower is equal 1o ‘2 Y <g watls.
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- Safe Working Voltage:

“Energized parts that operate at less than __ 30 volts are not required to
be de-energized to satisfy an electrically safe work condition.

What is your Company’s Safe Working Voltage?
Requirements for Working on or Nea

Lo oJyT
Always _7AG  OOT (LOTO) if possible

Observe approach boundary requirements for both SI'JDUIL and  Aec hazards

ELEe TRacAUY
Obtain ENER (Gv2e D WK E‘itmﬂ—(EWWP) as required

Keep UM RUAL elpersons outside of Limited Approach Space

Only Runi» FieD persons may femporarily override interlocks

What are the three hazards associated with Electricity ?

Sl{ﬁbk e and f'-(,ﬁé,g{.

Wear appropriate ng rated clothing.

Use [1;; L rated tools.

Use Class E rated Hardhat
Use ﬁﬂ@(_@ Face Shield.

, RUBBER N , _
Wear proper class ¢ gges  with Aetttey protectors.




e True or False: The Occupational Safety and Heaith Administration (OSHA) regulates
workplace safety.

* The NFPA '20 £ _is the document used by OSHA to determine your compliance with safe
work practices.

* OSHA considers less than 9 O  volts a safe working voltage.

« Am | following my companies LOTO procedures? Yes or No

* Do | need Arc Flash Safety Training (70E), LOTO training? Yes or No Z‘;j
* Who determines what PPE | should use at my plant? l& [ L

Principics of LOTO Execution Responfhll = gcr LOTO
1. Employes involvement 1. Employer establishes proceduras and
2. Training provides training on these procedures
3. A plan with drawings 2. Two forms of control permitted
4. Control of energy a. Simple LOTO
5. Unique identffication b. Complex LOTO
6. Voltage removed & verifled 3. Audh procedures {Annually)
7. Cooardinated procedures —
Review Procedures for Hazerdous Equipment b
‘ 3 120 2(E}
1. Simple lockout/ftagout procedurs i. Lock application
2. Complen lockout/tagout procadure 2. LOTO device
3. Coordination of procedures 3. Lockout device
4. Training and retraining on procedures 4. Tagout device
5. Eiectrical circuit interiocks
6. Control devices
T 7.’_F_’_rocedures — __E
Procedures — 120.2(F) Equipmant ik
i :'1.. Plansing Is requived in procedures 1t
| &. Locating sources d. Simple lockout/tagout i
b. Exposed persons e, Complex LOTO ]
' €. Person ln cherge j
2. Elements of Control must be ldenﬂt?if_g . i :
a. De-energizing of equipment g. Grounding |
b. Release of stored eshergy h. Shift change
¢. Disconnecting means i. Coordination \
d. Responsibilities j. Accountability of personne! :
e. Verification procedures k. Lockout/Tagout application {
1. Testing requicemants I. Release for return to service s




@ 9 os W N A

1. Verify meter works properly on _ F Krowr/ Sovnce
2. Verify Npmanal voltage on circuit being tested.

3. Verify meter CLas$ Qgt{v] on voltage.

Use the three-step method to verify a zero energy state
Wear appropriate PPE

Check meter on known energized source

Check for zero energy state

Check meter on known energized source

Always check phase — to — phase and phase - to - ground

*[PPE Requirementse = -
1 Arc-rated clbthing, Minimum Arc Rating of 4 cal/cm?
Arc-rated long-sleeve shirt and pants or arc-rated coverall
Arc-rated face shield or arc flash suit hood

2 Arc-rated clothing, minimum arc rating of 8 cal/cm?
Arc-rated long-sleeve shirt and pants or arc-rated coverall
Arc-rated flash suit hood or arc-rated face shield and arc-

rated balaclava

3 Arc-rated clothing, minimum arc rating of 25 calf/em?
Arc-rated long-sleeve shirt and pants or arc-rated coverall
Arc-rated flash suit hood

4 Arc-rated clothing, minimum are rating of 40 calfem?
Arc-rated long-sleeve shirt and pants or arc-rated coverall
Arc-rated flash suit hood
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Let’s test your knowledge of Motor Controls!

What two terminals do you connect wires to that makes the contacts on the motor starter
close A1 - A7 ?

What do we call the contacts that are not the main contacts 4t/ % ?

What are the three terminals at the bottom of a NEMA overload called T1 , T2 | and
TA 2

What are some of the differences between IEC and NEMA motor starters H.P T W AttS
N UmBE ’ 1, ConthRcts 2

How do we size a motor starter correctly ART- Ao OF THE mEC .

What are the three terminals at the top of a NEMA starter called il , 2  and &3 7
What protects a motor from burning up _ OJVER Lo S ?

Name some different types of overloads 7144 pete ,  SoLO SipiEand B wetudi
How do the overloads shut down the motor starter __ OPErS Tie CowlOL ciped
Is a motor starter a load break device ;[ 5 7

How many sets of auxiliary can be on a motor starter __RepeabS Oa) 9
TEL 2k pMEmnA
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Lets test your knowledge of Motor Controls!

= == ==

A 3 Phase induction motor can be reversed easily by interchanging f?by 2 ofits
supply leads.

2 2

To reverse a 3 phase motor, requires how many contactors

How many sets of Overloads are required 1 ?

3 Phase F/R motor starters have mechanical interlocks 1 ? @br F)

Auxiliary contacts ( NO / NC ) are required to interlock the control circuit of a F/R motor
starter T~ ? (DorF)

What is another method of obtaining an electrical interlock for the motor starter
ICE  cyBE Edﬁ??

Identify all the components of the Forward and Reversing starter below

_Kwire Swiletd

P P YL o e o g




As each phase builds and returns to zero, a magnetic field builds and
collapses in the same winding — The magnetic field rotates

The rotating field of the stator induces a voltage into the rotor bars
producing a magnetic fields about the rotor bars

The interaction of the rotor and stator magnetic fields cause rotation

< An electromechanical device used to convert electrical energy
into rotating mechanical energy
«  DC types
~  Series or Shunt wound
- Compound (contains both series and shunt windings)
¢«  AC types
— Single-phase
- Three-phase
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Commen n-md'rmuiuhn

MmmmmwmﬂmmMmmﬁm then reverses and flows
the opposite direction,

Am Amﬁ}memnofmmofehmlmmhmndmm
work or expended energy.

mmdewiulpmpe that allows the flow of electricity. Any element with
one free electron in uneomrg! oy

Direct Current {DC): Current that fiows in only one direction.

Frequency: The number of times a sine wave repeats In one second. Also known as
cycles or Hertz (Hz).

Harmonics: Additional sine waves generatad from the original sine wave. Third
hamonics may cause overheating problems in electrical circults.

inductian: Tbemlnwhidunh:mamﬂddumesavdmmdwnemm
magnetic fleld.

fiow in another separate circult within that
Insulator: An electrical ﬂmmﬂ!ﬂwdm Any element that

has five or more electrons in the outermost

wmm,mmﬂmmmvﬂm,mn&mdmktzm

Ohm: mﬁnnofmafmmanmwm

Owerload: Condition in which the current rating of the load Is exceeded. The load
mwmmmmmmmnsm

mmmm«ummumsmmuam:am

Polarfty: The refstionship of one coll or winding to another, dockwise and counter-dockwise.

‘Potantisl: The presence of voltage between two conductors.

Rasistance: The cpposition of current flow measured in chms {0).

Resistor: A solid state device with a designated amount of resistance.

Service; The entrance, or connecting point, for the power source of a buliding.

Shoré Cireult: A circult that has no load between the hot and neutral conductors.

mmmm.mmmmmmwmmm.

Vot The unit of measure of voltage (E).

Watt: The unit of measure of power used in a drcut.

; Ohm's Law

One voht of electromotive force will force one amp of current flow through one ohm
of resistance.

£ = Voltzge

i =Current

R = Resistance

P = Powar (watis)

There are 3 formulas for
eoch value

Bzmplae:
1. What is the current in a 120 volt circult with a load of 1800 watis?

1= PJE=1800/120 = 15 amps
2. What is the Voltage of a circult with a resistance of 12 0 and a current draw of 10

amps?
E=iR=10x12 = 120 volts
Krchkioff's Lows

. Current: the sum of current in a junction equals the sum of current out of the junction.

(Whamu in must come out)
| Voktage: The alzebraic sum of the vottage (potenml) differences in any loop must equal

zero. {Velkeze zoplisd swnage reps)

TR

Current fiows through the lamp filament to comvert
electrical energy to haat and light

M Voltage:
> An Bectromotive force {emd) that forces electridty to flow through
& dreuht and b measured In Vol (V).

’J x - - -y - - P - - - - .o -
] - Voltage forces current flow through a resistance. The current retumns to the source,
. There must be a complete path for electrical current to flow.

=
Singlo-Phase Power
VOLTS
O-to-peak peak to peal
____RMs
: rool-mean-sgusre
¢ ‘ (peak X 0.707)
] ¢ 1
| Single-Phase (1) Power: One complete cycle of a sine wave. North America operates
. atafrequency of 60 Hz (cycles per second).
b :
[ Threc-Phess Power
4 VOLTS

TIRME

s

Three-Phose (3] Power: Consist of three separate sine waves equally spaced 120°

apart. The z2dvantage of 30 power is more energy can be delivered to & lozd per unit
of time. #ost commercial 2nd industrial facilities are supplied with 3@ power.

SRS N e e




Tagmﬁnhcﬁw llirnlmdim 'c t:urrunt vs. Sensaiion Resulis

Placed to protect employee from hazardous " Curemt s
differences in potential. . - . o —
0.3 to 3 milliamps Tingling
Capacity must be sufficient size to carry fault current. 3 to 10 milliamps Musdle contraction and pain
. Mustmeet ASTMA Stenderd F 855° o et gy thesiond
30 to 75 millia rato i
Impedance must be Jow enough to aliow for =" S
immediate operation of protective devices. 100 to 200 milkamps Ventricular fibrillation
200 to 500 milliamps Heart clamps tight
1.5 amps Tissue and organs start to bumn
: @F'ﬁ?‘% T The length of time a body is exposed to electrical current, as well as the path of the
b SR A mmmmmmmwmmmdmummam
‘ Eug[inll ﬂlclm:ll Wnrk Plrmil J e demiin s st ot Mt pcicsrdf
-‘$_  B becoming part of the electrical circuit; otherwise, ammmmm
B8 R - :
| (1) when Required. - When work is performed es parmitted In accordance with 3 mmﬂ Time to Reach Bams “'- Cautod
130.2(A), an energized electrical work permit shall be required and documented 5 3 ; ’ W ; h EEER
under any of the following conditions: ’,-: 6.0 Hours Cell breakdown begins

(1) When work is performed within the restricted approach boundary 1.0 second Total cell destruction

0.1 second

(2) When the employee interacts with the equipment when conductors or
circuit parts are not exposed but an increased likelihood of injury from an
exposure to an arc flosh hozard exists

{2) Elements of Work Permit - The work permit shall include, but not be limited
to the following items:

(1) Description of the dircuit and equipment to be worked on and their location

T .W.‘Fw e ARy |

: _m_ M A S
5 - - ;

(2) Description of the work to be performed " Reting % b use U AN

(3) Justification for why the work must be performed in an energized Protected electronic equ.lipmem. h!;h-mltage low-energy

condition [see 130.2(A)] caTI sources derived from a high-winding resistance transformer.

(4) Description of the safe work proctices to be employed [see 130.3(A)] i Lase m&‘:ﬁom;ﬁf'm m&h
60 feet from CAT IV source.

(5) Results of the shock risk assessment [see 130.4(A)]

3-phase distribution, induding single-phase commercial lighting;
a.  Voltoge to which personnel will be exposed CATUI wMuwmem bus and feeders, lighting systems
b.  Limited approoch boundary [see 130.4{E), Table 130.4(D}{a), : in larger buildings.
ond Table 130.4(D){b)] ! 3 at utiity o
¢.  Restricted opproach boundory [see 130.4(F), Toble 130.4{D}[a), e -phase connection, outdoor conductors;
g b e e el el 1 B | earw *Grigin of Installation”, electricity meters, service drop from
d.  Personal and other protective equipment required by this - pole to bullding, overhead lines etc.
standord to safely perform the assigned task and to protect
inst the shock hazard [see 130.4(€), Table 130.7(C)(1) b a mme r{&ﬂfn v:'gun a —
through (C}{16), and 130.7(D, | category indicates mete
rough (C){16), o 7(0)) EL ‘u;iwmrrdamomwpmhdhndem
. 4 example, 3 Nl — 1000V meter
(6] Results of the arc flash risk assessment [see 130.5] & offers greater protection than a CAT
o.  Available incident energy ot the working distance or orc flash & 2;““5 Wﬂmmpe&ﬂnm w
PPE category [see 130.5] ¥ voltage rating on a lower category
b.  Personal and other protective equipment required by this * ' meter will give better protection, A
stondard to protect against the arc flash hozord [see 130.5(F), | CAT Il - 1000V meter will NOT
130.7(C)(1) through (C){16), Table 130.7(C)(15){c), and 130.7(Dj] ' the operator better than a CAT il
c.  Arc flash boundary [see 130.5(E)] © - 600V meter, because the source
. Impedance increases with the category. Evenﬂ:mhmevolh;enﬁnscould a
(7) Means employed to restrict the occess of unqualified persons from the . appear lower, the higher category multimeter offers transient protection several or {
] work area [130.3] ¢ many Ii_mes hig!ner than }he lower one because of the source impedance. ¥
. (8) Evidence of completion of a job briefing, including a discussion of any I s
i job-specific hozards [see 110.1{1)] } B re akars & !-'nsas :
(9) Energized work approval (outhorizing or responsible management, { o
safety officer, or owner, etc.) signature(s) Fuse Stzafinverse |  Minkmum She Medmum RMeximum Ron-
! Timo Breeker of Wirc Continuous Losd | Cominuous leed | |
Informetional Kote: For an example of an acceptable energized work d
permit, see Figure J.1. i
C— { i i
(3) Exomptions to Work: Fermit - Electrical work shell be permitied without zn 15 14 12 1 :
energized elactrical work permit If e qualified person Is provided vith and uses e 2ope sl s i
zppropriste safe work practices end PPE In cccordance with Chapter 1 under 20 B 12 awp 16 amps 20 2mps
any of the following conditions: - 1
PR S ————— | 25 10 awg 20 amps 25 amps
: ; ; MR eyt S [ -
(1) Testing, troubleshooting, or voltage measuring i 125 ] 1./0 &wz 100 amps 125 amps
(2) Thermography, ultrasound, or visual inspections if the restricted 150 3/0 awg 120 amps 150 amps
boundary is not crossed | S SR ten i S
200 250 kemil 160 amps 200 amps
(3) Access to and egress from an area with energized electrical equipment il
if no electrical work is performed and the restricted approach boundary is Wire sizz must b2 an ampadity equal to of grester then the ampadty of the !
not crossed | breakar or fuse. Example: A #12 awg wire cannot be installed to a 30 amp Breaker
s e
(4) Generol housekeeping ond miscellaneous non-electrical tosks if the MEC® Article 230 & 440 ace the ewcnption to thie ruls o .
restricted approach boundary is not crassed J i

e~ o e e A e o e S



Establishing and verifying an electrically safe work condition shall Include a of the
following steps, which shall be parformed in the order presented, if feasible:

i 1 (1) Determine all possible sources of electrical supply to the specific equipment.
. | Check applicable up-to-date drawings, diagrams, and identification tags.

(2) Aher properly interrupting the load current, open the disconnecting device(s) for
each source.

(3) Wherever possible, visually verify that all blades of the disconnected devices are
open or that drawout-type circuit breakers are withdrawn to the fully disconnected

(4) Release stored electrical energy.
{5) Release or block stored mechanical energy.
(6) Apply lockout/tagout devices In accordance with 2 documented & established procedure.

(7) Use an adequately rated portable test instrument to test each phase conductor or
circuit part to verify it is de-energized. Test each phase conductor or circuit part both
phase-to-phase and phase-to-ground. Before and after each test, determine that the test
instrument is operating satisfactorily, through verification on any known voltage source.

Exception No. 1: An adequately rated permanently mounted test device shall be
permitied to be used to verify the absence of voltage of the conductors or circuit

parts at the work location, provided it meets oll the following requirements:

{1) it is permanertly mounted and installed in accordance with the manufacturer's |
instructions and tests the conductors and circuit parts at the point of work.

fully
position,

(2) #t is listed and labeled for the purpose of verifying the absence of voltage.

(3) It tests each phase conductor or circuit part both phase-to-phase and
phase-to-ground.

{8) The test device is verified as operating satisfactorily on any known
voltage source before and after verifying the absence of voltage.

Exception No. 2: On electricol systems over 1000 volts, noncontact test instruments
shall be permitted to be used to test each phase conductor.

informational Note No. 1: See UL 61010-1, Safety Requirements for
Electrical Equipment for Measurement, Control, and Laboratory Use, Part
1: General Requirements, for rating, overvoltage category, and design
requirements for voltage measurement and test instruments intended for
use on electrical systems 1000 volts and below.

Informstional Note No. 2: For additional information on rating and design
requirements for voltage detectors, refer to IEC 61243-1, Live Working -

Detectors - Part 1: Capocitive type to be used for voltages exceeding
1kVa.c, or IEC 61243-2, Live Working - Voltage Detectors - Part 2: Resistive
type to be used for voltages of 1kV to 36kV a.c., or IEC 61243-3, Live Working
- Voltage Detectors - Part 3: Two-pole low voltage type.

(8) Where the possibility of induced voltages or stored electrical energy exists,
ground the phase conductors or circuit parts before touching them. Where it could
be reasonably anticipated that the conductors or circuit parts being de-energized
could contact other exposed energized conductors or circuit parts, apply temporary
protective grounding equipment in accordance with the following:

(1) Placement. Temporary protective grounding equipment shall be placed ot such
locations ond arranged in such @ manner as to prevent each employee from being |
exposed to a shock hazord (i.e. hazardous differences in electricol potential). The
location, sizing, and application of temporary protective grounding equipment
sholl be identified as part of the empayer's Job plenning.

(2) Capacity. Temporary protective grounding equipment shall be copable of
conducting the maximum foult current that could flow ot the point of grounding

for the time necessory to cleor the fouk.

informations! Note: ASTM FBS5, Standord Specification for Temporary
Protective Grounds to be Used on De-energized Electric Power Lines and
Equipment, is an example of a standard that contains information on
capactity of temporary protective grounding equipment.

(3) Impedonce. Temporary protective grounding equipment and connections shall
have an impediance low enough to couse immediate operation of protective devices

e s T
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in cose of unintentional energizing of the electric cinductors or circuit parts.

1. Employer establishes procedures and

2. Training provides training on these procedures
3. Retraining 2. Two forms of control permitted

4, Tralning Documentation a. Simple LOTO

5.Plan b. Complex LOTO

6. Control of Energy 3. Audit procedures (Annually)

Equipment

| | 1. Simple lockout/tagout procedure 1. Lock application

| | | 2 Complex lockout/tagout procedure 2. LOTO device

' | 3. Coordination of procedures 3. Lockout device

: 4. Tagout device

W 5. Electrical circuit Interlocks
& 6. Control devices

Procedures - Equipment

d. Simple lockout/tagout
e. Complex LOTO

g- Grounding

b. Release of stored energy h. Shift change
¢ Disconnecting means i. Coordination
d. Responsibiiities j. Accountability of personne!
e. Verification k. Lockout/Tagout application

I. Removal of Lockout/Tagout Devices
for additional Information.

A

{Ground-Fault Crcult Interrupter (GFCI). A device intended for the protection of
personnel that functions to de-energize a circult or portion thereof within an
established period of time when a current to ground exceeds the values established
for a Class A device. [NEC® Article 100]

Informational Note: Class A ground-fault circuit-interrupters trip when the current

to ground is 6 mA or higher and do not trip when the current to ground s less than 4
mA. For further information see ANSI/UL 943 Standard for Ground-Fautt.

NFPA 702° Article 110.6 Ground-Feult Circult-interrupter (GFCI) Protection.

(1) General. Employees shall be provided with ground fault circuit-interrupter (GFCI)
protection where required by applicable state, federal, or local codes and standards.
Listed cord sets or devices incorporating listed GFCl protection for personnel identified
for portable use shall be permitted.

{2) Malntenance and Construction. GFCI protection shall be provided where an
employee is operating or using cord- and plug-connected tools related to maintenance
and construction activity supplied by 125-volt, 15-, 20-, or 30-ampere circuits. Where
employees operate or use equipment supplied by greater than 125-vokt, 15-, 20-, or
30-ampere circuits, GFCI protection or an assured equipment grounding conductor
program shall be implemented.

{3) Outdoors. GFCI protection shall be provided when an employee is outdoors and
operating or using cord- and plug-connected equipment supplied by 125-volt, 15-, 20-,
or 30-ampere circuits. Where employees working outdoors operate or use equipment
supplied by greater than 125-volt, 15-, 20-, or 30-ampere circuits, GFCI protection or
an assured equipment grounding conductor program shall be implemented.

ey

RFRA 70E° Artide 110.6{D) Ground-Fouft Circultdntervupter Protection Devices, GEQ!
protection devices shall be terted In ceoordence with the menufacturer’s Inctructions,

F e infor see OSHA §




Voltage (measured in volts) is the electromotive force (EMF) or “push” that moves
electrons along a conductor. It can also be described as the amount of electrical
pressure in a circuit. Voltage is either direct current (DC) or alternating current
(AC). On an electrical schematic or drawing, or in calculations, voltage is
represented by the letter E.

Voltage drop is the voltage loss (drop) that occurs in passive parts of the circuit
(i.e. not the source) due to impedance. While some voltage drop is expected,
excessive voltage drop is usually a sign that some part of the circuit is damaged.
The sum of the voltage around a closed circuit is to the applied voltage. Voltage
drop may cause electrical fires, improper operation of equipment, and /or
equipment damage.

Current (measured as amperage or amperes) is the volume of electricity (number
of electrons) moving past a pointin a 1 — second time period. Current is best
described as the flow of electrons through an electrical circuit. Different voltage
sources produce different amounts of current, depending on the impedance of the
circuit. On an electrical schematic or drawing, or in calculations, current is

represented by the letter | . Current will flow through a circuit when there is a
continuous path between the terminals of the voltage source.

Resletance is the opposition to the flow of electrons and is measured in chms. On
an electrical schematic or drawing, or in calculations, resistance is represented by
the letter R. Units of resistance are ohms, represented by the omega (Q)
Resistance should not be measured on a circuit that is powered.

Impedance is the combination of resistance and reactance (caused by magnetic
fields and capacitance) in an AC circuit and is also represented by the omega (Q).
On an electrical schematic or drawing, or in calculations, impedance is represented
by the letter Z.

Power is the rate of doing work or using energy and is represented by the letter P.
Power can best be described as the rate at which electrical energy is transferred
by electrical circuit. It is measured in watts (W) or kilowatts (KW). A watt measures
the rate of energy conversion for electrical and electromagnetic applications; a
kilowatt equals 1,000 watts. Kilowatts are used to describe the output power of
engines as well as the power consumption rate of electric motors and tools. As a
point of comparison, a window fan uses about 200 watts, while a dishwasher might
use up to 2,400 watts or 2.4 kilowatts.

True power is the actual power dissipated by a load and is expressed in watts (W).

Reactive power is the power in a circuit that is lost to magnetic fields and
capacitance. Reactive power is measured in the unit of volt-amps-reactive (VAR).
Apperent pever is the total power in the circuit (dissipated and absorbed power)
and is measured in the unit of volt-amps (VA). The unit kVA represents 1,000 voli-
amperes.
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Capacitance is the ability to hold an electric charge, or the property of an
electric circuit that opposes changes in voltage. Capacitance is measured in
ohms and directly opposes inductive reactance in an AC circuit. A capacitor is
any device that stores electrical energy using an electrostatic field.
inductance allows voltage to be generated proportional to the rate of change
in a circuit. Inductance reactance is also measured in ohms and directly
opposes capacitance in an AC circuit

Impedance is the total opposition to current flow in an AC circuit and is the
result of resistance, capacitive reactance, and inductive reactance.
Ampacify is the maximum amount of electrical current that a cable can carry
before exceeding it's temperature rating , deteriorating or failing.

A load is any device that converts electrical energy to motion, light, heat, or
sound. A load might be something like a heating coil, a lamp, or a motor.
Loads can either be inductive loads (such as motors or transformers) or
resistive loads (such as incandescent lighting or resistance heat).

An electrical fault is any abnormal flow of electrical current. Grounding refers
to connecting an electrical circuit to the earth (ground) in order to minimize and
prevent contact with dangerous voltage. It can refer to circuits that have no
physical connection to the earth; in this case, what is called the ground
connection refers to the return circuit path for the electrical current and is often
referred to as a common. A ground fault occurs when a circuit in this system
sends current through the earth (or return circuit) at a sufficiently high current
to be dangerous. A ground-fault circuit interrupter (GFI or GFCI) is a circuit
breaker that is designed for use in wet or hazardous locations—they are quite
common in bathroom and kitchen outlets and will be used in the kitchens,
outside, in garages, or in any wet location. The GFl is a thermal-magnetic
breaker that also detects leak to the ground:; if this current leak exceeds 4-6
milliamperes, the circuit is broken. (A milliampere (.mA) is 1/1000 of an
ampere.)

Bonding refers to deliberately connecting (electrically) all metal parts in a
system that do not carry current. This means that all these parts have the
same electrical potential, and differences in current do not exist, reducing the

electrical danyer.




*Pie Wheels

¢ To find the quantity above the horizontal line: multiply the pie wedges below the line together.
» To solve for one of the pie wedges below the horizontal line: cover that pie wedge, then divide the remaining pie wedge(s)

into the quantity above the horizontal line.

e Given units must match the units shown in the pie wheel.
e When US and metric units or values differ, the metric is shown in parentheses, ¢.g. (m?).
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is available at the end of this document
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