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Introduction

Tips on Taking Tests

It is the author’s experience that, for most electricians, knowing how to take a test is almost as important as knowing the technical information, as far as obtaining a passing grade is concerned. A great number of electricians fear tests more than they fear 480 volts.

Really, there is no good reason why this should be so. After all, if hundreds of thousands of men and women can pass these tests, anyone interested who gives a real effort and pays particular attention to some basic rules can succeed. Some basic rules for taking tests are these:


1. Know the material being covered.

2. Know the format of the test.

3. Be physically and mentally prepared on the exam day.

4. RELAX!

5. Work the test in the smartest way you can.



The first point, knowing the material being covered, is a mandatory prerequisite. Most test failures come from violating this rule. No, it isn’t always easy to learn all the material to be tested. It requires hours—sometimes many hours—of studying, when you’d rather be doing other things. It means that you have to make your brain work harder than it wants to, going over the material again and again. Sorry, but unless you have an exceptional aptitude for learning there are no shortcuts for hard, intense study. A good study guide (like this book) is about as much help as you can get.

The second rule for taking tests is that you need to know the format of the test. Some of the things you need to know are the following:


How many questions are on the test?

How many questions are open-book?

How many are closed-book?

Do all questions count for the same number of points?

Is there a penalty for wrong answers?

How much time is allowed for each section of the test?

Who wrote the test?

How will the test be graded?



By knowing the answers to these questions, you can plan your efforts intelligently. For example, if certain questions will count for more points than others, you should be ready to spend more time and effort on those questions. By knowing the time limits, you can calculate how much time you have for each question, and so on. Get answers to all of these questions and consider all of these facts as you prepare for the exam.

Now, as for being physically and mentally prepared: I think most readers are familiar with the way athletes prepare for an event. They make sure they eat the right kinds of food, so that they have enough energy. They get plenty of sleep, and they come to the event planning to win. The same thing should be done in preparation for a test.

The most important factor is what we already mentioned: planning to win. Psychologists have found that the results one achieves are directly related to what one expects to receive. If you believe that you will do well, you are quite likely to do well. (Of course, you can kill the whole deal by not studying, then faking your belief in yourself.) If you expect to do poorly, you probably will, regardless of how much studying you’ve done.

Remember, it does not matter what you wish for; what matters is what you expect. I’ll pass on to you one of my favorite quotes along these lines, from Robert J. Ringer: “The results you produce in life are inversely proportional to the degree to which you are intimidated.”

If you want to improve your confidence (expectations) in your test-taking abilities, picture yourself as having aced the test; refuse to imagine yourself failing. You’ll also have to spend as much time studying as is necessary to believe in yourself.

On the day of a test, you want to walk in well rested (but not still groggy), having been well fed (but not full), and with a subdued confidence. Generally, heavy studying the night before the test is not a good idea. Do a light review and leisurely go over difficult parts of the information if you like, but the night before is not the time to get intense. You should have been intense two weeks ago. The night before the test is a time to eat well and go to bed early. Try not to eat within two or three hours of the test, as it tends to bog you down. It has been said that the level of mental efficiency is greatest on an empty stomach.

Confidence is built on a good knowledge of the material to be covered and the ability to pass with style.

Once you enter the test location, relaxing is very important. If you choke up during the test, you are automatically taking 5 points off of your score, and possibly more. You should have the same attitude as runners who show up for races they know they will win. They are ready to run their fastest, but they are not nervous, because they know that their fastest is good enough.

Before taking the test, clear your mind; don’t get involved in trivial conversations. Then, when it is time to answer the questions, dig into the test with your full strength.

During the test, answer all of the easy questions first. Do all of the questions that you know the answers to; pass up the hard questions for now, and do the ones you know for sure. Then, once you have answered these questions, don’t go over them again; just move on to the next group of questions. Next, do the questions that require some work, but do not do the most difficult questions; save them for last. It is silly to waste half your time on one difficult question. Do the 47 easier questions, and then come back to the 3 especially difficult ones.

Work the test in the smartest possible way. Pay attention to time requirements, books allowed during open-book tests, and so on. For your electrical exam, you should definitely put tabs on your codebook. Bring an electronic calculator with you and some scratch paper (as long as you are allowed to). Rather than buying a set of codebook tabs, I recommend that you create your own. Tab the index and the sections of the code that you use most frequently. I generally put tabs on the following:


Tables 250.66 and 250.122 (sizes of ground wires)

Table 310.15(B) (wire ampacities)

Appendix C (conduit fill tables)

Article 230 (services)

Table 300.5 (burial depths)

Tables 370.6 (number of wires in boxes)

Article 430 (motors)

Article 450 (transformers)

Article 490 (over 600 volts)

Article 500 (hazardous location wiring)

Article 590 (temporary installations)

Article 700 (emergency systems)



Remember: If hundreds of thousands of other people have passed these tests, you can, too — if you prepare.

Electrical Symbols

To avoid confusion, American Standards Association (ASA) policy requires that the same symbol not be included in more than one standard. If the same symbol were to be used in two or more standards and one of these standards was revised, changing the meaning of the symbol, considerable confusion could arise over which symbol was correct, the revised or the unrevised.

The symbols in this category include, but are not limited to, those in the following list. The reference numbers are the American Standard Y32.2 item numbers.
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List of Symbols

1.0 Lighting Outlets
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*In the case of combination continuous-row fluorescent and incandescent spotlights, use combinations of the above Standard symbols.

**In the case of a continuous-row bare-lamp fluorescent strip above an area-wide diffusion means, show each fixture run, using the Standard symbol; indicate area of diffusing means and type of light shading and/or drawing notation.

2.0 Receptacle Outlets

Unless noted to the contrary, it should be assumed that every receptacle will be grounded and will have a separate grounding contact.

Use the uppercase subscript letters described under Section 2 item a-2 of this Standard when weatherproof, explosion-proof, or some other specific type of device will be required.
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*Use numeral or letter, either within the symbol or as a subscript alongside the symbol keyed to explanation in the drawing list of symbols, to indicate type of receptacle or usage.

*Use numeral or letter, either within the symbol or as a subscript alongside the symbol keyed to explanation in the drawing list of symbols, to indicate type of receptacle or usage.

3.0 Switch Outlets
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Signaling System Outlets

4.0 Institutional, Commercial, and Industrial Occupancies

These symbols are recommended by the American Standards Association but are not used universally. The reader should remember not to assume that these symbols will be used on any certain plan and should always check the symbol list on the plans to verify whether these symbols are actually used.
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Signaling System Outlets

5.0 Residential Occupancies

When a descriptive symbol list is not employed, use the following signaling system symbols to identify standardized, residential-type, signal-system items on residential drawings. Use the basic symbols with a descriptive symbol list when other signal-system items are to be identified.
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6.0 Panelboards, Switchboards, and Related Equipment
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7.0 Bus Ducts and Wireways
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*Identify by notation or schedule.

8.0 Remote Control Stations for Motors or Other Equipment*
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*Identify by notation or schedule.

9.0 Circuiting

Wiring method identification by notation on drawing or in specification.
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10.0 Electric Distribution or Lighting System, Underground
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*Identify by notation or schedule.

11.0 Electric Distribution or Lighting System, Aerial
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*Identify by notation or schedule.

4 Arrester, Lighting Arrester (Electric surge, etc.) Gap
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7 Battery
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11 Circuit Breakers
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Note 11.3A—On a power diagram, the symbol may be used without other identification. On a composite drawing where confusion with the general circuit element symbol (item 12) may result, add the identifying letters CB inside or adjacent to the square.

13 Circuit Return

[image: ]

15 Coil, Magnetic Blowout*

[image: ]

*The broken line (— - —) indicates where line connection to a symbol is made and is not a part of the symbol.

23 Contact, Electrical

For buildups or forms using electrical contacts, see applications under CONNECTOR (item 19), RELAY (item 66), and SWITCH (item 76). See DRAFTING PRACTICES (item 0.4.6).

[image: ]

It is standard procedure to show a contact by a symbol that indicates the circuit condition produced when the actuating device is in the nonoperated, or deenergized, position. It may be necessary to add a clarifying note explaining the proper point at which the contact functions—the point where the actuating device (mechanical, electrical, etc.) opens or closes due to changes in pressure, level, flow, voltage, current, etc. When it is necessary to show contacts in the operated, or energized, condition—and where confusion would otherwise result—a clarifying note shall be added to the drawing. Contacts for circuit breakers, auxiliary switches, etc., may be designated as shown below:


a. Closed when device is in energized or operated position.

b. Closed when device is in deenergized or nonoperated position.

aa. Closed when operating mechanism of main device is in energized or operated position.

bb. Closed when operating mechanism of main device is in deenergized or nonoperated position.



[See American Standard C37.2-1962 for details.]

In the parallel-line contact, symbols showing the length of the parallel lines shall be approximately 1¼ times the width of the gap (except for item 23.6).
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24 Contactor

See also RELAY (item 66).

Contactor symbols are derived from fundamental contact, coil, and mechanical connection symbols and should be employed to show contactors on complete diagrams. A complete diagram of the actual contactor device is constructed by combining the abovemen-tioned fundamental symbols for mechanical connections, control circuits, etc.

Mechanical interlocking should be indicated by notes.
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Note 24.2A—The asterisk is not a part of the symbol. Always replace the asterisk by a device designation.

46 Machine, Rotating
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*The broken line (– – –) indicates where line connection to a symbol is made and is not a part of the symbol.

48 Meter Instrument

As indicated in Note 48A, the asterisk is not part of the symbol and should always be replaced with one of the letter combinations listed below, according to the meter’s function. This is not necessary if some other identification is provided in the circle and described in the diagram.




	A
	Ammeter



	AH
	Ampere-hour



	CMA
	Contact-making (or breaking) ammeter



	CMC
	Contact-making (or breaking) clock



	CMV
	Contact-making (or breaking) voltmeter



	CRO
	Oscilloscope or cathode-ray oscillograph



	DB
	DB (decibel) meter



	DBM
	DBM (decibels referred to 1 milliwatt) meter



	DM
	Demand meter



	DTR
	Demand-totalizing relay



	F
	Frequency meter



	G
	Galvanometer



	GD
	Ground detector



	I
	Indicating



	INT
	Integrating



	μA or UA
	Microammeter



	MA
	Milliammeter



	NM
	Noise meter



	OHM
	Ohmmeter



	OP
	Oil pressure



	OSCG
	Oscillograph string



	PH
	Phasemeter



	PI
	Position indicator



	PF
	Power factor



	RD
	Recording demand meter



	REC
	Recording



	RF
	Reaction factor



	SY
	Synchroscope



	TLM
	Telemeter



	T
	Temperature meter



	THC
	Thermal converter



	TT
	Total time



	V
	Voltmeter



	VA
	Volt-ammeter



	VAR
	Varmeter



	VARH
	Varhour meter



	VI
	Volume indicator; meter, audio level



	VU
	Standard volume indicator; meter, audio level



	W
	Wattmeter



	WH
	Watthour meter



	Meter Instrument.





58 Path, Transmission, Conductor, Cable, Wiring
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63 Polarity Symbol




	+
	63.1

	Positive




	-
	63.2

	Negative




	Polarity Symbol.





76 Switch

See also FUSE (item 36); CONTACT, ELECTRIC (item 23); and DRAFTING PRACTICES (items 0.4.6 and 0.4.7).

Switch symbols may be constructed using the fundamental symbols for mechanical connections, contacts, etc.

In standard procedure, a switch is represented in the nonoperat-ing, or deenergized, position. In the case of switches that have two or more positions in which no operating force is applied and for those switches (air-pressure, liquid-level, rate-of-flow, etc.) that may be actuated by a mechanical force, the point at which the switch functions should be described in a clarifying note.

In cases where the basic switch symbols (items 76.1–76.4) are used in a diagram in the closed position, the terminals must be included for clarity.
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86 Transformer
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*The broken line (- — -) indicates where line connection to a symbol is made and is not a part of the symbol.





1

Review Definitions

Definitions are covered in Article 100 of the National Electrical Code (NEC). The questions that follow will not cover all of the definitions but only the more pertinent ones. The answers given here are the author’s. Refer to Article 100 of the NEC for the official definitions. Some definitions appear in the Code elsewhere than Article 100 (see NEC, Index).

1-1 What does “accessible” mean as applied to wiring methods?

It means readily available to inspection, repair, removal, and so on, without disturbing the building structure or finish; not permanently closed by the structure or finish of a building.

1-2 What does “accessible” mean as applied to equipment?

It means equipment that may be readily reached without climbing over obstacles—that is, not in locked or other hard-to-get-at areas such as panelboards mounted inside kitchen cabinets or mounted in or on the walls above washers and dryers or in closets or bathrooms; service-entrance equipment that can be reached only by going into a closet, behind a stairway, or around some other obstacle. All of these would not be termed “accessible.”

1-3 What does “ampacity” mean?

It means the amount of flowing current (in amperes) that a conductor can carry continuously for specific-use conditions and not exceed the temperature rating of the conductor (see NEC, Section 310.10).

1-4 What is a building?

A building may be a structure that stands by itself or one that is separated from another by a fire wall.

1-5 What does “dead front” mean?

It means that no live (energized) parts are exposed to a person operating that electrical equipment.

1-6 What does “approved” mean?

It means any appliance, wiring material, or other electrical equipment that is acceptable to the enforcing authorities. Underwriters Laboratories (UL) is (by far) the most acceptable authority to inspectors. A note of caution: Do not be fooled by a UL label on the motor or cord of an appliance but without such a label on the entire article (see NEC, Section 110.2). The entire appliance must be approved, not just the cord.

1-7 What does “identified” mean as it is applied to equipment?

It means that the equipment is suitable for the particular use or environment, and that it has been evaluated by a qualified electrical testing organization and features a product listing or label indicating its suitability.

1-8 What is a branch circuit?

A branch circuit is the portion of a wiring system that extends beyond the last overcurrent-protective device. In interpreting this, you must not consider the thermal cutout or the motor overload protection as the beginning of the branch circuit. The branch circuit actually begins at the final fusing or circuit-breaker point where the circuit breaks off to supply the motor.

1-9 What is a small-appliance branch circuit?

This is the circuit supplying one or more outlets connecting appliances only; there is no permanently connected lighting on this circuit, except the lighting that may be built into the appliance. This term is most often used in connection with Sections 210.11(C)(1) and 210.52(B) of the NEC, which refers to outlets for small-appliance loads in kitchens, laundries, pantries, and dining and breakfast rooms of dwellings.

1-10 What is a general-purpose circuit?

This is a branch circuit to which lighting and/or appliances may be connected. Lighting may be connected to this circuit, whereas lighting cannot be connected to the circuit mentioned in question 1-10.

1-11 What is a multiwire branch circuit?

A multiwire branch circuit has two or more ungrounded conductors with a potential difference between them and also has a grounded (neutral) conductor with an equal potential difference between it and each of the other wires, for example, a three-wire 120/240-volt system or a 120/208-volt wye system, using two- or three-phase conductors and a grounded conductor. However, in either case, the “hot” wires must not be tied to one phase but must be connected to different phases to make the system a multiwire circuit (see NEC, Section 210.4).

1-12 What is a circuit breaker?

It is a device that is designed not only to open and close a circuit nonautomatically but also to open the circuit automatically at a predetermined current-overload value. The circuit breaker may be thermally or magnetically operated; however, ambient temperatures affect the operation of the thermally operated type, so that the trip value of the current is not as stable as with the magnetic type.

1-13 What is a current-carrying conductor?

It is a conductor that is expected to carry current under normal operating conditions.

1-14 What is a non-current-carrying conductor?

It is one that carries current only in the event of a malfunction of equipment or wiring. An equipment grounding conductor is a good example; it is employed for protection and is quite a necessary part of the wiring system, but it is not used for carrying current, except in the case of faulty operation, where it aids in tripping the overcurrent-protective device.

1-15 What is a pressure connector (solderless)?

It is a device that establishes a good electrical connection between two or more conductors by some means of mechanical pressure. A pressure connector is used in place of soldering connections and is required to be of an approved type. A wirenut is the most common connector of this type.

1-16 What is meant by “demand factor”?

This is the ratio between the maximum demand on a system or part of a system and the total connected load on the same system or part of the system.

1-17 What is meant by “dusttight”?

It means the capacity to keep dust out of the enclosing case so that dust cannot interfere with normal operation. This is discussed further in connection with Articles 500 and 502 of the NEC, both of which cover hazardous (classified) locations.

1-18 What is meant by “explosionproof apparatus”?

It means an apparatus enclosed in a case that is capable of sustaining an explosion that may occur within itself and is also capable of preventing ignition of specified gases or vapors surrounding the enclosure by sparks, flashes, or explosion of the gases or vapors within; it must also operate at a temperature that will not ignite any flammable atmosphere or residue surrounding it. If an explosion does occur within the equipment, the gases are allowed to escape either by a ground joint or by threads, and the escaping gases are thereby cooled to a temperature low enough to inhibit the ignition of any external gases.

1-19 What are feeders?

Feeders are the circuit conductors between the service equipment or the source of a separately derived system and the final branch-circuit overcurrent device or devices. Generally, feeders are comparatively large in size and supply a feeder panel, which is composed of a number of branch-circuit overcurrent devices. See Article 215 of the NEC.

1-20 What is a fitting?

A fitting is a mechanical device, such as a locknut or bushing, that is intended primarily for a mechanical, rather than an electrical, function.

1-21 What is meant by a “ground”?

It means an electrical connection, either accidental or intentional, that exists between an electrical circuit or equipment and earth or some other electrical conducting body that serves in place of the earth and ultimately connects to the earth.

1-22 What does “grounded” mean?

It means connected to earth or to some other conducting body that serves in place of the earth.

1-23 What is a grounded conductor?

It is a system or circuit conductor that is intentionally grounded.

1-24 What is a grounding conductor?

It is a conductor that is used to connect equipment, devices, or wiring systems with grounding electrodes.

1-25 What is a grounding conductor (equipment)?

It is the conductor used to connect non-current-carrying metal parts of equipment, raceways, and other enclosures to the system grounding conductor at the service and/or the grounding electrode conductor.

1-26 What is a grounding electrode conductor?

It is a conductor used to connect the grounding electrode to the equipment grounding conductor and/or to the grounded conductor of the circuit at the service.

1-27 What is a dwelling unit?

A dwelling unit includes one or more rooms used by one or more persons, with space for sleeping, eating, and living, and a permanent provision for cooking and sanitation.

1-28 What is an outlet?

It is a point in the wiring system at which current is taken to supply some equipment.

1-29 What is meant by “raintight”?

It means capable of withstanding a beating rain without resulting in the entrance of water.

1-30 What is a receptacle?

A receptacle is a contact device installed at the outlet for the connection of a single attachment plug. A single receptacle is a single device with no other contact device on the same yoke. A multiple receptacle is a single device containing two or more receptacles.

1-31 What does “rainproof” mean?

It means so constructed, protected, or treated as to prevent rain from interfering with the successful operation of the apparatus.


NOTE

Pay particular attention to the following questions; they involve services and are probably among the most misused of any definitions in the NEC.



1-32 What is meant by the term “service”?

“Service” refers to the conductors and equipment for delivering electrical energy from the secondary distribution system—the street main, the distribution feeder, or the transformer—to the wiring system on the premises. This includes the service-entrance equipment and the grounding electrode.

1-33 What are service conductors?

They are the portion of the supply conductors that extends from the street main, duct, or transformers to the service-entrance equipment of the premises supplied. For overhead conductors, this includes the conductors from the last line pole (this does not mean the service pole) to the service equipment.

1-34 What is a service cable?

A service cable is a service conductor manufactured in the form of a cable and normally referred to as “SE cable” or “USE cable” (see NEC, Article 338).

1-35 What is meant by the term “service drop”?

“Service drop” refers to the overhead conductors from the last pole or other aerial support to and including the splices, if any, connecting to the service-entrance conductors at the building or other structure. If there is a service pole with a meter on it, such as a farm service pole, the service drop does not stop at the service pole; all wires extending from this pole to a building or buildings are service drops, as well as the conductors from the last line pole to the service pole (see NEC, Articles 100 and 230, II).

1-36 What are service-entrance conductors (overhead system)?

They are that portion of the service conductors between the terminals of service equipment and a point outside the building, clear of building walls, where they are joined by a splice or tap to the service drop, street main, or other source of supply.

1-37 What are service-entrance conductors (underground system)?

They are the service conductors between the terminals of the service equipment and the point of connection to the service lateral. Where service equipment is located outside the building walls, there may be no service-entrance conductors, or they may be entirely outside the building.

1-38 What are sets of service-entrance conductors?

Sets of service-entrance conductors are taps run from main service conductors to service equipment.

1-39 What is meant by “service equipment”?

This is the necessary equipment, usually consisting of circuit breakers or switches and fuses and their accessories, located near the point of entrance of supply conductors to a building or other structure, or an otherwise defined area, and intended to constitute the main control and means of cutoff of the supply.

1-40 What is meant by “service lateral”?

This refers to the underground service conductors between the street main, including any risers at the pole or other structure or from transformers, and the first point of connection to the service-entrance conductors in a terminal box. The point of connection is considered to be the point of entrance of the service conductors into the building.

1-41 What is a service raceway?

This is the rigid metal conduit, electrical metallic tubing (EMT), or other raceway that encloses service-entrance conductors.

1-42 What is meant by “special permission”?

This refers to the written consent of the authority enforcing the NEC. Under most circumstances, this is a local electrical inspector.

1-43 What is a general-use switch?

This is a device intended for use as a switch in general distribution and branch circuits. It is rated in amperes and is capable of interrupting its rated current at its rated voltage.

1-44 What is a T-rated switch?

This is an AC general-use snap switch that is capable of use on resistive and inductive loads that do not exceed the ampere rating at the voltage involved, on tungsten-filament lighting loads that do not exceed the ampere rating at 120 volts, and on motor loads that do not exceed 80 percent of their ampere rating at the rated voltage.

1-45 What is an isolating switch?

This is a switch that is intended for isolating an electric circuit from its source of power. It has no interrupting rating and is intended to be operated only after the circuit has been opened by some other means.

1-46 What is a motor-circuit switch?

This is a switch, rated in horsepower, that is capable of interrupting the maximum operating overload current of a motor of the same horsepower rating as the switch at the rated voltage.

1-47 What is meant by “watertight”?

This means that a device is so constructed that moisture will not enter the enclosing case.

1-48 What is meant by “weatherproof”?

This means that a device or system is so constructed or protected that exposure to the weather will not interfere with successful operation. Being raintight or watertight may fulfill the requirements for “weatherproof.” However, weather conditions vary, and consideration should be given to the conditions resulting from snow, ice, dust, and temperature extremes.

1-49 What is meant by the “voltage” of a circuit?

This is the greatest effective difference of potential (root-mean-square difference of potential) that exists between any two conductors of a circuit. On various systems, such as three-phase four-wire, single-phase three-wire, and three-wire direct current, there may be various circuits of numerous voltages.

1-50 What is meant by “bonded” or “bonding”?

This means that a device or system is connected to establish electrical continuity and conductivity.

1-51 What is an equipment bonding jumper?

This is the connection between two or more portions of the equipment grounding conductor.

1-52 What is the system bonding jumper?

This is the connection between the grounded circuit conductor (usually the neutral) and the supply-side bonding jumper (SSBJ), or the equipment grounding conductor, or both, at a separately derived system.

1-53 What is the main bonding jumper?

This is the connection between the grounded circuit conductor and the equipment grounding conductor, at the service.





2

Ohm’s Law and Other Electrical Formulas

When a current flows in an electric circuit, the magnitude of the current is determined by dividing the electromotive force (emf, in volts, designated by the letter E) in the circuit by the resistance (ohms, designated by the letter R) of the circuit. The resistance is dependent on the material, cross section, and length of the conductor. The current is measured in amperes and is designated by the letter I. The relationship between an electric current (I), the electromotive force (E), and the resistance (R) is expressed by Ohm’s law. The following equations take into consideration only pure resistance (i.e., not inductance or capacitance); therefore, they are customarily known as the DC formulas for Ohm’s law. However, in most calculations for AC circuits, which is the ordinary wiring application, this formula is quite practical to use. Later in this book, other forms of Ohm’s law, dealing with inductive and capacitive reactance, will be discussed.

2-1 What are the three equations for Ohm’s law and what do the letters in the formulas mean?

[image: eqn2_1.jpg]

I is the current flow in amperes.

E is the electromotive force in volts.

R is the resistance in ohms.

2-2 A direct-current circuit has a resistance of 5 ohms. If a voltmeter connected across the terminals of the circuit reads 10 volts, how much current is flowing?

From Ohm’s law, the current is:

[image: eqn2_2.jpg]

2-3 If the resistance of a circuit is 25 ohms, what voltage is necessary for a current flow of 4 amperes?

From Ohm’s law:

[image: eqn2_3.jpg]

2-4 If the potential across a circuit is 40 volts and the current is 5 amperes, what is the resistance?

From Ohm’s law:

[image: eqn2_4.jpg]

[image: ] Series Circuits

A series circuit may be defined as one in which the resistive elements are connected in a continuous run (i.e., connected end to end), as shown in Figure 2-1. It is evident that since the circuit has only one pathway (no branches), the amount of current flowing must be the same in all parts of the circuit. Therefore, the current flowing through each resistance is also equal. The total potential across the entire circuit equals the sum of potential drops across each individual resistance, or:

[image: eqn2_5.jpg]

and:

[image: eqn2_6.jpg]

The equation for the total potential of the circuit is

[image: eqn2_7.jpg]

and:

[image: eqn2_8.jpg]

2-5 If the individual resistances shown in Figure 2-1 are 5, 10, and 15 ohms, respectively, what potential must the battery supply to force a current of 0.5 ampere through the circuit?


Figure 2-1 Resistances in series.

[image: fig2-1.jpg]


The total resistance is:

[image: eqn2_9.jpg]

Hence, the total voltage is:

[image: eqn2_10.jpg]

As a check, we can calculate the individual voltage drop across each part:

[image: eqn2_11.jpg]

and:

[image: eqn2_12.jpg]

2-6 In order to determine the voltage of a DC source, three resistance units of 10, 15, and 30 ohms are conducted in series with this source. If the current through the circuit is 2 amperes, what is the potential of the source?

[image: eqn2_13.jpg]

[image: ] Parallel Circuits

In a parallel, or divided, circuit such as that shown in Figure 2-2, the same voltage appears across each resistance in the group; the current flowing through each resistance is inversely proportional to the value of the resistance. The sum of all the currents, however, is equal to the total current leaving the battery. Thus:

[image: eqn2_14.jpg]

and:

[image: eqn2_15.jpg]


Figure 2-2 Resistances in parallel.

[image: fig2-2.jpg]


When Ohm’s law is applied to the individual resistance, the following equations are obtained:

[image: eqn2_16.jpg]

Hence,

[image: eqn2_17.jpg]

or

[image: eqn2_18.jpg]

and since I = E/R, the equivalent resistance of the several resistances connected in parallel is:

[image: eqn2_19.jpg]

We have found, then, that any number of resistances in parallel can be replaced by an equivalent resistance whose value is equal to the reciprocal of the sum of the reciprocals of the individual resistances. You will find that the sum of resistances in parallel will always be smaller than the value of the smallest resistor in the group.

The value 1/R, or the reciprocal of the value of the resistance, is expressed as the conductance of the circuit; its unit is mho, or ohm spelled backward, and is usually expressed by g or G.

Where there are only two resistances connected in parallel,

[image: eqn2_20.jpg]

Where there are any number of equal resistances connected in parallel, you may divide the value of one resistance by the number of equal resistances.

2-7 A resistance of 2 ohms is connected in series with a group of three resistances in parallel, which are 4, 5, and 20 ohms, respectively. What is the equivalent resistance of the circuit?

The equivalent resistance of the parallel network is:

[image: eqn2_21.jpg]

The circuit is now reduced to two series resistors of 2 ohms each, as shown in Figure 2-3; the equivalent resistance of the circuit is 2 + 2, or 4 ohms.


Figure 2-3 Equivalent resistance of the series-parallel circuit of question 2-7.

[image: fig2-3.jpg]


2-8 Two parallel resistors of 2 and 6 ohms are connected in series with a group of three parallel resistors of 1, 3, and 6 ohms, respectively. If the two parallel-resistance groups are connected in series by means of a 1.5-ohm resistor, what is the equivalent resistance of the system?

Replace the 2- and 6-ohm resistors by a resistance of R1, where:

[image: eqn2_22.jpg]

Replace the group of three resistors by R2, where:

[image: eqn2_23.jpg]

The circuit is now reduced to three series resistances, the values of which are 1.5, 1.5, and 0.67 ohms, as shown in Figure 2-4. Their combined values are:

[image: eqn2_24.jpg]


Figure 2-4 Equivalent resistance of the series-parallel circuit of question 2-8.

[image: fig2-4.jpg]


[image: ] Units of Area and Resistance

The circular mil is the unit of cross section used in the American wire gauge (AWG) or the B&S wire gauge (see NEC, Chapter 9, Table 8). The term mil means one-thousandth of an inch (0.001 inch). A circular mil is the area of a circular wire with a diameter of 1 mil (0.001 inch).

The circular mil area of any solid cylindrical wire is equal to its diameter (expressed in mils) squared. For example, the area in circular mils (written CM or cir. mils) of a wire having a diameter of 3/8 inch (0.375) equals 375 × 375 = 3752 = 140,625 CM. The diameter in mils of a solid circular wire is equal to the square root of its circular mil area. Assuming that a conductor has an area of 500,000 CM, its diameter in mils is the square root of 500,000, which is equal to 707 mils, or 0.707 inch (approximately). The area in square inches of a wire whose diameter is 1 mil is:

[image: eqn2_25.jpg]

The square mil is the area of a square whose sides are each 1 mil (0.001 inch). Hence, the area of a square mil is 0.0012, or 0.000001 square inch. With reference to the previous definitions of the circular mil and the square mil, it is obvious that in order to convert a unit of circular area into its equivalent area in square mils, the circular mil must be multiplied by π/4, or 0.7854, which is the same as dividing by 1.273. Conversely, to convert a unit area of square mils into its equivalent area in circular mils, the square mil should be divided by π/4, or 0.7854, which is the same as multiplying by 1.273.

The preceding relations may be written as follows:

[image: eqn2_26.jpg]

Thus, any circular conductor may be easily converted into a rectangular conductor (a bus bar, for example) containing an equivalent area of current-carrying capacity.

2-9 If a No. 10 wire (B&S or AWG) has a diameter of 101.9 mils, what is its circular mil area?

[image: eqn2_27.jpg]

Referring to Table 2-1 later in this chapter, you will find this to be approximately true. If you concentrate on remembering the CM area of No. 10 wire as 10,380 CM, you will find this invaluable in arriving at the CM area of any size wire without the use of a table. For practical purposes, if you do not have a wire table such as Table 2-1 readily available, you may find the circular mil area of any wire size by juggling back and forth as follows, and the answer will be close enough for all practical purposes.

Every three sizes removed from No. 10 doubles or halves in CM.

Every ten sizes removed from No. 10 is 1/10 or 10 times in CM.

Example: Ten sizes smaller than No. 10 is No. 0 wire. No. 10 wire has a circular mil area of 10,380 CM; therefore, No. 0 would be 103,800 CM. Table 2-1 shows an area of 105,600 CM for No. 0 wire, or about a 1.7 percent error.

Example: Ten sizes smaller than No. 10 is No. 20 wire. Number 20 wire should then have a circular mil area of 1,038.1 CM.

You can see from these examples that for quick figuring, the percentage of error is quite small; however, you should always have a wire table nearby. (You can find a pretty good one in Chapter 9, Table 8, of the NEC.)

2-10 Number 000 wire (AWG) has an area of 167,800 CM. If it were solid copper (not made of strands), what would its diameter be?

The diameter is:

[image: eqn2_28.jpg]

2-11 A certain switchboard arrangement necessitates a conversion from a circular conductor to a rectangular bus bar having an equivalent area. If the diameter of the solid conductor measures 0.846 inch, calculate (a) the width of an equivalent bus bar, if the thickness of the bus bar is 1/4 inch; (b) its area in circular mils; (c) the current-carrying capacity, if 1 square inch of copper carries 1,000 amperes.

The area, in square inches, of the circular conductor is:

[image: eqn2_29.jpg]

The area, in square inches, of the bus bar is:

[image: eqn2_30.jpg]

where W is the width of the bus bar.

Since,

[image: eqn2_31.jpg]


(a) W = 0.562/0.25 = 2.248 inches

(b) The area of the conductor = 8462 = 715,716 CM

(c) The current-carrying capacity of the conductor = 0.562 × 1,000 = 562 amperes.



2-12 A certain 115-volt, 100-horsepower DC motor has an efficiency of 90 percent and requires a starting current of 150 percent times the full-load current. Determine (a) the size of fuses; (b) the copper requirements of the switch. Assume that 1 square inch of copper carries 1,000 amperes.

Motor current:

[image: eqn2_32.jpg]


(a) The amperage of the fuses is, therefore, 721 × 1.5 = 1,081.5, or 1,200.0 amperes, which is the rating of the closest manufactured fuse.

(b) Since the motor requires a current of 721 amperes, the copper of each switch blade must be 721/1,000, or 0.721 square inch. Therefore, if 3/8-inch bus copper is used, its width must be:

[image: eqn2_33.jpg]



The mil-foot is a unit circular conductor that is 1 foot in length and 1 mil in diameter. The resistance of such a unit of copper has been found experimentally to be 10.37 ohms at 20°C; this is normally thought of as 10.4 ohms (Figure 2-6).


Figure 2-5 Enlarged view of one circular mil and one square mil, with a comparison of the two.

[image: fig2-5.jpg]



Figure 2-6 Dimensions and resistance of 1 circular mil-foot of copper.

[image: fig2-6.jpg]


A mil-foot of copper at 20°C offers 10.4 ohms resistance; at 30°C, it is 11.2 ohms; at 40°C, it is 11.6 ohms; at 50°C, it is 11.8 ohms; at 60°C, it is 12.3 ohms; and at 70°C, it is 12.7 ohms. Thus, in voltage-drop calculations, 12 is generally used as the constant K, unless otherwise specified, to allow for higher temperatures and to afford some factor of safety.

The resistance of a wire is directly proportional to its length and inversely proportional to its cross-sectional area. Therefore, if the resistance given in ohms of a mil-foot of wire is multiplied by the total length in feet (remember that there are practically always two wires, so if the distance is given in feet, multiply it by 2 to get the total resistance of both wires; this is a common error when working examinations) and divided by its cross-sectional area in circular mils, the result will be the total resistance of the wire in ohms. This is expressed as:

[image: eqn2_34.jpg]

where:

R is the resistance in ohms

K is the constant (12) for copper

L is the length in feet one way

A is the area in circular mils

K for copper was given, so it is advisable to give K for commercial aluminum:

[image: eqn2_35.jpg]

K = 12 was used for copper, as in most instances it gives a safety factor in figuring voltage drop. Thus, with a correction factor of 1.672 for aluminum, as opposed to copper, it is advisable to use a K factor of 20 for aluminum.

Should you have other conditions, K factors have been given for both copper and aluminum at various temperatures Celsius. To change Celsius to Fahrenheit, use the following formula:

[image: eqn2_36.jpg]

Thus:

[image: eqn2_37.jpg]

2-13 What is the resistance of a 500-foot line of No. 4 copper wire?

From Chapter 9, Table 8, in the NEC, No. 4 wire has a cross-sectional area of 41,740 CM. Therefore,

[image: eqn2_38.jpg]

Table 8 of the NEC serves a value of 0.2480 ohm for 1,000 feet of No. 4 wire at 20°C. The difference is that we used a K of 12 instead of 10.4; 20°C is 68°F, and the 12 value is for slightly over 50°C, or 122°F.

2-14 Suppose you need a copper wire of 0.5-ohm resistance whose total length is 2,000 feet, or 1,000 feet one way. What must be its cross-sectional area? What size wire is necessary?

[image: eqn2_39.jpg]

According to Chapter 9, Table 8, of the NEC, No. 4 wire has a cross-sectional area of 41,740 CM and No. 3 wire has an area of 52,620 CM, so we would use the larger-size No. 3 wire. Also, notice that the equation does not use the factor 2 because the 2,000-foot length was the total and not just the length of one wire.

2-15 If the resistance of a copper wire whose diameter is 1/8 inch is measured as 0.125 ohm, what is the length of the wire?

[image: eqn2_40.jpg]

Here again, this is the total length; one way would be 81.5 feet.

2-16 A copper line that is 5 miles in length has a diameter of 0.25 inch. Calculate: (a) the diameter of the wire in mils; (b) the area of the wire in circular mils; (c) the weight in pounds; (d) the resistance at 50°C. Assume that the weight in pounds per cubic inch is 0.321.


(a) The diameter in mils = 1,000 × 0.25 = 250 mils

(b) The area in CM = 2502 = 62,500 CM

(c) Cross-sectional area = 0.7854 × D2 = 0.7854 × 0.252 = 0.0491 square inches. Length of wire = 5,280 × 5 × 2 × 12 = 633,600 inches. Weight of wire = 0.0491 × 633,600 × 0.321 = 9,986.23, or about 10,000 pounds.

(d) [image: eqn2_41.jpg]



[image: ] Skin Effect

When alternating current flows through a conductor, an inductive effect occurs, which tends to force the current to the surface of the conductor. This produces a voltage loss and also affects the current-carrying capacity of the conductor. For open wires or wires in non-metallic-sheathed cable, this effect is neglected until the No. 0 wire size is reached. In metallic-sheathed cables and metallic raceways, the skin effect is neglected until size No. 2 is reached. At these points, there are multiplying factors for conversion from DC resistance to AC resistance (Table 2-1). Note that there is a different factor for aluminum than for copper cables.

2-17 The DC resistance of a length of 250,000 CM copper cable in conduit (rigid metal) was found to be 0.05 ohm. What would its AC resistance be?

From Table 2-1, the multiplying factor is found to be 1.06; therefore, RAC = 0.05 ohm × 1.06 = 0.053 ohm.

Table 2.1 Multiplying Factors for Converting DC Resistance to 60-Cycle AC Resistance

[image: Table 2-1]

[image: ] Voltage-Drop Calculations

We have discussed the methods for finding the resistance of wire. By the use of Ohm’s law, we can now find the voltage drop for circuit loads. Use the following form:

[image: eqn2_42.jpg]

Under Section 215.2(A)(4), Informational Note 2, of the NEC, we find the prescribed maximum allowable percentage of voltage drop for feeders and branch circuits. In Section 210.19(A), Informational Note 4, of the NEC, the maximum allowable percentage of voltage drop for branch circuits is given.

2-18 What is the percentage of allowable voltage drop for feeders that are used for power and heating loads?

The maximum allowed is 3 percent.

2-19 What is the percentage of allowable voltage drop for feeders that are used for lighting loads?

The maximum allowed is 3 percent.

2-20 What is the percentage of allowable voltage drop for combined lighting, heating, and power loads?

The maximum allowed is 3 percent for feeders and 5 percent for feeders and branch circuits. The following formula is used for voltage drop calculations.

Since,

[image: eqn2_43.jpg]

then

[image: eqn2_44.jpg]

where:

Ed is the voltage drop of the circuit

2L is the total length of the wire

K is a constant (12)

I is the current, in amperes, of the circuit

A is the area, in circular mils, of the wire in the circuit

R is the resistance in ohms

By transposing the preceding formula, we can determine the circular mil area of a wire for a specified voltage drop:

[image: eqn2_45.jpg]

2-21 A certain motor draws 22 amperes at 230 volts, and the feeder circuit is 150 feet in length. If No. 10 copper wire is desired, what would be the voltage drop? Would No. 10 wire be permissible to use?

[image: eqn2_46.jpg]

However, 230 × 0.03 = 6.90 volts, which is the voltage drop permissible under Section 215.2 of the NEC, so No. 10 wire would not be large enough.

2-22 In question 2-21, a voltage drop of 7.63 volts was calculated; however, the maximum permissible voltage drop is 6.9 volts. What size wire would have to be used?

According to Chapter 9, Table 8, in the NEC, No. 10 wire has an area of 10,380 CM and No. 9 wire has an area of 13,090 CM. Therefore, No. 9 would be the proper size, except that you cannot purchase No. 9 wire; you will have to use No. 8 wire, which has an area of 16,510 CM.

2-23 If No. 8 copper wire were used in question 2-22, what would the voltage drop be? What percentage would this drop be?

[image: eqn2_47.jpg]

[image: ] Formulas for Determining Alternating Current in Alternating-Current Circuits

In the formulas of Figure 2-7:


R is the resistance in ohms

XL is the inductive reactance in ohms = 2πfL

XC is the capacitive reactance in ohms = 2πfC

f is the frequency

L is the inductance in henrys

C is the capacity in farads

Z is the impedance in ohms

I is the current in amperes

E is the pressure in volts




Figure 2-7 Fundamental forms of AC circuits, with the method of determining current when voltage and impedance are known.

[image: fig2-7.jpg]


[image: ] Formulas for Combining Resistance and Reactance

In the following formulas of Figure 2-8:

R is the resistance in ohms


XL is the inductive reactance in ohms = 2πfL

XC is the capacitive reactance in ohms = 1/2 πfC

f is the frequency

L is the inductance in henrys

C is the capacity in farads

Z is the impedance in ohms

I is the current in amperes

E is the pressure in volts




Figure 2-8 Methods of impedance determination in AC circuits when resistance, inductive reactance, and capacitive reactance (in ohms) are known.

[image: fig2-8.jpg]


2-24 A coil has a resistance of 10 ohms and an inductance of 0.1 henry. If the frequency of the source is 60 hertz, what is the voltage necessary to cause a current of 2 amperes to flow through the coil?

With reference to the previously derived formula,

[image: eqn2_48.jpg]

The applied voltage must therefore be:

[image: eqn2_49.jpg]

2-25 A coil with a negligible resistance requires 3 amperes when it is connected to a 180-volt, 60-hertz supply. What is the inductance of the coil?

[image: eqn2_50.jpg]

and

[image: eqn2_51.jpg]

therefore,

[image: eqn2_52.jpg]

2-26 An alternating current of 15 amperes with a frequency of 60 hertz is supplied to a circuit containing a resistance of 5 ohms and an inductance of 15 millihenrys. What is the applied voltage?

[image: eqn2_53.jpg]

2-27 A coil contains 5 ohms resistance and 0.04 henry inductance. The voltage and frequency of the source are 100 volts at 60 cycles. Find the following:


(a) The impedance of the coil

(b) The current through the coil

(c) The voltage drop across the inductance

(d) The voltage drop across the resistance



[image: eqn2_54.jpg]


(a) [image: eqn2_55.jpg]

(b) [image: eqn2_56.jpg]

(c) [image: eqn2_57.jpg]

(d) [image: eqn2_58.jpg]



2-28 An alternating-current contains 10 ohms resistance in series with a capacitance of 40 microfarads. The voltage and frequency of the source are 120 volts at 60 cycles. Find the following:


(a) The current in the circuit

(b) The voltage drop across the resistance

(c) The voltage drop across the capacitance

(d) The power factor

(e) The power loss



[image: eqn2_59.jpg]


(a) [image: eqn2_60.jpg]

(b) [image: eqn2_61.jpg]

(c) [image: eqn2_62.jpg]

(d) [image: eqn2_63.jpg]

(e) [image: eqn2_64.jpg]



2-29 A coil of 3 ohms resistance and 20 millihenrys inductance is connected in series with a capacitance of 400 microfarads. If the voltage and frequency are 120 volts at 60 hertz, find the following:


(a) The impedance of the circuit

(b) The current in the circuit

(c) The power loss

(d) The power factor



[image: eqn2_65.jpg]


(a) [image: eqn2_66.jpg]

(b) [image: eqn2_67.jpg]

(c) [image: eqn2_68.jpg]

(d) [image: eqn2_69.jpg]



As a check for the power loss in part (c), use the information obtained in part (d), the power factor. Then:

[image: eqn2_70.jpg]

2-30 A certain series circuit has a resistance of 10 ohms, a capacitance of 0.0003 farad, and an inductance of 0.03 henry. If a 60-hertz, 230-volt emf is applied to this circuit, find the following:


(a) The current through the circuit

(b) The power factor

(c) The power consumption



[image: eqn2_71.jpg]


(a) [image: eqn2_72.jpg]

(b) [image: eqn2_73.jpg]

(c) [image: eqn2_74.jpg]



2-31 The circuit in Figure 2-9 contains a resistance of 30 ohms and a capacitance of 125 microfarads. If an alternating current of 8 amperes at a frequency of 60 hertz is flowing in the circuit, find the following:


(a) The voltage drop across the resistance

(b) The voltage drop across the capacitance

(c) The voltage applied across the circuit



[image: eqn2_75.jpg]


(a) [image: eqn2_76.jpg]

(b) [image: eqn2_77.jpg]

(c) [image: eqn2_78.jpg]




Figure 2-9 Resistance and capacitance in series, with appropriate vector diagrams.

[image: fig2-9.jpg]


2-32 A resistance of 15 ohms is connected in series with a capacitance of 50 microfarads. If the voltage of the source is 120 volts at 60 hertz, find the following:


(a) The amount of current in the circuit

(b) The voltage drop across the resistance

(c) The voltage drop across the capacitance

(d) The angular difference between the current and the applied voltage

(e) The power loss in the circuit



[image: eqn2_79.jpg]


(a) [image: eqn2_80.jpg]

(b) [image: eqn2_81.jpg]

(c) [image: eqn2_82.jpg]

(d) [image: eqn2_83.jpg]

(e) [image: eqn2_84.jpg]



2-33 A resistance of 20 ohms and a capacitance of 100 microfarads are connected in series across a 200-volt, 50-hertz AC supply. Find the following:


(a) The current in the circuit

(b) The potential drop across the resistance

(c) The potential drop across the capacitance

(d) The phase difference between the current and the applied voltage

(e) The power consumed

(f) The power factor



[image: eqn2_85.jpg]


(a) [image: eqn2_86.jpg]

(b) [image: eqn2_87.jpg]

(c) [image: eqn2_88.jpg]

(d) [image: eqn2_89.jpg]

(e) [image: eqn2_90.jpg]

(f) [image: eqn2_91.jpg]



2-34 What is the total capacitance of four parallel capacitors that are 10, 15, 25, and 30 microfarads, respectively?

[image: eqn2_92.jpg]

2-35 A certain coil (shown in Figure 2-10) with a resistance of 5 ohms and an inductance of 0.01 henry is connected in series with a capacitor across a 10-volt supply, which has a frequency of 800 cycles per second. Find the following:


(a) The capacitance that will produce resonance

(b) The corresponding value of the current

(c) The potential drop across the coil

(d) The potential drop across the capacitor

(e) The power factor of the circuit

(f) The power consumption




Figure 2-10 Resistance, inductance, and capacitance in series, with a vector diagram illustrating their relationship to each other.

[image: fig2-10.jpg]


The inductive reactance of the coil is:

[image: eqn2_93.jpg]

Therefore,

[image: eqn2_94.jpg]


(a) Since resonance occurs when XL = Xc, Xc must also be equal to 50.24 ohms.

(b) At resonance, the current is:

[image: eqn2_95.jpg]

(c) The potential drop across the coil is:

[image: eqn2_96.jpg]

(d) The potential drop across the capacitor is:

[image: eqn2_97.jpg]

(e) The power factor is:

[image: eqn2_98.jpg]

but since resonance Z = R,

[image: eqn2_99.jpg]

(e) The power consumed is:

[image: eqn2_100.jpg]



2-36 The field winding of a shunt motor has a resistance of 110 ohms, and the emf applied to it is 220 volts. What is the amount of power expended in the field excitation?

The current through the field is:

[image: eqn2_101.jpg]

The power expended = EtIf = 220 × 2 = 440 watts. The same results can be obtained directly by using the following equation:

[image: eqn2_102.jpg]

2-37 A shunt motor whose armature resistance is 0.2 ohm and whose terminal voltage is 220 volts requires an armature current of 50 amperes and runs at 1,500 rpm when the field is fully excited. If the strength of the field is decreased and the amount of armature current is increased, both by 50 percent, at what speed will the motor run?

The expression for the counter emf of the motor is:

[image: eqn2_103.jpg]

and

[image: eqn2_104.jpg]

Similarly,

[image: eqn2_105.jpg]

also,

[image: eqn2_106.jpg]

and

[image: eqn2_107.jpg]

Since the field is decreased by 50 percent,

[image: eqn2_108.jpg]

it follows that

[image: eqn2_109.jpg]

2-38 A 7.5-horsepower, 220-volt interpole motor has armature and shunt-field resistances of 0.5 ohm and 200 ohms, respectively. The current input at 1,800 rpm under no-load conditions is 3.5 amperes. What are the current and electromagnetic torque for a speed of 1,700 rpm?

Under no-load conditions (at 1,800 rpm),

[image: eqn2_110.jpg]

At 1,700 rpm,

[image: eqn2_111.jpg]

2-39 The mechanical efficiency of a shunt motor whose armature and field resistances are 0.055 and 32 ohms, respectively, is to be tested by means of a rope brake. When turning at 1,400 rpm, the longitudinal pull on the 6-inch-diameter pulley is 57 pounds. Simultaneous readings on the line voltmeter and ammeter are 105 volts and 35 amperes, respectively. Calculate the following:


(a) The counter emf developed

(b) The copper losses

(c) The efficiency



[image: eqn2_112.jpg]


(a) [image: eqn2_113.jpg]

(b) [image: eqn2_114.jpg]

(c) [image: eqn2_115.jpg]



2-40 A copper transmission line that is 1.5 miles in length is used to transmit 10 kilowatts from a 600-volt generating station. The voltage drop in the line is not to exceed 10 percent of the generating-station voltage. Calculate the following:


(a) The line current

(b) The resistance of the line

(c) The cross-sectional area of the wire




(a) [image: eqn2_116.jpg]

The permissible voltage drop = 600 × 0.1 = 60 volts

(b) [image: eqn2_117.jpg]

(c) [image: eqn2_118.jpg]



2-41 A trolley system 10 miles long is fed by two substations that generate 600 volts and 560 volts, respectively. The resistance of the trolley wire and rail return is 0.3 ohm per mile. If a car located 4 miles from the 600-volt substation draws 200 amperes from the line, what is the voltage between the trolley collector and the track? How much current is supplied by each substation?

With reference to Figure 2-11, the following equation can be written:

[image: eqn2_119.jpg]

That is, the arithmetical sum of the current drain from each substation must equal the current drawn by the trolley car. In a similar manner, the equations for the voltage drop in each branch of the trolley wire are:

[image: eqn2_120.jpg]

Subtracting equation (3) from equation (2),

[image: eqn2_121.jpg]

According to equation (1),

[image: eqn2_122.jpg]

Therefore, equation (4) becomes

[image: eqn2_123.jpg]

By inserting the value of I2 in equation (3), we obtain the voltage between the trolley collector and the track:

[image: eqn2_124.jpg]

The same result can be obtained by inserting the value of I1 in equation (2).


Figure 2-11 Current and potential drop in a trolley-feeder system.

[image: fig2-11.jpg]


2-42 It is desired to supply power from a 220-volt source to points C and D in Figure 2-12 by means of the feeder arrangement indicated. The motor at point C requires 120 amperes, and the motor at point D requires 80 amperes. With the length of the wires as indicated and a maximum voltage drop of 10 percent, calculate the following:


(a) The cross-sectional area of feeder AB

(b) The cross-sectional area of feeder BC

(c) The cross-sectional area of feeder BD

(d) The power loss in each section



The voltage drop across AC and AD is:

[image: eqn2_125.jpg]


Figure 2-12 Branch feeder calculations.

[image: fig2-12.jpg]


To simplify our calculation, the voltage drop across BC and BD can be arbitrarily set at 10 volts. The voltage drop across AB is, therefore, 22.10, or 12 volts.


(a) [image: eqn2_126.jpg]

(b) [image: eqn2_127.jpg]

(c) [image: eqn2_128.jpg]

(d) [image: eqn2_129.jpg]



2-43 The motor illustrated in Figure 2-13 is located at a distance of 500 feet from the generator and requires 40 amperes at 220 volts. No. 4 AWG wire is used. Calculate the following:


(a) The voltage at the generator.

(b) The voltage-drop percentage in the line.

(c) The power loss in the line.

(d) The power-loss percentage.

(e) The cost of power losses per year. Assume that the motor operates 8 hours per day, 300 days per year, at a cost of 3 cents per kilowatt-hour.




Figure 2-13 Calculations for a 220-volt motor.

[image: fig2-13.jpg]


With reference to Table 2-1, the cross-sectional area of No. 4 wire = 41,740 CM.

[image: eqn2_130.jpg]


(a) [image: eqn2_131.jpg]

(b) [image: eqn2_132.jpg]

(c) [image: eqn2_133.jpg]

(d) [image: eqn2_134.jpg]

(e) Yearly cost of power losses = 0.4 × 8 × 300 × 0.03 = $28.80



2-44 Energy is transmitted from a switchboard to the combined load shown in Figure 2-14. The lamp group requires 20 amperes, and the motor requires 30 amperes from the line. No. 2 wire (resistance = 0.156 ohm per 1,000 feet) is used throughout the circuit. Calculate the following:


(a) The power drawn by the lamps

(b) The power drawn by the motor

(c) The power loss in the line

(d) The total power supplied by the switchboard




Figure 2-14 Voltage-drop calculations in a feeder circuit that is supplying a motor and lamp load.

[image: fig2-14.jpg]


The resistance in line ABCD is:

[image: eqn2_135.jpg]


(a) [image: eqn2_136.jpg]

The resistance in line BEFC is:

[image: eqn2_137.jpg]




(a) [image: eqn2_138.jpg]

(b) [image: eqn2_139.jpg]

(c) [image: eqn2_140.jpg]



[image: ] Relative Conductivity

2-45 Compare the electrical conductivity of silver, copper, and aluminum.

Silver is the best conductor of electricity of the three and is considered to possess 100 percent conductivity. Copper is next and is considered to have approximately 94 percent of the conductivity of silver. Aluminum is considered last and has approximately 61 percent of the conductivity of silver.

2-46 What are the advantages and disadvantages of silver as a conductor?

The price of silver generally prohibits its use as a conductor; it is used only in special cases for its high conductivity where the price is a minor factor.

2-47 What are the advantages of copper as a conductor? What are its disadvantages?

Copper is plentiful, relatively inexpensive, and a good conductor, and it has a high tensile strength. It can be corroded under certain circumstances.

2-48 What are the advantages and disadvantages of aluminum as a conductor?

Aluminum is inexpensive, lightweight, and readily available. It corrodes more easily than copper, so its use is limited to some degree; it also has less tensile strength than copper.
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Desk phone
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VIL Private Telephone System
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Switchboard
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