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Lab-Volt License Agreement

By using the software in this package, you are agreeing to
become bound by the terms of this License Agreement,
Limited Warranty, and Disclaimer.

This License Agreement constitutes the complete
agreement between you and Lab-Volt. If you do not agree
to the terms of this agreement, do not use the software.
Promptly return the F.A.C.E.T. Resources on Multimedia
(CD-ROM) compact discs and all other materials that are
part of Lab-Volt's F.A.C.E.T. product within ten days to
Lab-Volt for a full refund or credit.

1. License Grant. In consideration of payment of the license
fee, which is part of the price you paid for this Lab-Volt
product, Lab-Volt, as Licensor, grants to you, the Licensee, a
nonexclusive, nontransferable license to use this copy of the
CD-ROM software with the corresponding F.A.C.E.T. Lab-
Volt reserves all rights not expressly granted to the Licensee.

2. Ownership. As the Licensee, you own the physical media
on which the CD-ROM is originally or subsequently recorded
or fixed, but Lab-Volt retains title to and ownership of the
software programs recorded on the original compact disc and
any subsequent copies of the CD-ROM, regardless of the
form or media in or on which the original and other copies
may exist. This license is not a sale of the original software
program of Lab-Volt's CD-ROM or any portion or copy of it.

3. Copy Restrictions. The CD-ROM software and the
accompanying materials are copyrighted and contain
proprietary information and trade secrets of Lab-Volt.
Unauthorized copying of the CD-ROM even if modified,
merged, or included with other software or with written
materials is expressly forbidden. You may be held legally
responsible for any infringement of Lab-Volt's intellectual
property rights that is caused or encouraged by your failure to
abide by the terms of this agreement. You may make copies
of the CD-ROM solely for backup purposes provided the
copyright notice is reproduced in its entirety on the backup
copy.

4. Permitted Uses. This CD-ROM, Instructor's Guide, and all
accompanying documentation is licensed to you, the
Licensee, and may not be transferred to any third party for
any length of time without the prior written consent of Lab-
Volt. You may not modify, adapt, translate, reverse engineer,
decompile, disassemble, or create derivative works based on
the Lab-Volt product without the prior written permission of
Lab-Volt. Written materials provided to you may not be
modified, adapted, translated, or used to create derivative
works without the prior written consent of Lab-Volt.

5. Termination. This agreement is effective until terminated.
It will terminate automatically without notice from Lab-Volt
if you fail to comply with any provisions contained herein.
Upon termination you shall destroy the written materials,
Lab-Volt's CD-ROM software, and all copies of them, in part
or in whole, including modified copies, if any.

6. Registration. Lab-Volt may from time to time update the
CD-ROM. Updates can be made available to you only if a
properly signed registration card is filed with Lab-Volt or an
authorized registration card recipient.

7. Miscellaneous. This agreement is governed by the laws of
the State of New Jersey.

Limited Warranty and Disclaimer

This CD-ROM software has been designed to assure correct
operation when used in the manner and within the limits
described in this Instructor's Guide. As a highly advanced
software product, it is quite complex; thus, it is possible that if
it is used in hardware configurations with characteristics other
than those specified in this Instructor's Guide or in
environments with nonspecified, unusual, or extensive other
software products, problems may be encountered by a user. In
such cases, Lab-Volt will make reasonable efforts to assist the
user to properly operate the CD-ROM but without
guaranteeing its proper performance in any hardware or
software environment other than as described in this
Instructor's Guide.

This CD-ROM software is warranted to conform to the
descriptions of its functions and performance as outlined in
this Instructor's Guide. Upon proper notification and within a
period of one year from the date of installation and/or
customer acceptance, Lab-Volt, at its sole and exclusive
option, will remedy any nonconformity or replace any
defective compact disc free of charge. Any substantial
revisions of this product, made for purposes of correcting
software deficiencies within the warranty period, will be
made available, also on a licensed basis, to registered owners
free of charge. Warranty support for this product is limited, in
all cases, to software errors. Errors caused by hardware
malfunctions or the use of nonspecified hardware or other
software are not covered.

LICENSOR MAKES NO OTHER WARRANTIES OF ANY KIND
CONCERNING THIS PRODUCT, INCLUDING WARRANTIES
OR MERCHANTABILITY OR OF FITNESS FOR A
PARTICULAR PURPOSE. LICENSOR DISCLAIMS ALL
OBLIGATIONS AND LIABILITIES ON THE PART OF
LICENSOR FOR DAMAGES, INCLUDING BUT NOT LIMITED
TO SPECIAL OR CONSEQUENTIAL DAMAGES ARISING OUT
OF OR IN CONNECTION WITH THE USE OF THE SOFTWARE
PRODUCT LICENSED UNDER THIS AGREEMENT.

Questions concerning this agreement and warranty and all
requests for product repairs should be directed to the Lab-Volt
field representative in your area.

LAB-VOLT SYSTEMS, INC.

P.O. Box 686

Farmingdale, NJ 07727

Attention: Program Development

Phone: (732) 938-2000 or (800) LAB-VOLT

Fax: (732) 774-8573

Technical Support: (800) 522-4436

Technical Support E-Mail: techsupport@labvolt.com
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Introduction

This Student Workbook provides a unit-by-unit outline of the Fault Assisted Circuits for
Electronics Training (F.A.C.E.T.) curriculum.

The following information is included together with space to take notes as you move through the
curriculum.

The unit objective

Unit fundamentals

A list of new terms and words for the unit
Equipment required for the unit

The exercise objectives

Exercise discussion

Exercise notes

® & & & O o o

The Appendix includes safety information.






DC Fundamentals Unit 1 — Trainer Familiarization

UNIT 1 — TRAINER FAMILIARIZATION

UNIT OBJECTIVE

At the completion of this unit, you will be able to set up the F.A.C.E.T. system by using standard
lab procedures.

UNIT FUNDAMENTALS

BAsE LT

The first course in the F.A.C.E.T. system, or the Fault Assisted Circuits for Electronics Training
system, consists of a base unit and a plug-in board of dc circuits called DC FUNDAMENTALS.
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The base unit has built-in variable +10 Vdc and -10 Vdc regulated power supplies.



DC Fundamentals Unit 1 — Trainer Familiarization
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Additional protective circuitswithin the base unit guard against over voltage, over current, and
reverse voltage in any circuit board; connected to the base unit.
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Circuit boards are inserted into the base unit through the use of a Zero Insertion Force (ZIF)

connector.
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When open, the ZIF connector allows circuit boards to be inserted without any friction.

ZIF COMMECTOR
LOCKED IM FLACE i
CIRCUIT BOARD '-—:|

ZIF oo,
BASE UNIT COMMEC TOR F.ﬂ’_‘\.j :

When closed, the ZIF connector provides power and other electrical signals to the circuit board.



DC Fundamentals Unit 1 — Trainer Familiarization

The base unit contains twenty circuit modification (CM) read relays that modify an existing
circuit. The base unit also contains twelve fault read relays that insert a fault in a circuit. These
circuit faults, used in the troubleshooting unit, provide student training and assessment.
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The schematic of each circuit on your trainer is drawn on the circuit board. Standard industrial
components are used on the circuit boards.

NEW TERMS AND WORDS

dc circuits - direct current circuits; a flow of electrons in one direction along an electrical path.
circuits - paths for current to flow.

circuit board - specially constructed board containing many electrical circuits.

power sources - devices that supply electricity to an electrical circuit; also called power supplies.
cells - basic sources of power that produce electricity through chemical action.

schematic - drawing that uses standard symbols to show electrical paths and components.
symbol - a simple representative drawing of a component.

crowbar - a circuit that rapidly shorts the output voltage to ground.

EQUIPMENT REQUIRED

F.A.C.E.T. base unit
DC FUNDAMENTALS circuit board
Multimeter
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DC Fundamentals Unit 1 — Trainer Familiarization

Exercise 1 — Instrument Familiarization

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to activate a power source on the
F.A.C.E.T. system. You will verify your results by measuring the output voltage of the power
source with a multimeter.

DISCUSSION

Multimeters measure electrical quantities of current: resistance, and voltage.

An analog multimeter has numbers printed on a scale that, in conjunction with a range
switch, covers the measurement values possible with the multimeter.

A digital multimeter directly displays the value measured.

Digital multimeters are recommended for this exercise.
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DC Fundamentals Unit 1 — Trainer Familiarization

Exercise 2 - F.A.C.E.T. Base Unit Familiarization

EXERCISE OBJECTIVE

When you have completed this exercise, you will discover the operating features of the base unit
and DC FUNDAMENTALS circuit board. You will verify your results with an operational test.

DISCUSSION

The base unit contains CM and fault read relays, power supply controls, LEDs (light-emitting
diodes), and a ZIF connector that accepts circuit boards.

Power is applied to the base unit when the AC cord is plugged in and the power switch is on.
The base unit's power switch should be in the off position when inserting circuit boards.

On the base unit are LEDs indicating the presence of the plus and minus 15 Vdc internal
supplies. The LEDs are located above the control knobs of the negative and positive variable
supplies.

When power is applied to the base unit, the LEDs illuminate.

One or both LEDs will be off should a base unit and protective circuit activate (to crowbar
the base unit's power source).

To remove the crowbar condition on a base unit, correct the problem, and turn the POWER
switch on.

Each of the internal variable power supplies are adjusted with COARSE and FINE knobs
(concentric shaft) located on either end of the base unit.

The left controls adjust the negative variable supply between 0 Vdc and -10 Vdc.

The right controls adjust the positive variable supply between 0 Vdc and +10 Vdc.

There are twenty computer-controlled CM read relays, numbered through 20, in the base
unit.

Initially, CMs are made inactive by the computer.

When a CM is activated, a selected circuit located on the circuit board is modified.

There are twelve computer-controlled fault read relays in the base unit.

Initially, all faults are made inactive by the computer.

Each fault, when activated, inserts a malfunction in a selected circuit located on the circuit
board.
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Exercise 3 — DC Board Familiarization

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to use specific trainer functions on the
DC FUNDAMENTALS circuit board. You will verify your results with voltage and current
measurements.

DISCUSSION

The DC FUNDAMENTALS circuit board is divided into 10 training areas called circuit
blocks.

Each circuit block consists of circuits designed to introduce the student to electronic
principles

Each circuit block has a drawing or schematic that shows how every component in the circuit
block is electrically connected.

Test points are located at each end of the circuit blocks and accept test leads directly.
Terminal posts and alligator clips are provided for those test leads that do not readily
connect.

Dashed lines between two test points show that no electrical connection exists. A two-post
connector can be used to complete the connection.

Each circuit block has a title to identify the circuit type and function.

Most current measurements in this volume will be in the milliampere range.
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NOTES
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DC Fundamentals Unit 2 — Safety

UNIT 2 — SAFETY

UNIT OBJECTIVE

At the completion of this unit, you will be able to identify safe working conditions in a typical
electronic laboratory by using the illustrations and information presented in this unit.

UNIT FUNDAMENTALS

Safety is everyone's responsibility. Everyone must cooperate to create the safest possible
working conditions.

Where your personal life and good health are concerned, safety becomes your responsibility.
Safety rules are common sense ideas that help prevent injury. When you work with electricity,

treat it with respect. If electricity is properly used, it will work for you. Abuse it and you may
have trouble!

NEW TERMS AND WORDS

None

EQUIPMENT REQUIRED

F.A.C.E.T. base unit
DC FUNDAMENTALS circuit board

11
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NOTES
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DC Fundamentals Unit 2 — Safety

Exercise 1 — Basic Safety Rules

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to employ safety in the workplace by
using information and examples found in this exercise.

DISCUSSION

e Rules to avoid injury should be remembered.
e You cause safety, it doesn’t just happen.

e Machinery and equipment can be dangerous.
e Always be interested in working safety.

NOTES
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DC Fundamentals Unit 2 — Safety

Exercise 2 — Electrical Safety Rules

EXERCISE OBJECTIVE

When you have completed this exercise, you should be able to avoid electrical shock in the
workplace by using information and examples found in this exercise.

DISCUSSION

e The sensation of current flow through the body is called electric shock.

e F.A.C.E.T. trainers have current and voltage levels that, under normal circumstances, are
harmless to a normal, healthy person.

e A surprise shock can cause involuntary muscle spasms, which can result in secondary
injuries.

e Know electricity and respect it.

NOTES
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DC Fundamentals Unit 3 — Electronic Quantities

UNIT 3 — ELECTRONIC QUANTITIES

UNIT OBJECTIVE

At the completion of this unit, you will be able to describe voltage, current, and resistance by
using simple electronic circuits.

UNIT FUNDAMENTALS

We can make and use electricity because there is a basic force in nature called electrostatic force.
The force is responsible for charge in an atom.

All atoms are made from three basic things: protons, electrons, and neutrons.

)
@ Q
"]

-I-
e Y T
e >
[ Lo ]
&> > >
- =

Protons and neutrons are at the center of the atom (the nucleus). Protons (P) give the nucleus a
positive charge. Neutrons (N), as the name suggests, are neutral (possess neither positive nor
negative charge).

Electrons (E) possess a negative charge. The amount of charge an electron has is an important
part of the description of electricity. The unit of measure for charge is the coulomb.

Because the charge of a single electron is very tiny, a coulomb includes the combined charge of
6,280,000,000,000,000,000 electrons.

However, the ampere (A), not the coulomb, is the most common measure of electricity (electron
flow). One ampere is the flow of one coulomb of electrons in one second past a given point. This
flow is commonly called current (I).

15
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LIKE CHARGES REPEL EACH OTHER

A charge has the ability to act on another charge with either attraction or repulsion.

Two charges of the same polarity repel each other.
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Two charges of unlike polarity attract each other.

NEW TERMS AND WORDS

charge - a type of electric energy. The basic electric charges are the negative charge of the
electron and the positive charge of the proton.

atom - a basic building block of nature consisting of electrons, protons, and neutrons. Each
element in the universe is formed from its own type of atom. There are over one hundred
different types of atoms.

protons - positively charged subatomic particle.

electrons - negatively charged subatomic particles.

neutrons - subatomic particles that possess a neutral charge.

coulomb - the unit of measure for charge (equal to the combined charge of 6.28 E18 electrons).
ampere (A) - the unit of measure for current. One ampere is the movement of one coulomb past a
given point in one second.

current (I) - a flow of electrons (therefore, the flow, or movement, of a charge).

electromotive force (emf) - the force that causes current to flow.

volts (V) - the unit of measure for voltage (and, therefore, emf). An electromotive force of one
volt produces a current flow of one ampere through a resistance of one ohm.

voltage (E) - another term for electromotive force.

potential difference - a difference in charge between two points. Potential difference is measured
in volts.

resistance (R) - the opposition to current flow in an electric circuit. When current flows through
a resistance of one ohm, there is a potential difference of one volt across the resistor.

ohm - the unit of measure for resistance. 1000 ohms is one kilohm.

16
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Unit 3 — Electronic Quantities

EQUIPMENT REQUIRED

F.A.C.E.T. base unit
DC FUNDAMENTALS circuit board
Multimeter

NOTES
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DC Fundamentals Unit 3 — Electronic Quantities

Exercise 1 — Circuit Voltages

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to describe and measure voltage in a
simple circuit by using a multimeter. You will verify your results with information found in this
exercise.

EXERCISE DISCUSSION

e A force must be applied to an electron to cause the electron to move. This force is
electromotive force (emf).

e The negative terminal of a battery has an excess of electrons with respect to the positive
terminal.

e One volt of electromotive force moves a charge of one coulomb through one ohm of
resistance in one second.

NOTES
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Exercise 2 — Circuit Current

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to describe and measure current by
using a simple circuit. You will verify your results with a multimeter.

DISCUSSION

Current is the flow or movement of electrons through a conductor from one point to another.
Electrons at the negative terminal of a battery are attracted to the positive terminal.

Total current in an electrical circuit is determined by the voltage applied to the circuit and the
total resistance of the circuit.

Current is directly related to voltage.

To measure circuit current, an ammeter is placed in series with the circuit.

The unit of measure for current is the ampere.

NOTES
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Exercise 3 — Circuit Resistance

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to describe and measure resistance by
using a simple circuit. You will verify your results with a multimeter.

DISCUSSION

The amount of voltage needed to cause current flow through a conductor varies with the
physical and electrical properties of the conductor.

The property of the conductor that resists the flow of current is called resistance.

The unit of measure for resistance is the ohm (€2).

One ohm of resistance is present in a conductor when one ampere of current flows under one
volt of potential difference.

Resistors are devices designed to insert a specified amount of resistance into a circuit. There
are four common types of fixed resistors: carbon composite, deposited carbon film, deposited
metal film, and wire wound.

Color bands are used to code the value of resistors.

Conductance has a reciprocal relationship with resistance and measures the lack of
resistance.

The unit of measure for conductance is the siemen (S).

The physical size of a resistor determines how much current can flow through it because
current flow generates friction that causes heat.

The watt is a measure of power.

The physical size of a resistor is a measure of how many watts of power it can dissipate in
the form of heat.

20



DC Fundamentals Unit 3 — Electronic Quantities

NOTES

21



DC Fundamentals Unit 3 — Electronic Quantities

22



DC Fundamentals Unit 4 — DC Power Sources

UNIT 4 — DC POWER SOURCES

UNIT OBJECTIVE

At the completion of this unit, you will be able to demonstrate battery circuits by using the DC
FUNDAMENTALS circuit board.

UNIT FUNDAMENTALS

@

A basic source of electricity with which almost everyone is familiar is the battery. Although
batteries come in many types and sizes, two of the most common types are the storage battery,
used in automobiles, and the dry cell, used in transistor radios and flashlights.

Examples of battery types and voltages are carbon-zinc or alkaline (1.5 Vdc), nickel-cadmium
(1.25 Vdc), and lead-acid (2 to 2.2 Vdc).

A battery is composed of two or more voltaic cells. A cell is one unit consisting of a positive and
negative plate.

A battery is normally composed of two or more cells that are assembled in a single working
package. Cells can be classified as primary or secondary. A primary cell, such as a carbon-zinc
dry cell, cannot be recharged. Secondary cells, such as automobile batteries, can be recharged.

o
o+

When cells or batteries are connected in series (positive to negative), their voltages are added,
and current is the same through each.

IT=h=I

23
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r
-]

1,5 L 1.5V I, Ir=I1+ I

When cells or batteries are connected in parallel (negative to negative and positive to positive),
the current capability of each is added, while the voltage remains the same.

IT=I1 +1I»

NEW TERMS AND WORDS

storage battery - a cell that can be recharged.

dry cell - a cell containing a moist electrolyte that cannot be spilled. The dry cell can be operated
in any position.

voltaic cells - a device made of three interactive materials that generates electricity.

primary cell - a cell that cannot be recharged.

Secondary cells - a cell that can be recharged.

EQUIPMENT REQUIRED

F.A.C.E.T. base unit
DC FUNDAMENTALS circuit board
Multimeter
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NOTES
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DC Fundamentals Unit 4 — DC Power Sources

Exercise 1 — Series and Parallel Battery Circuits

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to determine voltage by using batteries
connected in series and in parallel. You will verify your results with a voltmeter.

DISCUSSION

When the positive terminal of one cell is connected to the negative terminal of another cell,
the cells are connected in series and form a battery.

The voltage appearing at the two ends of the series of cells is the sum of the individual cell
voltages.

The current flowing through cells in series is the same.

When the positive terminal of one cell is connected to the positive terminal of another cell
and the negative terminals are connected together, the cells are connected in parallel.
When cells are connected in parallel, the voltage remains the same for each cell, but the
current capability of each cell is added to find the total current capability.

Batteries can be connected in series/parallel combinations. Each portion of the circuit (series
and parallel) is simplified prior to determining the total circuit voltage and current.
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DC Fundamentals Unit 4 — DC Power Sources

Exercise 2 — Series-Opposing DC Sources

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to determine voltage by using series-
opposing power connections. You will verify your results with a voltmeter.

DISCUSSION

e When two cells are connected in series (series-aiding), the total load voltage equals the sum
of the individual cell voltages.

e  When two cells are connected with the voltages opposing each other, the cells are series-
opposing rather than series-aiding.

e The total voltage in a circuit where two cells are connected as series-opposing rather than
series-aiding is the difference between the two individual cell voltages.

NOTES
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DC Fundamentals Unit 5 — Switches and Switching Concepts

UNIT 5 — SWITCHES AND SWITCHING CONCEPTS

UNIT OBJECTIVE

At the completion of this unit, you will be able to identify types of switches and demonstrate
switch circuit operation by using a multimeter and LEDs.

UNIT FUNDAMENTALS

Switches are devices used to close, open, or change the connections in an electric circuit. Open is
the OFF, or break, position, and closed is the ON, or make, position. The switch is usually placed
in series with the voltage source and its load.

In the ON position, the closed switch has very little resistance, allowing maximum current to
flow in the load with very little voltage (typically less than 0.5V) dropped across the switch.

When the switch is OFF, or open, the switch has infinite resistance, no current flows in the
circuit, and there is maximum voltage dropped across the switch.

NEW TERMS AND WORDS

pole - the current-carrying moveable part or parts of a switch that closes and opens an electrical
circuit.

contacts - the current-carrying part of a switch that closes and opens an electrical circuit.

SPST - abbreviation for Single Pole Single Throw switch; switch with two terminals used to
connect one terminal to the other terminal.

DPST - abbreviation for Double Pole Single Throw switch; a switch with four terminals used to
connect one pair of terminals to the other pair of terminals.

SPDT - abbreviation for Single Pole Double Throw switch; switch with three terminals used to
connect one terminal to either of the other two terminals.

DPDT - abbreviation for Double Pole Double Throw switch; a switch with six terminals used to
connect one pair of terminals to either of the other two pairs.

PBNO - abbreviation for PushButton Normally Open; switch whose terminals are connected
when its pushbutton is depressed.

PBNC - abbreviation for PushButton Normally Closed; switch whose terminals are connected
when its pushbutton is not depressed.

EQUIPMENT REQUIRED

F.A.C.E.T base unit
DC FUNDAMENTALS circuit board
Multimeter
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NOTES

30



DC Fundamentals Unit 5 — Switches and Switching Concepts

Exercise 1 — Identify Types of Switches

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to identify switch functions by using a
multimeter. You will verify your results with information found in this exercise.

DISCUSSION

All switches contain one or more poles.

A pole consists of one complete set of contacts that opens or closes an electric switch.

A single-pole single-throw switch connects only one point with another.

Double-pole switch controls two circuits or both sides of one circuit.

When the switch contacts make two points with one another, the switch is called a double-
pole single-throw switch.

A double-throw switch controls two circuit loads. Control only one conductor in the circuit
with a single-pole double-throw switch. Use a double-pole double-throw switch to control
two conductors in two circuit loads.

The slide switch has a mechanism that actually slides back and forth on a track, causing the
switch contacts to make or break a circuit connection.

Slide switches are available as single or multiple poles and in normally open or normally
closed configurations.
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DC Fundamentals Unit 5 — Switches and Switching Concepts

Exercise 2 — Switching Concepts

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to demonstrate basic switch-controlled
circuits by using the trainer. You will use LEDs and a multimeter to verify your results.

DISCUSSION

e A switch is usually placed in a circuit in series between a power or signal source and a load.
e The switch has very little resistance when in a closed position, or ON.
e The switch has infinite resistance when in the open position, or OFF.

NOTES
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DC Fundamentals Unit 6 — Ohm's Law

UNIT 6 — OHM'S LAW

UNIT OBJECTIVE

At the completion of this unit, you will be able to demonstrate the relationship of resistance,
current, and voltage by using Ohm's law.

UNIT FUNDAMENTALS
RE WL W% ONE APPEFE I
COF e OF CURRENT < OHE OHM OF
POTENT 1AL ": FESISTRMNLE
DIFFEREMCE | |

Electric potential difference is expressed in volts (V), the rate of electron flow is measured in
amperes (A), and the resistance to electron flow is measured in ohms (Q2).

VOLT (V) - the electric potential difference required to produce one ampere of current in a
circuit having one ohm of resistance.

AMPERE (A) - the current that exists when a potential difference of one volt is applied to a
circuit having one ohm of resistance.

OHM (Q) - the resistance required to limit the current to one ampere when a potential difference
of one volt is applied.

E=1=xFR I = E/F R = E/I

The diagram indicates the Ohm's law relationship between voltage (E), current (I), and
resistance (R). You should use this diagram as an aid in finding E, I, or R when the other two
terms are known.
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Resistance is a physical property that can be predicted and measured against manufactured
values.

| | OLE =AMNCE

MULTIFLY BY
SECOMD DIGIT
FIRST DILIGET

Manufacturers place color bands on the bodies of resistors to indicate their value. These color
bands follow a standard resistor color code, which was discussed in the "Electronic Quantities"
unit.

NEW TERMS AND WORDS

Ohm's law - In any dc electric circuit, the current is directly proportional to the voltage and
inversely proportional to the resistance. In its simplest form, Ohm's law is expressed
mathematically as E = IR (voltage equals current times resistance).

EQUIPMENT REQUIRED

F.A.C.E.T. base unit
DC FUNDAMENTALS circuit board
Multimeter
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DC Fundamentals Unit 6 — Ohm's Law

Exercise 1 — Ohm's Law - Circuit Resistance

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to determine resistance by using Ohm's
law. You will verify your results with a multimeter.

DISCUSSION

e Resistance is a property of an electrical circuit that opposes the flow of current in that circuit.

e In an electrical circuit where the voltage is held constant, the current flow is inversely
proportional to the resistance in the circuit.

e When voltage and current values are known, apply Ohm’s law to determine circuit
resistance.

NOTES
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Exercise 2 - Ohm's Law - Circuit Current

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to determine current by using Ohm's
law. You will verify your results with a multimeter.

DISCUSSION

e Ohm’s law states that current is directly related to voltage but inversely related to resistance.

NOTES
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Exercise 3 — Ohm's Law - Circuit Voltage

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to determine voltage by using Ohm's
law. You will verify your results with a multimeter.

DISCUSSION

e Voltage is directly proportional to current when resistance is held constant.
e Ohm’s law can be applied to calculate the voltage across any resistor when the current
through the resistor and the resistance is known.

NOTES
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DC Fundamentals Unit 7 — Series Resistive Circuits

UNIT 7 — SERIES RESISTIVE CIRCUITS

UNIT OBJECTIVE

At the completion of this unit, you will be able to determine the values of resistance, current, and
voltage in a series resistive circuit by using Ohm's law.

UNIT FUNDAMENTALS

A series circuit is one in which circuit components, such as resistors, are connected end-to-end to
form a complete path from the voltage source, through the resistors, and back to the voltage
source.

[ COHPLETE
PATH

I.

We call this a series circuit because the components are connected one after another, and there is
only one path for current as it runs through all the parts of the circuit.
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Resistance in series circuits is cumulative. The total resistance equals the sum of the circuit
resistances.

RT=RI+R2+R3
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L

Vg = 1
m |1

I ——

In a series circuit, current is the same through each part of the circuit.

IT=VA/RT
| L,
E “R1
'I-'H; = '-.'EE
11y

In a series circuit, the applied voltage equals the sum of each voltage drop.

VA =VR1+ VR2+ VR3

I

T 1

IR DROF

a1

o

|
LN

In a one-resistor series circuit, all of the applied voltage is dropped across the resistor. The
voltage drop (also commonly referred to as IR drop) has the same polarity as the voltage source:
negative where electrons enter the resistor and positive where electrons leave the resistor.

In this circuit, point A is said to be positive with respect to point B, or point B is negative with
respect to point A.
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i ™
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In most electronic circuits, a reference point is used. This reference may be called a reference
point or with respect to.

In this circuit, if point A is positive with respect to point B, then point B is the circuit reference
point.
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When the circuit has more than one resistor, the same principle applies. The polarity of all
voltages in a series circuit corresponds with the polarity of the current flow.

In this circuit, point A is positive with respect to point B. Point C is positive with respect to point
D. Point A is the most positive point of the circuit. Point D is the most negative point of the
circuit.

NEW TERMS AND WORDS

voltage drop - the amount of voltage across any resistor in a circuit; also called IR drop.
series string - a combination of two or more resistances in series.

EQUIPMENT REQUIRED

F.A.C.E.T. base unit
DC FUNDAMENTALS circuit board
Multimeter
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44



DC Fundamentals Unit 7 — Series Resistive Circuits

Exercise 1 — Resistance in a Series Resistive Circuit

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to determine the total resistance of
series resistive circuits by using a formula. You will verify your results with a multimeter.

EXERCISE DISCUSSION

e A circuit consisting of two or more components connected end-to-end to form a single path
for current flow is a series circuit.

e The total resistance is the sum of the individual resistances.
¢ In mathematical terms: Rt =R; + Ry + ... Ry (where N represents any integer)

NOTES
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Exercise 2 — Current in a Series Resistive Circuit

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to determine the current flow in a series
resistive circuit by using a formula. You will verify your results with a multimeter.

EXERCISE DISCUSSION

Electric current is the flow of electrons between two points in a circuit.

In a series circuit, there is only one current path; therefore, the same current flows through
each resistor.

Current flowing through a resistor generates a voltage drop across the resistor.
When the voltage drop across a resistor is known, Ohm’s law can be used to determine total
current in a series circuit.

NOTES
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Exercise 3 — Voltage in a Series Resistive Circuit

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to determine the voltage in a series
resistive circuit by using a formula. You will verify your results with a multimeter.

EXERCISE DISCUSSION

Current flowing through a resistor generates a voltage drop across the resistor.

The voltage drop can be found using Ohm’s law when current and resistance are known.
Voltage drops are symbolized by Vrn, where R, identifies the specific resistor.

In a series circuit, the sum of all the voltage drops equals the applied voltage. Mathematically
this is represented by this equation; Vo= Vg; + Vro + ... Vry

e A reference point must be established when measuring voltage drop.

NOTES
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DC Fundamentals

Unit 8 — Parallel Resistive Circuits

UNIT 8 — PARALLEL RESISTIVE CIRCUITS

UNIT OBJECTIVE

At the completion of this unit, you will be able to determine resistance, current, and voltage in a
parallel resistive circuit by using a formula.

UNIT FUNDAMENTALS

e A parallel circuit is a circuit in which two or more components are connected across a

voltage source.

e The major difference between series and parallel circuits is the path current takes.

e In a series circuit, the same current flows through all the components in the string. The
current through each component is identical.

e In a parallel circuit, each parallel branch provides a separate path for current flow. The
current through each branch need not be identical to any other branch current.

YOLTAGE #—
SOURCE
1@ vao

A parallel circuit with two resistors is shown. The voltage source is common to (across) both

resistors.

- ﬂ___ﬂ-‘:_
I =1 ]
YOLTRAGE —i— = &~ B = Rz
SOLURCE I ‘R ,_-9' - )
K Ve —— 1 LEBEG = 1Faen

With S1 open, R1 provides a 1 kQ load to the voltage source. Use Ohm's law to find current

through R1 (Ir1 ):

IR1 = VR /R1=10/1000=0.01A =10 mA
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Unit 8 — Parallel Resistive Circuits

VOL TRGE
COURCE — "1 5 =
g Ve —— . LEERn 1BEEN

When S1 is closed, a second 1 kQ resistor, R2, is connected in parallel with R1 to provide an
additional path (IR») for current. Because R2 is connected across the voltage source in the same

way as R1, the voltage source causes current to flow through R2.

WOLTRGE —1 b B
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In a parallel circuit, total current (IT) equals the sum of the branch currents.

With two current paths, the total current (IT) supplied by the source is the sum of the two branch

currents (IT=1Ir1 + IR2).
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Total circuit resistance equals the voltage source divided by total circuit current. To calculate

total resistance, apply the product-over-sum formula.
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NEW TERMS AND WORDS

parallel circuit - a circuit with two or more components connected across one voltage source.

product-over-sum - mathematical method used to find equivalent circuit resistance in a parallel
circuit with two branches.

reciprocal method - a mathematical method used to find equivalent circuit resistance in a parallel
circuit with more than two branches.

EQUIPMENT REQUIRED

F.A.C.E.T. base unit

DC FUNDAMENTALS circuit board
Multimeter

NOTES
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Exercise 1 — Resistance in a Parallel Circuit

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to determine the equivalent resistance
in a parallel resistive circuit by using a formula. You will verify your results with a multimeter.

EXERCISE DISCUSSION

In a parallel circuit, the equivalent resistance is less than the resistance of the lowest branch.
In a parallel circuit, the total current is larger than the current flowing through any single
branch.

Use the product-over-sum method to find the equivalent resistance (Rg) of a two-resistor
parallel circuit:

Rg = (R1 x R2)/(R1 + R2)

Total resistance of a circuit consisting of more than two parallel resistors can be found by
taking the inverse of the sum of the reciprocals.

Rg=1/(1/R1 + 1/R2 + ... 1/RN)

The reciprocal of resistance is conductance.

NOTES
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Exercise 2 — Voltage/Current in a Parallel Circuit

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to determine voltage and current flow
in a parallel circuit by using a formula. You will verify your results with a multimeter.

EXERCISE DISCUSSION

e In a parallel circuit, the voltage source is applied across each branch and is common to all
branches.

e Because the voltage across each branch is the same as the voltage source, the branch current
can be determined using Ohm’s law.

e Parallel circuits provide multiple paths (branches) for current; therefore, the sum of the
branch currents equals the total circuit current.

NOTES
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DC Fundamentals Unit 9 — Series/Parallel Resistive Circuits

UNIT 9 — SERIES/PARALLEL RESISTIVE CIRCUITS

UNIT OBJECTIVE

At the completion of this unit, you will be able to find values for resistance, voltage, and current
in a series/parallel resistive circuit.

UNIT FUNDAMENTALS

The rules for evaluating resistance, voltage, and current in a series/parallel circuit are a
combination of the rules you used to evaluate series and parallel circuits.

1,
. 1
1 ;i: ]

A series/parallel circuit is shown. R1 is the series element of the circuit; R2 and R3 are the
parallel elements (RE). R is the combined resistance of R1, R2, and R3.

R1: series element

R2 and R3: parallel elements
RE: combined R2 and R3 value

RT: combined R1 and R value
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—

Total circuit current flows through series element R1. Total current divides between parallel
elements R2 and R3.

IT and IR | are identical.

IR 1 divides between R2 and R3 based on their values.

IT=IR1 =1IR2 + IRr3.

o £
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The voltage across series elements need not be identical. Voltages across each resistor of a
parallel branch are identical.

VA=VR] T+ VRoor VR1 + VR3

VR2 = VR3

NEW TERMS AND WORDS
None

EQUIPMENT REQUIRED

F.A.C.E.T. base unit
DC FUNDAMENTALS circuit board
Multimeter
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NOTES
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DC Fundamentals Unit 9 — Series/Parallel Resistive Circuits

Exercise 1 — Resistance in a Series/Parallel Circuit

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to determine the total equivalent
resistance of a series/parallel circuit. You will verify your results with a multimeter.

EXERCISE DISCUSSION

e To reduce resistance in a series/parallel circuit to a single equivalent resistance, combine the
resistances of the series and parallel branches.

e Determine the equivalent resistance (Rg) of a parallel circuit branch with more than two
resistors of different values.

e Determine the total resistance by adding the value of Rg to the value of the series element.

NOTES
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Exercise 2 — Voltage in a Series/Parallel Circuit

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to find voltage in a series/parallel
circuit by using Ohm's law. You will verify your results with a multimeter.

EXERCISE DISCUSSION

e In a series/parallel circuit, voltage across each circuit branch is distributed in proportion to
the resistive value of each branch.

e The value of I is used for Ig; because the amount of current through any series element of
the circuit is identical to the total current of the circuit.

e Applied voltage is equal to the sum of the series voltage drops plus the voltage drop across
the parallel network.

NOTES
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Exercise 3 — Current in a Series/Parallel Circuit

EXERCISE OBJECTIVE

Identify series components and parallel components, and apply basic circuit theory to determine
current flow through each component in a series/parallel circuits.

DISCUSSION
e Total current in a series/parallel resistive circuit equals the amount of current flowing
through any component in the series branch.

e Total current in a series/parallel resistive circuit equals the sum of the currents flowing
through each leg of the parallel branch.

NOTES
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DC Fundamentals Unit 10 — Power in DC Circuits

UNIT 10 — POWER IN DC CIRCUITS

UNIT OBJECTIVE

At the completion of this unit, you will be able to determine power in series, parallel, and
series/parallel resistive circuits.

UNIT FUNDAMENTALS

Electric power is the rate of doing work per unit time. The unit of power measurement is the
watt (W). 1W of power equals the work done in 1 second by 1V of potential difference in
moving 1C (electron flow) of charge.

1C of charge per second is 1A of current flow. Therefore, power in watts can be defined as the

product of voltage and current: P = E x I. In a resistor, power (E x I) dissipates in the form of
heat.

PeaE=xI

]  E P

! I - P
‘-L_m E I / f

Ohm's law may be modified to accommodate the relationship between power, voltage, and
current.

Power is also related to the square of current or voltage.

P=ExI P=ExI
=IxRxI =Ex E/R
=12xR =E2/R
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NEW TERMS AND WORDS

power - The measure of work done within a specific time.
dissipates - The act of a resistor giving off heat as current flows through it.

EQUIPMENT REQUIRED

F.A.C.E.T. base unit
DC FUNDAMENTALS circuit board
Multimeter

NOTES
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Exercise 1 — Power in a Series Resistive Circuit

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to determine the power dissipated in a
series resistive circuit by using a power formula. You will verify your results with a multimeter.

EXERCISE DISCUSSION

e Total power dissipated in a series circuit is the sum of the power dissipated by each resistor
in the circuit.

NOTES
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Exercise 2 — Power in a Parallel Resistive Circuit

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to determine the power dissipated in a
parallel resistive circuit by using a formula. You will verify your results with a multimeter.

DISCUSSION

e The total power dissipated in a parallel circuit is the sum of the power dissipated by each leg
of the parallel branch.

NOTES
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Exercise 3 — Power in a Series/Parallel Circuit

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to determine the power dissipated in a
series/parallel resistive circuit by using a power formula. You will verify your results with a
multimeter.

EXERCISE DISCUSSION

Power in a series/parallel circuit is determined by the same formulas for series and parallel
circuits.

Total power delivered by the source is equal to the sum of the dissipated power.

In an electric circuit, power is delivered by the source to the load.

The source resistance, in series with the source and the load, affects the power delivered to
the load.

The combined effect of the load and source resistance is that maximum power is delivered to
the load when the two resistances are equal.

NOTES
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DC Fundamentals Unit 11 — Potentiometers and Rheostats

UNIT 11 — POTENTIOMETERS AND RHEOSTATS

UNIT OBJECTIVE
At the completion of this unit, you will be able to identify and demonstrate the use of a
potentiometer and a rheostat.

UNIT FUNDAMENTALS

- '~ WIFER ARH
l .--_-‘h
LZ)

A variable resistor consists of a resistive element that is electrically connected to a pair of
terminals (1 and 2). The center terminal (3) is connected to the wiper arm, which, when moved
by shaft rotation, changes the resistance between the center terminal and the other two terminals.
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A variable resistor using three external terminals to connect into a circuit is a potentiometer
(pot).

A pot controls voltage to a circuit.
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Unit 11 — Potentiometers and Rheostats
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A variable resistor using the wiper arm (center terminal) and only one end of the resistive

element is called a rheostat.

Rheostats are placed in series in a circuit to control circuit current.

Variable resistors are designed so that resistance varies when the shaft (or other adjusting device)
is rotated. The variation of resistance in relation to shaft rotation defines the taper of the variable

resistor.

RESISTRMHCE
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With a linear taper, one-half rotation changes the resistance by one-half the maximum value.
Resistance change is linear (in a straight line) with respect to shaft rotation.

68



DC Fundamentals Unit 11 — Potentiometers and Rheostats

FESLSTARNCE

_,—o—-"---

AIDFOIMT
SHAFT ROTATION
LOG TAFER

With a logarithmic (log) taper, one-half rotation changes the resistance by 10% of the total
amount. Resistance change is nonlinear (not in a straight line) with respect to shaft rotation.

There are three basic types of variable resistors: carbon composition, wirewound, and metal film.

Carbon composition types are available in wide resistance ranges, are inexpensive, and are
generally used in low power applications.

Wirewound types are available in low resistance ranges, are more expensive, and have wide
power ranges.

Film types are a compromise between carbon and wirewound elements in cost, resistance ranges,
and power.

NEW TERMS AND WORDS

potentiometer - A variable resistor connected with three terminals to provide a variable voltage.
rheostat - A variable resistor connected with only two terminals to provide a variable current.
taper - Variation in resistance of a variable resistor due to changes in the angle of shaft rotation.
linear - A change or control that varies at a uniform rate through the entire range of adjustment.
logarithmic - A change or control that varies at a different rate through its range of adjustment;
also called nonlinear.

EQUIPMENT REQUIRED

F.A.C.E.T. base unit
DC FUNDAMENTALS circuit board
Multimeter
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NOTES
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DC Fundamentals Unit 11 — Potentiometers and Rheostats

Exercise 1 — The Rheostat

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to vary current by using a rheostat. You
will verify your results with a multimeter.

EXERCISE DISCUSSION

e A rheostat is a variable resistor connected in series with a load and is used to control the
current flow through the load.

e A three-terminal potentiometer can be configured as a rheostat.

e The LINEAR/NONLINEAR VARIABLE RESISTOR circuit block consists of two variable
resistors (R2A and R2B).

e R2A is alinear pot, while R2B is a log pot; both are at the maximum resistance setting when
the wiper is turned fully counter clockwise (CCW).

NOTES
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Exercise 2 — The Potentiometer

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to vary circuit voltage by using
potentiometers with different tapers. You will verify your results with a multimeter.

EXERCISE DISCUSSION

e A potentiometer has three terminals and develops a voltage between the wiper and either one
of its ends.

e A potentiometer supplies a specified variable voltage.

e When a load is connected to the wiper of a potentiometer, the amount of available voltage is
affected.

NOTES
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DC Fundamentals Unit 12 — Voltage and Current Divider Circuits

UNIT 12 — VOLTAGE AND CURRENT DIVIDER CIRCUITS

UNIT OBJECTIVE

At the completion of this unit, you will be able to demonstrate voltage distribution, current
distribution, and the effect of a load on a voltage divider by using voltage and current divider
circuits.

UNIT FUNDAMENTALS

The resistive voltage divider provides a number of voltages from a single power source.
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A series resistive circuit forms a voltage divider. This circuit is connected across the power
source to provide the necessary output voltage. The voltage drop across each resistor is
proportional to the resistor value.
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DC Fundamentals Unit 12 — Voltage and Current Divider Circuits

When a load is added to a voltage divider, it is connected in parallel with one or more of the
resistances in the series string. Adding a load to the output of a voltage divider reduces the
voltage of the divider.
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The load resistor in parallel with R2 forms a current divider. The parallel circuit of R2 and
R.0AD can be called a resistive bank.
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NEW TERMS AND WORDS

voltage divider - A string of resistors designed to produce various voltages less than the source
voltage.

current divider - A bank of resistors designed to provide various currents less than the main-line
current.

bank - A parallel circuit with two or more branch circuits.

EQUIPMENT REQUIRED

F.A.C.E.T. base unit
DC FUNDAMENTALS circuit board
Multimeter
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NOTES
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DC Fundamentals Unit 12 — Voltage and Current Divider Circuits

Exercise 1 — Voltage Dividers

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to demonstrate voltage distribution by
using a voltage divider circuit. You will verify your results with a multimeter.

EXERCISE DISCUSSION

e In avoltage divider circuit, the ratio of circuit resistances determines the divider output.

e As the load resistance of a voltage divider decreases, the load voltage decreases.

e As the load resistance of a voltage divider decreases, the total circuit resistance decreases and
the total current increases.

NOTES
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