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FOREWORD

The Mid-America Vocation: | Gurriculum Consortium has developed a total concept for elec-
tronics. This approach is lesigned to provide a practical and realistic approach to compe-
tency-based training matei‘als in electronics and to provide basic electronics competencies
tor many other vocational programs.

Identitied are those tasks that are common not only to the entry-level electronic technician but
also to other vocational occupational programs such as appliance repair, heating and air con-
ditioning, auto mechanics, etc. Basic Eilectronics therefore covers the tasks not only required
of the electronic technician but also those tasks required in many other occupations. Basic
Electronics provides the foundation and serves as a building block for progressing 1o a higher
level of competency in many occupations.

General Electronics Technician includes those additional tasks required above Basic Electron-
ics for job entry in the electronics field.

Upon completion of the Basic Electronics and General Efectronics Technician competencies,
students are ready for job entry or may continue their education by specializing in one of many
electronics areas such as communication electronics.

Every effort nas been made to make these publications basic, readable. and by all means, usa-
ble. Three vital parts of instruction have been intentionally omitted from the publication: moti-
vation, personalization, and localization. These areas are left to the individua' instructors and
the instructors should capitalize on them. Only then will these publications really become a
vital part of the teaching-learning process.

Boh Patton, Chairman Greg Pierce

Board ot Directors Executive Director

Mid-America Vocational Mid-America Vocational
Curriculum Consortium Curriculum Consortium
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USE OF THIS PUBLICATION

Instructional Units

Basic Electronics contains seven units. Each instructiona! unnt includes some or all of the
basic components of a unit of instruction; perfermance objectives sugjested activities for
teachers and students. information sheets, assignment sheets, job sheets, visual aids, tests,
and answers to the tests. Units are planned for more thap one lesson or class period of
instruction.

Careful study of each instructional unit by the teacher will help to determine:

A. The amount of material that can be covered in each class period
8. The skills which must be demonstrated

1. Supplies needed

2. Egquipment needed

3. Amount of practice needed

4.  Amount of class time needed for demonstrations

C. Supplementary materials such as pamphiets or filmstrips that must be ordered
D. Resource people who must be contacted

Objectives

Each unit of instruction is based on performance objectives. These objectives state the
goals of the course, thus providing a sense of direction and accomplishment for the student.

Performance objectives are stated in two forms: unit objectives, stating the subject maller
to be covered in a unit of i-:struction; and specific objectives, stating the student performance
necessary to reach the unit objective.

Since the objectives of the unit provide direction for the teaching-learning process, it is
important for the teacher and students to have a common understanding of the intent of the
objectives. A limited number of performance terms have been used in the objectives for this
curricuium to assist in promoting the effectiveness of the communication among all individ-
uals using the materials.

Reading of the objectives by the student should be foliowed by a class discussion to
answer any questions concerning performance requirements for each instructional unit.

Teachers should feel free to add objectives which will it the material to the needs of the stu-
dents and community. When teachers add objectives, they should remember to supply the
needed information, assignmen and/or job sheets, and criterion tests.

iX
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Suggested Activities for the Instructor

Eachumt ot instiuction has a sugaested activitios sheet outhnung steps fo tollow i aceom
plishing specitic objectives Duties of instructors wilt vary according 1o the particwdar it
however, for best use of the material they should include the following: provide students with
oblective sheet, intormation sheet. assignment sheets, and job sheets: preview fitmstrips,
make transparencies, and arrange for resource materials and people; dircuss unit and spe-
Ohie abjectives and itformation sheet, give st Teachon e cncouradged 1o use any adde
tonal insiructionat activitiers and traching methods 10 ad students, in accomphshing the
ubnectives

Information Sheeis

Infarmation sheets pravide content essential tor meeting the cognitive (knowledge) obvoc
tives in the unit. The teacher will findd that the information sheets serve as an excellent guide
tur presenting the background knowleo e necessary 1o dovelop the skl specified in the unit
Obye tive,

Students should read the infaormation sheets boetare the intormation 1S disrussod i class,
Students may take additonal notes on the information sheets

Transparency Masters

Transparency masters provide intormation in a spocial way. The students may see as well
av hear the matenal being presented. thus reintorcing the learning process. Transparengies
may present new informahon or they may reintorce information presented in the information
sheets They are particularly effective when identification is neCessatry

Transparencies should be made and placed in the notebook where they will be immediately
avatlable for use. Transparencies direct the class's attention to the topic of discussion They
should be left on the screen only when topics shown are under discussion

Assignment Sheets

Assianmen’. sheets give dirtection o study and furmsh practice tor paper and pencil st
ties 1o devaop the knowledoe which is a necessary prereguisite 1o skl doevelepnent
Mgy be given to the student for compiction in class o used {or homewaork assignments.
Arswer sheets are provided which may be used tiy the student andior teachier for checking
student progress

Job Sheets

Job sheets are an important segment of each unit. The instrucior should be able to demon.
strate the skills cuthned in the job sheels. Procedutes outlined in the job sheets give direction
to the skill being taught and allow both student and teacher to check student progress toward
the accomplishment of the skill. Job sheets provide a ready outhne for students to tollow if
they have missed a demonstration. Job sheets also furnish potential employers with a picture
of the skills being taught and the performances which might reasonably be expected from «
parson who has had this training,

10



Test and Evaluation

Paperpencit and performance tests have been constructed 1o measure student achieve.
ment of each objective listed in the unit of instruction. Individual test tems may be pulled out
a..d used as a short test to determine student achievement of a particular u5jective. This kind
of testing may be used as a daily Quiy and will help the teacher spot ditficulties being encoun-
tered by studenis in their efforts to accomplish the unit objective. Test items for objectives
added by the teacher shouid be constructed and added to the test

Answers to Azsignment Sheets/Test

Answern: o the aosignment sheets and the test are provided o5 each unit. These may be
used by *ae teacher andior student for checking student acnievement of the obyectives.

S |
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. BASIC ELECTRONICS

INSTRUCTIOMAL/TASK ANALYSIS

JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able o Do the Worker Should ~now
{Psychomotor) (Cognitive;)

UNIT I: SHOP GRIENTATION AND SAFETY PRINCIPLES
1.  Terms and detinitions

2. Hazards of working with electrical and
electronic equipment

3. Facts about electrical shock
4. Treating a victim of electrical shock
5.  Types of tires
6. Types of fire extinguishers
7. Satfety coior coding
. 8. General safety rules
9. Types of hand tools and equipment

10. Factors to consider when selecting
hand tools

11, TJonl maintenance procedures
12. Types of soldering tools
13. Solder and flux

14.  Primary purposes for solder in electri-
cal applications

15.  Safe soldering procedures
18.  Types of connections
17.  Types of desoldering tools

18. Cleaners and lubricants

i
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19,
20.

21

22.

23.

24,

JOB TRAINING. What the
Worker Should Be Abie to Do
{Psychomotor)
Prepare a soldering iron tip tor use
Adjust wire strippers

Strip and tin wires for soldered connec-
tions

Solder wires to turret terminais, then
desolder wires

Splice wires together by means ot sol-
dering and crimping (flat cable)

Repair a printed circuit board

RELATED INFORMATION: What
the Worker Should Know

{Cognitive)

UNIT 1t INTRODUCTION TO DC

1.

2.

K}

10.

11

12.

14,

Xiv

Terms and definitions

Common parameters used in electron-
ics

Numgerical decimal equivalents and
powers of ten prefixes

Resistor color code

Determining resistance using the resis-
tor color code

Basic circuit elements and their sym-
bols

Types of resistors

Meter ranges for analog and digital
meters

Types of meter scales

General sieps used in preparing a mul-
timeter for operation

Characteristics of meters
Procedures for measuring vollage
Procedures for measuring amperage

Procedures for measuring resistance



24.

25.

26.

a7.

28.

31.

32,

33.

JOB TRAINING: What the
Worker Shouid Be Able to Do
{Psychomotor)

Soive problems for an unknown volt-

age. amperage, and resistance

Calculate the resistance values from
given color codes

Read analog voltmeter scales

Convert amperes to milliamps and
microamps

Read analog ammeter indications

Measure and compare current in a cir-
cuit at two different voitage levels

Wire a functional rel ’ circuit

Measure the voltage drop ina DC ¢ -
cuit

Demonstrate that magnetic poles can
attract and repel

Construct a simple electrornagnet and
check its operation

RELATED INFORMATION: What
the Worker Should Know

15.

16.
17.
18.
19.

20.

21.
22.

23,

oty

{Cognitive)

Amperage measurement characteris-
tics

Voltage measurement characteristics
Ohm's Law

Uses of Ohm's Law

Magnetic properlies

he use of the left-hand rule for con-
ductors and coiis

Methou and effect of induction
Types of grounds

Static electricity grounas



14.

15.

16

17.

18.

20.

JOB TRAINING: What the
Worker Should Be Abie 1o Do
{Psychomoton)

L oad

RELATED INFORMATION: What
the Worker Should Know

{Cognitive)

UNIT 1il: CIRCUITRY

1.

2

10.

11.

12.

Determine to1al voltage in a series cir-
cunt

Determine voltage drops across resist-
ances

Determine the total resistance in a
sSernes circuit

Determine current in a series circuit
Determine unknown circuit values

Determine unknown values in a resis-
tive series circuit

Compute the power dissipated in a
resistive series circuit

Calculate current and voltage in paral-
lel circuits

Xvi

Terms and definitions

Voltage in a series circuit
Resistance in a series circuit
Current in a series circuit
Voitage in a parallel circuit
Resistances in paraliel

Current in a parallel circuit
Voltage in a series-paraliel circuit

Steus to simplify resistance in a suries-
parallel circuit

Current in a series-paralie! circuit
Characteristics of electrical power

Functions oi a voltage divider



. JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know
(Psychomotor) {Cognitive)
21.  Calculale resistance in parallel circuits

22.  Calculate power in paralle! circuits

23. Galculate various values in parallel cir-
cuits

24. Trace current flow in series-paraliel cir-
Cuils

25. Perform exercises in circuit reduction
26.  Solve tor total resistance

27.  Solve tor total current

28.  Solve tor total voitage

29.  Solve for branch voltages and currents

in series-parallel circuits

30. Soive for muitiple values of voltages
axd current

31.  Answer questions regarding opens and
shorts in series-parallel circuits

32.  Answer questions about grounds and
voltage polarity

33.  Analyze no-load and load circuits
34, Verity Ohm's law
35 Ana. ze a series circuit

B Measure voltage, current, and resist-
ance in a parallel circuit

37. Analyze a series-paralie! circuit

38.  Construct a voltage divider and ana-
lyze its function

16
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JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able 1o Do the Worker Should Know
{Psychomotorn {Cognitive)
UNIT IV: INTRODUCTION TO AC
1. Terms and definitions
Principles of inductance
Principles of capacitance

Types of transformers

Power in three-phase circuits

S

Steps for identifying three-phase trans-
former connections

7. Formulas for converting from one AC
measurement to another AC measure-
ment

8. Phase shifting

9. Relationship between time and fre-
quency

10.  Common types of filters
11.  Configurations of filters

12.  Types ot single-phase transformer con-
nections

13 Measure aiterpating cunrent voltages
using a muitimeter

14, Measure alternating current using a
multimeter

15, Determine the configuration of a muiti-
ple-winding ransformer
UNIT V: CIRCUIT COMPONENTS
1. Terms and definitions

2. Equipment used in measuring circuit
components

3. Sersory factors in troubleshooting cir-
cuit comporents

Xviti




. JOB TRAINING: \Wwhat the RELATED INFORMATION: What
Worker Should 3e Abie to Do the Worker Should Know
(Psychomotor) {Cognitive)
4. Test and acceptireject, replace cells
5. Test and accept/reject, replace lamps

6. Test and accept/reject, replace
switches

7. Test and acceptireject. replace resis-
tors

8. Test and accept/reject, replace fuses
and circuit breakers

9.  Test and acceptireject. replace capaci-
tors

10.  Test and acceptireject, replace coils

11.  Test and acceplreject replace trans-
formers

12.  Analyze the eftects of temperature on a
thermistor

. 13. Test and acceptireject, repair cables
and wires

14. Test and acceptireject, replace relays
15.  Test and acceptlreject, replace sole-
noids
UNIT vI: BASIC POWER SUPPLIES
1. Terms and definitions

2. Depletion or barrier region of a P-N
junction and the barrier potential

3. Biasing effects on the P-N junction
4. Diode schematic symbols
5. Reaseons for diode failure

6. Rectifier circuits and output wave-
forms

Xix




11.

12.

13.

14.

15.

16.

JOB TRAINING: What the
Worker Should Be Able to Do
{Psychomotorn)

Use an ohmmeter to determine the
anode and carhode of diodes

Check transistors for proper operation

Construct and test a half-wave rectifier
circuit

Construct and test a full-wave bridge
rectifier circuit

Construct and test a capacitor fitter cir-
cu’t

Construct and test a Pi-section filter
circuit

RELATED INFORMATION: What
the Worker Should Know

10.

{Cognitive)

Power supply components and their
applications

Basic power supply functions
Voltage ~egulator circuit schematics

Troubleshooting the basic power sup-
ply

UNIT Vi SEMICONDUCTOR DEVICES

XX

Terms and definitions
Current flow in transistors

Charactenstics of trinsistor emitiers,
bases, and collectors

Emitter, base, and coliector of various
transistors

Characteristics of bipolar and field-
ettect transistors

Special semiconductor devigces and
their applications

Features of a typical dual in-line pack-
age (DIP) integrated circuit

19



11.

12.
13.

14.

JOB TRAINING: What the
Worker Should Be Able to Do
{Psychomotor)

Perform a static test of semiconductor
diodes

Test and accept/reject, replace light
Test transistors

Test and accepi/reject replace silicon-
controlled rectifiers

RELATED INFORMATION: What
the Worker Should Know

10.

xXi

(Cognitive)

Finding number-one pin on integrated
circuits

Advantages of integrated circuits as
compared to discrete components in
eguivaient circuitry

Guidelines to follow when working
with integrated circuits

o
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BASIC ELECTRONICS

Glossary

AC — Abbreviation for alternating current

Accident — Any unplanneri event, occurring suddenly, which causes personal injury or dam-
age to property

Accuracy — How near the instrument reading is fo the actual value

Alkaline cell — Gan provide up to seven times the service of a carbon-zinc cell; output voltage
is 1.5 voits: can be either primary or secondaiy cell

Ampere — Basic unit of electric current
Analog device — Component that operates at any voltage level within a range

Applied voltage — Total voltage supplied to a circuit; also referred to as supply voltage or
source voltage

Base — Control section that varies conductivity of the transistor
Battery — A group of cells connected on a series or parallel circuit

Bieeder resistor — A resistor that is placed in parallel with a capacitor in order to provide a
discharge path for the capacitor when the power supply is turned off

Branch circuit — Circuit originating from a main circuit, often one of many
Break voltage ~— Voltage levei at which a diode device will switch on and conduci current

Calibration — Technique of testing and adjusting an instrument by referencing it to another
instrument or device of known accuracy and precision

Capacitance — Property of a capacitor that opposes any change in voltage

Capacitor — Device used 1o store electrical charge

Capacitor tesier — An instrument that measures capacitance in leakage current
Carbon-zinc dry cell - - Most cornmon type of dry cell; nominal output voltage is 1.5 volits

Channel — Narrow path within a field-effect transistor through which conduction of current is
controlied

Chip — Integrated circuit

Choke — A coil of wire wound around an iron core or a form of insulating material a number of
times
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Circuit -~ A system of conductors through which an electne current is intended 1o fh w

Circuit analysis -— Applying Ohm's faw and other rules to determine the ettect of certain
parameters on circuit variables

Circuit breaker — A device designed to switch open a circuit automatcally when a current
overload exisis; this device raay be reset

Collector -~ Section of transistor in which majority current carriers are collected out of the
device

Concave -- Having a curved form which bulges inward
Continuity — A condition which results in a complete path for current tc flow
Convex — Having a cuived iorm which bulges outward

Counter electromotive force (CEMF) — Voitage developed in an inductor which is opposite
that of the applied vollage at every instant

Crimping -- Applying mechanical pressure to compress a sleeve-lype or cuptype eiectrical
terminal to ensiire a good electrical connection between the sleeve and the conducting wires
it contains

Cutoft — State when ail normal charge carriers stop Howing in a device

Cycle ~- One complete set of vaiues for a repetitive wave form

Cycling — The process by which a battery is discharged and recharged

Depletion mode — Finld-effect transistor operation in which a negative voltage on the gaie
repels electrons in the channel and reduced conduction

Depletion region - Area within semiconductor material where charge cartiers are neutralized
Diclectiic ~ Insulating substance between plates of a capacitor
Discharge -- To remove electrical energy from a charged tody {capacitor or battery)

Discrete device --- Component composed of one functional element as opposed to an inte-
grated-circuit device composed of many elements

Doping -- Process ot adding current-conducting impurities into crystal materials 1o make
semiconductors

Drain - Electrode of a field-ettect transistor corresponding to the collector of a bipolar tran-
sistor

Dry cell — A nonrechargeable source of electncal energy prodiuced by chemical action

Electralylic capacitor Capacitor that must be connecled in only one direction, observing
polarity

Electrolyte - - A substance which in solution, is dissoctaled intu 1ons and is capable of con-
ducting an electrical current

*D)
o
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Electromagnet -- A core of soft iron that is temporarily magnetized by sending current
through a coit of wire wound around the core

Electromotive force (EMF) — Force or voltage that causes cuirent to flow through a device

Emitter — Most heavily doped section of transistor where majority curent carriers trave!
inward, and thus are emitted into the device

Enhancement mode — Field effect transistor operation in which a positive voltage on the gate
attracts electrons into the channel and increases conduction

Error — How far the 1 =asurement is from the actual vaiue

Farad — Unit of measure of capacitance

Field effect — Electromagnetic force that controls conduction in field-effect transistors
Fillet — Solder-welding two edges at right angles

Filter — A device that reduces rapid variations in voltage or current by restricting variations
from the circuit, bypassing variations from the circuit or slowing rapid variations to a gradual
change

Flux -- Solution that cleans metals before or during soldering. or chemically acts to aid the
fusion process

Frequency -— The number of cycles pet second for a waveform with periodic variations

Frequency response -— Ability of a device to amplify a frequency without distortion or attenua-
tion

Fuse — An overcurrent protective device with an element that melts and opens the circuit
when overheated. this device must be replaced

Fusible resistor - A resistor for protecting a circunl against an overloacd

Galvanized -— Surface on which zinc has been deposited by the process of hot dipping or elec-
tropiating

Gate — Electrode of various semiconductor devices that provide control for operation

Ground - Common return to earth for AC power lines; chassis ground in eiectronic equip-
ment is the common return to one side of the internal power supply

Hardware —- Circuilry, winng, and devices of an electronic instrument or computer
Henry -- Unit of measure of inductance
Hertz -—— Unit of frequency; one Hertz equals one cycle per second

Hybrid integrated circuit ~ Device in which discrete components and mntegrated circuits are
combined into an integrated package

XXy )y
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Inductance - Property of an inductor that opposes anv chumge i current How
Inductor — Device used to concentrate magnetic iines of torce

Induction - - Production of an electne charge or magnetic field 1 a substance by an electne
source, magnel, or magnetic fieid

Input impedance - Total opposition 1o current at the input of a devsee
Insulation — A substance that prohibits flow of electricity

Integrated circuit --- Device constructed of multiple segments o semiconductor materials and
junctians cortaining the equivalent function of such discrete devices as transistor and diode
junctions and resistors

Interna! resistance -— Total resistance offered by a device: is normally associatod with the
poOWer source

Lag or lead angle — The relative displacement between voltage and current wavelorms mea-
sured in degrees; one cycle is 360°

Land — Printed wiring atlached to the surtace of a prifted cireuit board

Lead-acid wet cell — Most commonly used tor automobile battery, nominal output voltage is
2.1 volts; can be constructed in combinations of three (6 volit) or six cells (12 volty batteries:
lead-acid 1s a secondary cell and can be recharged

Leakage curten! ~ Undesirable current flow between capacitor plates due to mmability M
dielectric material to restnct that fiow

Linear device — Component that has the same qain or reaction (o the mpui over the operating
range regardiess of frequency or environmental factors such as temperature and humidity

Lithium cell — Has high output voitage. fong shelf life, low weight. and smali volume: output
voltage is either 2.9v or 3.7v. depending on the electrolyte; shelf life 1s ten years or more

Magnet -~ An object which will attract iron, mckel, or cobalt and which will produce an exier-
nal magnetic field

Magnetic field — The area around a magne! through which the fines of force flow

Magnetic switch - - A solenoid which performs a simple function. such as opening of closing
a switch

Magnetism - - A property of certain matorials which exerls a mechanical force on other mate
nals and which can cause induced voltages in conductors when relative movement is present

Maijority current catriers - Holes in the p-type semiconductor and vhe ‘rons m e ntype
semiconductor that transter most of the current within a type of senoonductor matenil

Monlithic imtegrated circuit - Device in which active eloments (Such as transistors) ano [as
sive elements (such as resistors) are integrated info a continuous single component on & sine
gle substrate

23
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Multimeier -— instrument capable of measuring “muitiple” of values

Node — A junctlion point in a circuit at which current divides inlo separete branches, or
reunites from sepaiate branches

Ohms — Unit of measure for resistance

Open {open circuit) -~ A condition that occurs when a circuit is broken (broken wire or open
switch) that interrupts current fiow

Open circuit - - A circuit with ne availabie path for cusrent to flow (infinite resistance)
Output impedance — Total opposition to current at the output ot a device

Oxides — Films and impurities which form on the surface of metals when exposed to air or
water and which. if not cleaned off, will prevent a good bond between the surfaces and solder

Pad — Round terminal connection point on a printed circuit board whe'e component lead
wires are attached

Parallel circuit — An electronic circuit whi. 1 provides more than one path {or branch) for cur-
rent te fiow

Parameter — A specified element or condition which detern ines the value of circuit variables
Period — The amount of time for one cycie

Phase — Source of AC power; a relationship between time and AC wave formn or between AC
wave forms

Phenolic hoard ~- Plastic ma.erial {thermosetting resin) which becomes permanemiliy hard-
ened when subjected to heat; origin. 'y known as Bakelite'; used for printed circuit board con-
struction

Pinch-off voltage — Voltage from the gate to the source of field-effect transistors at which
condition of current ceases

Potential difference — The electromotive jorce developed between two points thal moves
electric current through a load that is connected aciass a source

Pcwer — The rate of doing work

Power supply — Circuit or device that provides a specific electrical output by transforming a
difterent electrical input or converting other forms of energy

Primary cell — Battery that can not be rechary-:d

Printed circuit board — Plastic, fiberglass. or phenolic board upon which copper strips inter-
connect between mounted componeanis

Range — Establishes the lunits of a scale

Reactance — Measure of AC opposition offered by components such as capacitors and
inductors: measured in units of ohms
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Regulator — Circuit or device that serves to keep voltage or current output at a constant 1ovel
Relay - - An eiectncal switch which opens and closes a circuit automaticaily

Resistance -- Opposition to current

Resolution - How well the instrument will indicate a small change in the measured value

Ripple — Low-amplitude variation of DC power; usually results from insufficient filtering of
rectitied AC

Rosin — A material obtained from pine trees which is used during soldering o help ensure a
good bond between the solder and the metal surfaces

Run — Strip of conductor on a printed circuii bnard
Safety -- The state of being free from danger, personal risk, or injury

Saturation — When an increase in collector voltage no Jonger causes an inctease in collector
current and with an increase in base current it no jonger causes an increase in collector cur-
rent

Secondary cell -~ Battery that can be recharged

Selt-inductance — Conductor's aility to induce voltage in itself when current changes

Sensitivity -~ How well an instrument responds 10 small measurements of smali changes in
the value being measured

Series circuit — A circuit where the same curreni passes through each component

Series-parallel circuit — A circuit that contains some components in series and some in paral
iel

Series regulator — Controller ptaced in line with the load: controls by varying resistance o the
load currem

Sheif lite - Length of time a component can be stored before its operating characteristics
start to degrade

Short (shor! circuit) -~ A condition that occurs when a circuil comes into contact with another
pari of the same circuit, causing a change in either circuit resistance or current

Short circuit — An abnormal connection of relatively low resistance between two points of dif-
fering potential in a circuii

Shrink tubing — Plastic insulating sieeve which shrinks in diameter with the application of
heat i¢ form a seal

Shun! - - Circuit that bypasses a.other circuit or device, especially a tow-resistance bypass
for an ammeler circuit

Shunt regulator ~— Controller placed in parallel to the load: bypasses excessive current and
varies total current through a series resistance to controt output voltage
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Solder ~ - Soft metal atloy of tin and lead used for plating or fusing metals together
Solder joint -- Junction of two or more metails fused with solder

Selenoid - An electromagnet consisting of a coil with a moveable core: as current {lows
through the coil, the core moves, performing a mechanical action

Source -~ Electrode of a firid-effect transistor corresponding to the emitter of a hipolar tran
sistor

Splice ~ To unite {connect) two wires to torm a continuous length

Static electricity — The storage of electrical energy

Stripping — Removing insulation from electrical conductors

Substrate —— Base material of an integrated-circuit chip upen which the circuitry is formed

Switch — A mechanical or electrical device which breaks or completes a path for ¢lectrical
current or routes it over a ditferent path

Tank circuit ~— An inductor and capacitor in parallel
The reciprocal of a number — One (1) divided by that number

Thermistor — A temperature-compensating resistor where the resistance varies with the tem-
perature

Time constant — Time required for a capacitor or inductor to change by 3% after a sudden
rise or fali in voltage or current

Tinning — The application of a small amount of solder to surfaces o be soldered to help
ensure good wetling during soldenng

Tolerance — The acceplable amount of variation from an indicated vaiue

Transistor — Solid-state semiconductor device usually having three terminals; varies conduc-
tivity according to voitage and current inputs

Trigger — Electrical impulse used o furn devices on and off

Variable — Changeabie or capable of being changed

Voit — The unit of measurement of electromotive force

Voitage - Electrical force or pressure that causes the flow of elecincal cunrent (electrons)
Voltage drop — Difference in voltage measured across a compoenent in a cocuit

Watt — Unit of measure for power

Wetting -— The ability of molten solder to flow over and fuse compietely with the metal sur-
faces to which it is applied

Wicking — Flow of solder under the insulation of covered wire

Work — Amount of energy used in a specified time
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SHOP ORIENTATION ﬁﬁ':? |S!\FETY PRINCIPLES

UNIT OBJECTIVE

After completion of this unit, the student should be able to identify hand tools and equipment
used in basic electronics, apply general safety rules and procedures, and prepare and use a
soldering iron. Competencies will be demonstrated by correctly performing the procedures
outlined in the job sheets and by scoring a minimum of 85 percent on the unit test.

SPECIFIC OBJECTIVES

After completion ot this unit, the student should be able to:

1. Match terms related to shop orientation and safety principles with their correct
definitions.

2. list six hazards of working with electrical and electronic equipment.

3. Complete statements concerning facts about electrical shock.

4. Select true statements concerning treating a victim of electrical shock.
5. Match types of fires with their descriptions.

6. Match types of fire extinguishers with their uses.

7. Match safety colors with the types of hazards they designate.

8. Select true statements concerning general safety rules.

9. Identify types ot hand 100ls and equipment.
10.  Match hand tools and equipment with their uses.

11. Select true statements concerning factors 1o consider when selecting hand tools.

-
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OBJECTIVE SHEET

12.  Complete statements concerning tool maintenance procedures.
i13.  Match types of soldering tools with their uses.
14.  Select true statements related to solder and flux.
15.  List primary purposes for soider in electrical applications.
16.  Arrange in order safe soldering procedures.
17.  Distinguish between types of connections.
18, Select true statements concerning types of desoldering tools and their processes.
19. Complete a chart of cleaners and lubricants.
20. Demonstrate the ability to;
a. Prepare a soldering iron tip for use. (Job Sheet #1)
b. Adjust wire strippers. .Job Sheet #2)
C. Strip and thin wires for soldered connections. (Job Sheet #3)
d. Solder wires to turret terminals, then desolder wires. (Job Sheet #4) .
e. Splice wires together by means of soldering and crimping. (Job Sheet #5)

f. Repair a printed circuit board. {Job Sheet #6)
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BE-3

SHOP ORIENTATION AND SAFETY PRINCIPLES
UNIT !

SUGGESTED ACTIVITIES

Obtain additional materials andi/or invite resowce people 10 class to supplementirein-
force information provided in this unit of instruction.

(NOTE: This activity should be completed prior to the teaching of this unit.)
Make transparencies from the transparency masters included with this unit.
Provide students with objective sheet.

Discuss unit and specific objectives.

Provide students with information sheet.

Discuss information sheet.

INOTE: Use the transparencics to enhance the information as needed.)
Provide students with job sheets.

Discuss and demaonstrate the procedures outlined in the job sheets.
Integrate the following activities throughout the teaching of this unit:

1. Demonstrate the proper use of all hand tools.

2. Make stude s aware of the various types of tools which are available but are not
listed in the information sheet.

3. invite a fire department representative 10 class 1o demonstrate the proper use of
tire extingisshors.

4 Invite a Red Cross representative to class 1o demonstrate first aid and CPR tech-
niques.

5. Obtain and show film about static electric discharge.
6. Demonstrate proper tinning of soldering iron tip to class.
7. Demonsirate proper tinning of stranded wire conductors.

8. Meet individually with students {o evaluate theit progress thicugh this unit of
instruction. and indicate to them possibie areas for improvement.

Give test.
Evaluate fest.

Reteach if necessary.
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CONTENTS OF THIS UNIT

Objective sheet

Suggested activitics

Intormation shect

Transparency masters

1.

2.

10.

1.

12.

TM 1 — Electric Shock vs. Body Sensation

T™ 2 — Hand Tools

TM 3 - Hand Tools (Continued)

TM 4 — Hand Tools (Continued)

T™M 5 — Hand Tools (Continued)

TM & — Hand Tools {Continued)

TM 7 — Hand Tools (Continued)

TM 8 -- Hand Tools {(Continued)

T™M 9 — Types of Soidering Tools

T™M 10 — Soldered Connections (No Mechanical Security Prior to Soldering)
TM 11 -— Soldered Connections (With Mechanical Security Prior to & ~-1ing)

TM 12 — Types of Descidering Tools

Job sheets

1.

2.

3,

6.

Test

Job Sheet #1 — Prepare a Soldering Iron Tip for Use

Job Sheet #2 — Adjust Wire Strippers

Job Sheet #3 — Strip and Tin Wires for Soldered Connections

Job Sheet #4 — Solder Wires to Turret Terminals, Then Desolder Wires

Job Sheet #5 — Splice Wires Together by Means of Soidering and Crimping

Job Sheet #6 — Repair a Printed Circuit Board

Answers to test
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. SHOP ORIENTATION AND SAFETY PRINCIPLES
UNIT |

INFORMATION SHEET

i Terms and definitions

A, Accident — Any unplanned event. occurting suddenly, which causes pes-
sonai injury or damage 1o property

3. Concave - - Having a curved form which bulges inward

Concave

C. Convex -~ Having a curved form which bulges outward

Convex

D. Crimping - Applying mechanical pressure to compress a sleeve-type or
cuplype electrical terminal to ensure a good electrical connection between
the sleeve and the conducting wires it contains

E. Fillet — Solder-welding two edges at right angles

r Flux — Solution that cleans metals before or during soldering, or chemi-
cally acts 1o aid the fusion process

INOTE: There are many types of fluxe: for different types of soldering and
welding. Fluxes perform different jobs for various purposes and applica-
tions. Do not use unspecified fluxes on any application.)

G. Galvanized - Surface on which zinc has been deposited by the process of
. hot dipping or eiectroplating

i)




INFORMATION SHEET

Land — Printed wiring attached to the surface of a printed circuit board
Oxides — Films and impurities which form on the sarface of metals when
exposed to air or water and which, if not cleaned off, will prevent a good
bond between the surfaces and swider

Pad — Round terminal connection point on a printed circuit board where
component lead wires are attached

Phenolic board — Plastic material (thermosetting resin) which becomes
permanentiy hardened when subjected to heat; originally known as Bake-
lite®; used tor printed circuit beard construction

Printed circuit board — Plastic, fiberglass, or phenolic board upon which
copper strips interconnect between mounted components

Rosin — A material obtained from pine trees which is used during soldering
to help ensure a good bond between the soider and the metal surfaces

Run — Strip of conductor on a printed circuit board
Safety -— The state of being free from danger, personal risk, or injury

Shrink tuhing — Plastic insulating slcave which shrinks in diameter with
the application of heat to form a seai

Solder — Soft metal alloy of in and lead used for plating or fusing metals
together

(NOTE: Solder is available in many forms, including solid wire, wire with
paste, flux, bars, and washers. Sometimes solder includes other metals,
such as silver, goid. or cadmium.)

Solder joint — Junction of two or more metals fused with solder

Splice — To unite (connect) two wires to form a continuous length

Stripping — Removing insulation from eclectiical conductors

Tinning — The application of a small amount of solder to surfaces to be
soldered 1o help ensure good wetting during soldering

Wetting — The ability ot molten solder to tiow over and tuse completely
with the metal surfaces to which it is applied

(NTE: Dirt. grease. and oxides prevent good wetting during soldering.)

King — Flow of soider under the insulation of covered wire

A5
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INFORMATION SHEET

Hazards of working with electrical and electronic equipment

A

Facts

Electrical shogh

(NOTE: Electrical shock can cocur o the body contacls an electrical circuit
oris struck by hightning. It can caudse serious burns and muscle damage,
and can Kill a victim by stopping the heart or breathing, or hoth))
Elecirical burns

(NOTE: Electrical butns can oceur if the body contacts an electrical circuit
or is struck by lightning. or if the body is exposed to radio-trequency waves,
X-rays. or other forms of radiationa

Electrical tires

INOTE: Electncal tires can vecur it elecincal wires become heated because
of an gverloaded circunt and contact HHammable maternials )

Injury from misuse of teols

(NOTE: Personal injuries can be Cuused by the improper use of 100ls)
Chemical burns or poisoning

{NOTE. Some chenncals used as cleanars of lubncants can be harzardous if
ingested. Always wact hands thoroughly after direet contact and read the
labels tor special handling instructions.

Gas inhalation

INOTE:Electronic components expusedd 1o tigh amounts of heat or current
may burn and produce gases that if directly inhaled may cause irritation of
the lungs and respiatory system))

about electrical shock

Current is usually consered more dangerous than voltage.

High voltage dow carrenty teinds 1o knock the victinm away from the circuit,
MUNIMIZING eXPOSUTE ting.

High current tends 10 wause the budy o adhere 1o the aircuit. so that the
victim cannot let go. (i nsparency 4

1 Al about 1 nulfiampere (QOD G anperes), a shght shock wili be felt.
2. At about 10 mulliampieres (0.010 amperes) the shock is severe enough

to parulyse muscles, hut o prason may be able 10 et go of the con-
ductor

[ 2 ]
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INFORMATION SHEET

Atabout 100 mighampures (0 1 wnpetes) e Shock s usually fatal if it
fasts tor one secarad or o,

(INOTE. Human booy resistonge vanes bom about 500.000 ohms
whien dry 1o about 300 ohins when wet. Because of ths, voltages as
ow as 30 volts can cause vaeaah carent to be fatal. Any circuit with
a potential of al feast 30 volts mges bhe conslored dangerous.)

Treating a victim of electrical shock

A Salely remove the victim fron: Jontact with the seurce of electricily using
the following procedurg:

(CAUTION: Do not touch the elecitical circuit or the victim unless the power
is off or you are insulaled.)

T Twn ot the electnety by means of s switch or circuil breaker or cut
cables orwaes by rvearss of g veood tandled axe or insulated cutters
it available

‘. Use a dry stich, mape deather belt, coat, blanket, o any other noncon-
ductor o clectnnty ko Seaeate the victim trom the electrical circuit,

B. Cail for assistanc.

Lo Others i the drea ray baeomere knces 'odgeable than vou about treat-
inag the viotim

2. Another prerson can owt for prctenseonal inedicad help while you
adnuni=ter Tunt e

C. Check victim's breathime anit hea et

INOTE: TIME IS LIFE AT THIS POINTYH

(CAUTION: Mouth-to-mouth resuscitation and cardiopulmonary resuscita-
tion can cause more harm than good to a victim unless the person adminis.
tering the first aid has been trained in the proper procedure.)

1.

P

x

I pulse u detectablie but breathimg has stopbed, admimster mouth-
to-mouth resuscitation unt! medical hednh arnves.

i heartheat has stopped. administer cardiopulmonary resuscitation,
but onty if you have: beern: rained m the poper technigue.

I hoth hoan theal arad breathing have stopped, alternate between car-

diopulmonary resuiotation vt mooth-te-mouth resuscitation, bt
again. only b you have Deen oed o this techmgue

a" "oy
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INFORMATION SHEET

Admunester trst i 1or shock and DBurns as necessary,

i Use Dlankepsor Coats to help keop the victm as warm and comfort-
Gble as posuble whiie wating for help,

20 Hage victms eas shohtly above head ievel to help prevent shock.

3 he victim has sottered burns
o, Cowver vour mouth and nestrils with gaure or a clean handker-
shuet 1o prevent breathing gorms on the victim while treating

ther bons,

b Wrap burned area booolv with sterile gauze or clean linen or
towels

{CAUTION: Do nrot attempt any other treatment of burns.)

Alwave continae Poatment but only withen vour aoility until medical heip
AT TV

Types of tires

A

Class A Firos that ovcw s ondinginy combustible matenals
Examples, Aood regs payen o trash

GClass B - Fues that aaosur i flanymabice hoyuds

Examplos. Gaosohme, ool crepe prante, and thinners

Class C - Frres thuat ootur i olectneal and electronie equipment

Examples. Motoro aowdohborad . oot wanng. radios. and television
Seels

Class U Frreso thot ooyt m o ombasthibie metals

Examples Posedoasd ahtianun and P ey
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INFORMATION SHEET

VL. Types of fire extinguishers and their uses

A, Foam - Instead of spraving stream into the burning liquid, allow toam to
falt hghtly on e tire use for eliass A or class B tires

B. Carbon dioxide - Dirent discharge as close to tire as possible, first at the
edge of Hiames, then graduatiy forward and upward; use for (lass B or class
C tires,

C Pamp tank - - Place foot on fool pump and ditert stieam at base of fire: use
aon class A fire 5 only

-3
1
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INFORMATION SHEET

D. Dry chemical — Direct at the base of the Hlames and with a class A fire, fol-
low up by directing the dry chemicals at remaining materiais that is burn-
ing; use for class B or class C fires.

E. Halon — Sland back ten feet, hold upright, and direct at the base of fire,
sweaning from side to side: use for class C tires.

(NOTE: Halon is a clean, liquitied gas which does not leave a residue.)

{CAUTION: High concentration of burnt halon gas may be hazardous to
your health.)

Vii.  Seafety color coding
A Green

1. Appiied to nonhazardous part ot machine and equipment surfaces,
like nameplates and bearing surfaces

2. Designates sate areas of equipment, and is also used 1o show ioca
tion of safety equipment and tirst-aid materials

B. Yellow

1. Applied 10 operating levers. wheels, handles, and hazardous parts
that may cause stumbling, talling. snagging, or tripping

2. Designates caution

BE-13
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INFORMATION SHEET

Qrange

1.

Ay

Red

Blue

0

Ivor,

Applied to electrical switches. interior surfaces of doors, fuses and
electrical power boxes, and movable guards and parts

indicates dangerous paris of eguipment which may cut, crush,
shock, or otherwise physically injure someone

Applied to butlons or levers of elecirical switcnes used for stopping
machinery. and to all equipment, such as gasoline cans. which are
fire hazards

Designates tire hazards and fire-fighting equipment

(NOTE: The color red is also applied 10 other tire-tighting equipment,
such as fire alarms. tire axes, and emergency exits.)

Used to identify equipment which is being tepaired or is defeclive
and should not be operated

Designates “out of order” or “detective”

Applied 10 table edges. vise jaws, and edges of too! resis where extra
tight reflection is important

No particular designation except to help show tool and equipment
moving edges more clearly

General safety rules

A

B.

Keep all hand tools clean and in safe working order.

Report any defective tools, test equipient. or other cqumpment to the
instructor.

Do not remave any safety devices, {i.e. ground straps, switch cuvers, elc.)
without the permission of the instructor.

Do not operate or energize any circuit that could be hazardous without first
receiving instruction on how to do so salely.

Report all accidents 1o the instructor regardiess of nature or severity.
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INFORMATION SHEET

Turn off power belore leaving test equipment or circuits being worked on.

Do not use any solvent without first determining its properties. and how to
use it sately

(NGTE: Soivents should be used only in well-ventilated spaces.)
Keep the laboratory tioor ciean of scraps and litter.
Clean up any spilled liquids immediately,

isolate tine (powern voltages from ground by means of isct2tion transform-
ers.

Check all ine {power) cords before using and if the insulation is brittle and/
or cracked. DO NOT USE and report to the instructor.

When measuring voitages with a meter and test probe. be careful not to
connect yourself to a vollage of any value.

Be certain that tloor is insulated either by tile, rubber mats, or the wearing
of rubber-soled shoes.

When measuring voltages expected to be greater than 30 volts, turn off or
disconnect live circuit betore connecting test equipment. or follow manu-
tacturer’s recommended procedures.

{(NOTE: Always treat voltages with great respect.)

Itis recommendad that only equipment with a polarized (3-prong) plug be
usal.

Do not defeat the purpose of any safety device such as fuses, circuit break-
ers, arinterlocks: shorting across these devices could cause excessive cur-
rent flow, and destroy o seriously damage equipment being worked on, as
well as cause a fire.

Do not carry sharp edged o pointed tools in your pockets.

Do not indulge in horsepiay or play practical jokes in any work area.
Wear safety glusses when required.

Do not wear nngs or jewelty when working with electrical devices.

Wear proper clothing

Exericise good judgment and common sense.
¢ Jutit

A ;“!
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INFORMATION SHEET

IX.  Types of hand tools and equipment {Transparencies 2. 3. 4. 5. 6. 7 and 8
A Pliers
1. Long nose chain pliess
(NOTE: These are commonly called needlenose pliers.)
2. Diagonai cutting pliers
3. Linerians side cutting pliers
4. Combination slip joint pliers
B. Saws
1. Hacksaw
2. Hole saw

C. Screwdrivers

1. Flat blade (slot-head' screwdriver

2. Phillips® head {cross-point) screwdsiver

3. Torx® driver
(NOTE: Torx driver is a b point fastening system with maximum
torgue, and minimum slippage. Due 10 its shape, it is often calied a
“star fastener™)

4 Pozidriv¢ driver

(NOTE: Although the pozidriv* screwdriver resembies the Phillips ~ tip
configuration, the two should never be interchanged.)

D. Adjustable wire strippers
E. Electrician’s six-in-one too!
F Wrenches

1. Adjustable wrench

2. Hex and spline wrench

G. Nut driver ’§ o
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® INFORMATION SHEET

H. Hemostat clamp
I Ball peen hammer
J. Files
1. Fiat file
2. Haltf-round file
3. Precision file
K. Punches
1. Center punch
2. Sguare hole punch
3. Round hole punch
Mechanical wire strippers
Thermal wire strippers
Soldering iron stand
Heat sink
Component lead cleaner
Soider sucker
Shrink tubing
Insertion or removal tool
Drill and drill bits
Wire gauge
Soldering vise

£ < ¢ A »® 3 p T O ZZET

Crimping tool (open barrel)
X. HMand tools and equipment and their uses
A. Long nose chain pliers
1. Holding components
2. Heat sink
' 3. Shaping and forming small conductors
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INFORMATION SHEET

B. Diagonal cutting pliers
1. Cutting wire and comporient lcads
2. Stipping nsulation from wire

C. Lineman’s side cutbing pliers

1. Cutting heavier conductors and cables

rS

Cutting small screws
3. Strpping insulation from wires
4. Forming large conductors
D. Combination slip joint pliers
1. Loosening small to medium size nuts and bolts
2. Hoiding and turning

E. Screwdrivers - - Removing or tightening screws and bolts (tlat-blade, Phil-
hps”, Torx' . or Poxsidriv)

F. Hacksaw .
1. Culling chassis metal
2. Cutting bols or metal parts

Example:  Antenna mnstallation parts. or screws and bolts 6o large
1o cut with side culting pliers

G Electririan's six-in-pne too
1. Comping solderess connect ons
2. Cutlting wire
3. Sttipping insutation from wire
4. Shearing bolts
5. Thread gauges
6. Length gauges tor stripping
H. Nut drivers
1. Holding nuts or bolt heads

2. Tightening or locsening nuts or bolts
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I Hex ard sphnt wrenches
. Tghtening or loosemng soche! oo 5010w 3
2. Tightening or osening 5ot sCivwes

J Hole saws and hele punches
1. Cutting hoies up 1o four inches in diamieter
2. Punching round or scuare holes in metal

K. Mechanical wire stnppers - For cutting and pulling insulation from ends
of conductors

L. Thermal wire strippers — For removing wire insulation by heating and meli-
ing the material, prevents wire strands, but cannot be used on insulation
that will not melt. such as glass braid or asbestos

M. Soidering iron stand -— For supporting a hot seldering iron when not in use

N. Soldering vise — For clamping and holding a printed circuit board or other
component during seoldenng or other repair operations

. 0. Crimping tool -~ For making a strong mechanical connection to certain
sleeve-type terminais

P Shrink. tubing -— For prevenling electrical connections from becoming
shorted to adiacent connections

Q. Heat sink —- For drawing heat rom soldered connechion to prevent damage
to componenis

R. Component lead cleaver - For removing oxwies and other films from com-
ponent leads

S. Insertion or removal ool - Forinagiting or remaoving integrated circuits
without bending pins

Xl.  Factors to consider when selecting hand 1ools

{(NOTE: When in doubt about what tools are best, consult a practicing electronics
specialist in your area ]

Al Tool siz¢ should be matchoed tor the work most frequently encountered.
B. Tools should be specificatly desioned tor electronic use when possibie.
. Examples:  Insulation on handles of pliers and screwdrivers
8 s

1,
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XH.

XHi.

X1V,

INFORMATION SHEET

¢ Knew the spectcations Bayfore purchasing a tool,

Bvampde, Phers, jong cham nose. 5™ with piastic grnip handies, and ser-
rated jreas

Bt Dlade serewdniver, electicians round shank, 87 x "
Panade w cushion grips

Tool maintenance procedures
A Serewdnvers
1 Reatind worn or damaged tlat blade screwdrivers

o Discard damaged Philips® screwdrivers.

1 Reep phies civan and rust free.
3 Keep cutting edges sharp and smooth.
A Keep phers working treely

4 Bepaur ar roplace damaged handie msulation.

. Adastable wienches - Keep worm Qedrs clean and jubricated.
0. Alltools - ldentity tools by labeling with an cleatne vibrator pen or scratch

aw!
Types of solderine {ools and their uses Jransparency G

iy IBO-TIE 6 1 26 watts - For soldering 1solated electrical connections:
chnnpoades vlectncal bakage and the need fo grounding

. soldeting pencil 1010 36 watls - For soldenng smalf electncal connection

G, sSeiderng gun, 130 watts - For solgerng kuge electrical conneclions
when betiet heal contiah is roguired

D Temperature ¢ antrollsd soldenng umt -+ For soldering many connections
Y IO S

Solder and flux
A soldar - For maiong electncal connections: most common type is 60/40
rosit oo Soer contaring 807 bnand 407 - lead. with a center core of

rogin Hux 1o silow samultaneous application of both solder and tuy

1 Solder for clectronic applications is available in bars, sheets, wire
soolasand special forms such as pellets, rnngs. and washers,




INFORMATION SHEET

2. Wire solders in the range from 0.030” to 0.080" in diametor are com-
monly used for hand soldering.

a. Larger sizes are used for generdl purpose work,

b. Smaller sizes are used for delicale soldering applications
such as pc boards and solder cup-type pins found on certam
connectors.

Flux — A chemical agent used to remove the thin films of oxide present on
the metal surfaces to be soldered;, when applied to the joint, the flux
attacks the oxides and suspends them in solution where they float to the
surface during the soldering process. there are three major classifications:

1.  Chlorides {organic salts) are the most active and highly corrosive
fluxes; they absorb moisture trom the atmosphere and react strongly
with acid at room temperature.

2. Organic (acids and bases) fluxes are slightly less active than chlo-
rides; they are used mainly for confined areas where fast soldering
time is important and corrosion is not a problem,

3. Rosin is used almost exclusively for its noncorrosive characteristics
at room temperature; is corrosive at the meiting point of soider which
cleans the area while heated {approximately 381°F).

Primary purposes for solder in electrical applications

A

Makes connections with virtually no resistance to electrical current flow
Example: Companents soldered to printed circuit boards
Prevents corrosion ot conductors, connections, and paris

Example: Printed circuit runs are often entirely coveren with solder; termi-
nal lugs are often coated with solder

Makes connections mechanicaliy stionger

Example: Soldered connections will not pull apart as easily as wires that
are merely twisted fogether

Seals containers to keep out dust and moisture
Example; Radio frequency crystal cannisters gre sealed with solder.

small, encased transtormers or relays may be sealed with sol
der

BE-21
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XVl

XViL

INFORMATION SHEET

Saie coldering procedures

{C£ 7. ON: A hiot iron can burn a finger or siart a fire. Use care. Be sure the power
cora is not where you can trip over it. Wear safety glasses when soldering.)

A Seiect e soidenng ren for a specific application.

(INQTE The veidenng iran muost be grounded when working on electrostatic
Tenssiag Cumponents

R Prepuarre soldenng up prior to use by a process termed tinning.
G Propoge aria 10 he soldaed.
! Remoye surface contaminants and oxides.

o ARy hgud flus 1o area {0 be solderod,

e Frace st amount of solder on tip of iton 1o aid heat transfer.

E Placec b ot o aoxt to terminal area and lead.

F Place soidst on epposite side of the lead.

Ui Homove solager from heat atter i has flowed and tormed a smooth contour

fwetter around the lead and terminal pad
B Farencne Gidening nein.
N U e the aon when not in guee )
Ao sol e aneg o onoel.
J Remove coptirmmated Hux residue from soldered area
Types of conneciiuns

=

A No e nameal connection pnor (o soldering (Transparency 10)
! oo comnecinns (0o mecnamncal seCurity)

e Voo e waito

P oab o day

Fao i BUt cenn L hions are used rartely in electnical creuns.)

N Copr connections (no mechanical security)

YV L T

i Wire 1o it
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. Flat-to-fiat
r, Wire-{o-post
33 Wire-to-cup or sleeve
{ Wire-to-hole
B. Partial mechanical connection prior to soldenng (Transparency 11
1. Wire-to-hook
2. Wireto-tiat lug
3. Wire-to-turref or post
C. Full mechanical connection prior to soldenng (Transparency 11)
1. Wire spliced to wire
2. Wire to flat lug
. 3. Wire to turret or post
4. Wire o crimp sleeve
XVill.  Types of desoldering tools and their processes (Transparency 12)
A Solder wick
1. Used to remove excess solder fre a the connection

(NOTE: The soider wick s made of tinely woven strands of copper
wire.)

2. Process
a. Place wick over terminal area and lead to be desoldered,

b. Place solder iron tip in contact with the solder wick and press
down against the connection.

C. The solder will melt and flow in the direction of the heat trans-
fer. The solder is trapped by the solder wick as it tlows up
through the weave.

d. With the solder removed from the connection. the lead can be
. bent away trom the terminal pad and the corniponent removed.
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INFORMATION SHEET

8. Desoldering buib
1. Usedlor removing excess solder or for desoldering component leads
2. Process
Q. Apply heat to area to be desoldered
b. As sulder begins to melt the buib pressure is released
o The hquid solder is drawn up into the buib by the suction
d If solder remains, the process must be repeated
C. Solder sucker

1. Used in the same manner as the desoldering bulb except that the
suction is produced by a spring loaded piston

{CAUTION: When working with MOS integrated circuits, it is neces-
sary to use an anti-static solder sucker to sliminate static electricity.)

2. Process
a Push the piston handie downward
b. Rotate the handle to engage the release pin
C. As the solder begins to meit. the pin is disengaged

d. The solder is drawn up through the hoilow tip as the spring
pushes the plunger upward

(NOTE: Both the desoldering bulb and the solder-sucker are easily disas-
sembled to remove the accumuiated solder. It may be necessary to use an
anti-static solder sucker to eliminate static electricity)

XIX.  Cleaners and lubricants

(NOTE: Many of the cieaners and fubricants listed below may be hazardous to
your heaith. Read labels carefully and clean hands thoroughly after use.)

D e W U P P S VU Y ——

Cleaners Type Application

Alcohol, ethyl Petrateum sotvent Cleaning solder connections
Thinner for shellac and rosin

Acstone Polroleum solvent Removal of oily films, paints, and
jacquer
Lucite cement

Bright dip Acid muxture contain Clﬁ?amng metal surtaccs after

ing sultunic. hydroch- etching or soldering

ionic, and nilric acids

2
S
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Cleaners

Type

Butyl celluiose

Cyciohexanone

Hydrochloric acid

isophorone

Isopropyl aicohol

Kerosene

Ketone, methy!
ethyl
Lacquer thinner

Mineral spirits

Perchiorethyiene

Phosphoric acid
Sodium hvdroxide

Toluene

Trichioroethane

Petroleum solvertt

Petroleum solvent

Diluted acid

Petroleum soivent

Petroleum solvent

Petroleum soivent

Petroleum solvent

Petroleum sotvent

Petroleum solvent

Chlorinated soivent

Diluted acid
Alkaline solvent

Petroleum solvent

Chiormnated solvent

Appiication

Thinner and wash-up for epoxy
Tt ks

Vinyl solvent and cement thinner

Remove mill scale from steel
Bright dip ingredient

Wash-up for vinyl inks

For removing oil, grease, and
flux from conductors and rermi-
nals both before and afies solder-

Ing
Machine cutting tHuid

Lacquer thinner and paint
remover

Thinner and wash-up tor lacquer
and lacquer ink

Wash-up and thinner for ruboer,
oil, ethyl cellulose inks, and
alkyd enamels

GenerLi-purpose cleaner and
vapor degreaser

Remave milk scaie trom steel
Cleanino and etching aluminum
Wash-up and thinner for rubber,
o, ethyl cellulose inks, and
alkyd enamels

Wash-up layout dye and screen

inks
Ultrasonic cleaning

BE-25
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Cleaners Tvpe Appheation
Trichlcrethylene Chionnated some Gueneral-purpose  cleaner  and

vapar geareaser

Turpentine Petroleum solvent Muchine cutling thuid
Xviene Petroleum solvent Thinner 1o acrylic printing inks

Wash up for syntbetic cnamels
ang photo resisl ink

Lubricant Application
WD40 General purpose lubrncant
3in-1 oil General purpose lubrnicant .
I




Current Flow Through the Body in Amperes.

Electric Shock Versus

Body Sensation

1.0
05— = Severe Burns
0.2 . Breathing 3tops
DEATH
0.1 .
— Very Difficult Breathing
— Labored Breathing
— Severe Shock
0.05__ .
— Paralysis
— Cannot Release
— Painful Sensation
0.02____[—
— Mild Sensation
0.01____|_
0.005___|-
i Slight Sensation
—
0.002___
0.001 -

BE-27

T™ 1



BE-29

® Hand Tools

Diagonal Cutting Pliers

Combination Slip-Joint Pliers

Lineman’s Side Cutting Pliers

™2
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@ Hand Tools

(Continued)

Pozidriv® Drivers

[ ol )
af) ™3




Hand Tools

(Continued)

NSO AN

Adjustable Wire
Strippers

Adjustable Wrench

W

Hex and Spline Wrenches

A

- 1

Nut Driver

(7 U

L

Hemostat Clamp

BE-33
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Hand Tools
(Continued)

% '_

Round Hole Punch Center Punch

Flat File

Square Hole Punch
Precision Files

BE-35
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Hand Tools

(Continued)

~~——==

Solder Sucker

— T

Soldering Stands

0
ks

Heat Sink

BE-37
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Hand Tools

(Continued)

Iren ol

Heat Shrink Tubing

Extraction Tools

and

Insertion

™7

60
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® Hand Tools

(Continued)

I N .
"}"\lt

Wire Gauge

LI 3 :
Drill Bits

Open Bairel Type Crimp Tools

. ™S8
b
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® Types of Soldering Tools

Soldering Gun

Temperature Controlled Soldering Unit

™ 9
£
LS

ERIC

Aruitoxt provided by Eic:



Soldered Connections
No Mechanical Security Prior to Soldering

Butt Connections*

TR o 50 o

Wire-To-Wie* Flat-To-Flat**
LLap Connections
. =
*Butt Connections
are Seldom Used : : !
in Electrical Work Wire-To-Wire** Wire-To-Flat
. ™
"*These Connections > ,-‘
Require a Fixture o ] ;7
to Prevent Move-
ment During Flat-To- Fiat —
Soldering Wire-To Post
E_. pludataiiadpdiaios toplu C E\\‘-
m “ Y
Wire- To-Cup or
Steave Wrre-To-Hole

OL WL

63
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Soldered Connections
With Mechanical Security Prior to Soldering

e L e ——— e m e meme L [ - e mmm— o ve e e S S,

‘Partial Mechanical Secumy =
.

. .
‘ }; S Biturcateq
: ‘%’ :
f

T o .....!' . » R T ('f”‘!”)&}: L Utl S . e f I(xrnun“,]
G" e -:"&\- Y- o - -,.M3 ’A’ /“.A\.\\ ‘,‘ }‘\ } 1
- . s . .t - )

»“ ./. .
G Turret N b
' ) e Torminal N
e P =01
LT ( Pt
© Wire-TaeFiad /\V( J

Lug S

b e e e s . et R A am i ey e e e e A e i oot s o oot S —

* Full Mechanical Secumy ]

LAL

'v,\ Wirer To Flat
Luq

e R SR J_ |
e - - .t -
L. : Wiie-To-

Crimp Sleeve

Wire Te Pot

et e

L
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® Types of Desoldering Tools

Solder Sucker

Desoldering lron Attachment
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. SHOP ORIENTATION AND SAFETY PRINCIPLES
UNIT |

JOB SHEET #1 — PREPARE A SOLDERING IRON TIP FOR USE

A. Equipment and malerials needed
1. Soldering iron -— Pencil iron with copper or iron-clad tip
2. Damp sponge
3.  Fint wire brush
4.  Fine metal file
5 Tip cleaning tiux it available {not necessary)
6. Tinning oil if available (not necessaryl
7. 60/40 solder
B.  Soldering iron holder

. 9. Safety glasses

B. Procedure

1. Put on satety glasses.

2. While the soldering iron is cool, and betore connecting it to the power receptacle,
inspect the tip.

{NOTE: Copper tips can be reshaped with a metal file)

3.  File the tip to a wedge shape without removing any more metal than is neces-
sary,

(NOTE; iron-clad tips should not need reshaping. It you have an iron-clad tip that
is in poor shape, ask your instructor it it should be filed or replaced. Normally
iron-clad tips are merely cleaned with a wire brush. Filing will shorten their usefui
lite. Gold plated tips are used for particular applications and are expensive. Goid
plated tips should never be tiled or bruched. Cleaning is usually accomplished
with a damp sponge once the tip is hot. Special cleaning fluxes are used by
industry for production fine tips. However. if the shank of the tip is carboned or
corroded, it can be brushed with the wire brush.)

4. Place soldering iron in holdern and conneet power cord to receptacle.
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JOB SHEET #1

Apply tinning oil, if available. to the hot tip.

(NOTE: Do not put the tip into the oil container, Remove a small amount of tin-
ning oit with a clean applicator or the tip of a clean screwdriver. Aliow adrop to
flow onto each surface of the hot tips wedge.)

Apply 60/40 solder to the tip's wedged surtfaces.

(CAUTION: Hot soider may drip from the tip. Allow it to drip onic the wet sponge.
It car. burn your skin or damage clothing.)

Wipe excess solder from the tip onto the wet sponge.

Disconnect the soldering iron from the receptacie, and place it in the holder to
cool,

(NOTE: After the iron has cooled. show it to your instructor)

Return equipment and materials to their proper storage area.

” e
o

. -
izt
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‘ . SHOP ORIENTATION AND SAFETY PRINCIPLES
UNIT |

JOB SHEET #2 — ADJUST WIRE STRIPPERS

A Equipment and materials needed
1.  Adjustable wire strippers
2. Variety of solid and stranded insulated conductors
3. Screwdriver or nut driver to tit adjustment screw
B. Procedure
1.  Loosen adjustment screw. (Figure 1

FIGURE 1

ARSI
LA ORI
A NNC

o 'y

B X0 )

¥ v \
S AN LS ‘Q_:\.‘

SRS _ Adjustment Screw

Stripping Slot

2. Insert conductor info stripping slot.

3. Close jaws until you feel that you have reached the conductor.
4.  Open jaws slightly.

5.  Slide adjustment screw down fo its resting position. (Figure 2)

FIGURE 2




JOB SHEET #2

6.  Strip off approximately “winch of insulation.
7. Check conductor for ring o1 nick. {Figure 3)

(NOTE: It nick occurs, locosen adjustment screw, readjust. and test again until
insulation is removed without conductor damage.)

FIGURE 3

8. Strip off approximately 9+ inch of insulation.

8. Check conductor for cut strands. (Figure 4)
(NOTE: Cutting of strands reduces the current carrying capability of the con-
ductor. Loosen adjustment screw, readjust. and test again until insulation is

removed without conductor damage.)

FIGURE 4

10.  Return equipment and materials to their proper storage area.

-J
o
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® SHOP ORIENTATION AND SAFETY PRINCIPLES
UNIT |

JOB SHEET #3 — STRIP AND TIN WIRES FOR
SOLDERED CONNECTIONS

A. Equipment and materials needed
1. Soldering iron {20-30w)
2.  60/40 rosin core solder {18 gauge)
3. Soldering iron holder
4.  Mechanical wire strippers
5  Two six-inch lengths of 22-gauge stranded wire
6. Acid brush
7.  Wire stripper

. 8. Damp sponge

9. Safety glasses

B. Procedure
1. Put on satetly glasses.
2. Plug sotdering iron into AC outlet.

3.  As soon as the tip is hot, tin the iron tip, remove excess solder with a damp
sponge.

4. Using mechanical wire strippers, strip about one inch of insulation from each
end of each wire length.

tn

Clean stripped wire ends with isopropy! alcohol and clean cloth.

6. Gently twist wire ends in direction of strand twist so thatl strands do not sepa-
rate.

7.  Place wire end on heated iron tip and apply selder until solder freely flows among
all wire strands: remove wire and solder.

B. Clean tinned wire using isopropyl alcohol and acid brush.




10.

11

12.

JOB SHEET #3

Check that excessive solder has not been applied (outline of all strands shouid
be visible through the solder) and that wire insulation shows no evidence of burn-
ing or wicking.

Repeat tinning operation.
Have your instructor check your work.

Return equipment and materials to their proper storage area.
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. SHOP ORIENTATION AND SAFETY PRINCIPLES
UNIT |

JOB SHEET #4 — SOLDER WIRES TO TURRET TERMINALS,
THEN DESOLDER WIRES

A, Equipment and materials needed
1. Soldering iron, with stand
2. Soldering vise, for hoiding the terminal board during soldering
3. Safety glasses or goggles
4. Wire strippers
5. Long nose or needle nose pliers
6. Rasin-core solder
7.  Isopropyi alcohol

' 8.  Acid brush

9. Bakelite* board with two turret terminals mounied on it approximately four
inches apart

10.  Two &-inch lergths of 22-gauge stranded wire. stripped and tinned in accordance
with Job Sheet #3

B. Procedure
1. Put on safety glasses.
2.  Secure Bakelite®” board in vise so that terminals are accessible for soldering.
3. Plug in soldering iron.
4.  Properly strip ends of wire.

5. Property tin wire.

"\T
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6. Using plicrs form end of one wire around lower quide slot of one turret terminal.
tEiaue 1)

FIGLIRE 1 &
Uppor

Guide Slot— - -~

Lower
Guide Slot — e

Insulation .
Clearance
{Approximately equal
to diameter of wirg)

(INOTE: Figure 1 shows the wire wrapped 180° around the turret terminal. If
desited. the wire may be wrapped 360° around the terminal to make a more
secure mechanical connection prior to soldering. However, this may require strip-
ping and tinning a longer length of the wire end,)

7. Using soldering iron and rosin-core solder, solder wire to terminal.

to Clean soldered conpection with isopropyi ~licohol and clean cloth or acid brush.

Y Check that soldemd connechion is cc

100 Sotter opposite ond of wire to lower guicy ot of second terminal in same man-
net  Breps 4 thooagh 9y,

YEo Buider second length of wire o upper guide slots of terminals in same manner
{Staps 4 through ),

12. Desnlder alt connectipns as ioltows:

a Appdy hot wan tip to terminal to melt solder, and pry wire off terminal.

i While stlf Lappiving hot son tin, remove solder with a brush or solder
sucher

c. Glean desoldeted termiral with isopropyl aicohol and clean cloth.

T Return equinment and materials te their proper storage area.

"~
e
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® SHOP ORIENTATION AND SAFETY PRINCIPLES
UNIT |

JOB SHEET #5 — SPLICE WIRES TOGETHER BY MEANS OF
SOLDERING AND CRIMPING

A. Equipment and materiais needed

1. Soldering iron (20-30 watts)

n

Crimping tool
3. 18 inches of #26 stranded wire

4. 24 inches of #20 wire

o

One splice lug for #20 wire

6. Two inches of shrink tubing for #26 wire

~

Heat gun

. 8. Electrical tape

Safety glasses

©w

10.  60/40 rosin-core solder (22-gaug::)
B. Procecure
1. Put on safety glasses.

2. Cut the #26 wire into three equal lengths.

w

Strip, clean, and tin one end of cach fength,

4. Cut the #20 wire into four equal Jenyths.

o

Strip, clean, and tin one end of each lengt!

6. Trim tinned ends of all wires 1o '/ inch iengih
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7. Splice tinned ends of che #20 wire and one #26 wire (Figure 1).
FIGURE 1

. no. 20 Wire
ao. 20 Wire Y -
, \<- :
e N e

QSR e ey S

a. Wrap smaller wire around larger wire.

i)

kwnm_s : wnx 1 3
SN, -
8 8 16

b. Bend wires back and soider full length of twist,

3

T ooda

/,,...‘. e ey

o : ;:?%?tr

o

]
.

C. Apply electrical tape over splice.
8. Install shrink tubing on one length of #26 wite.

9 Splice tinned ends of two fengths of #26 wire tinciuding the one with the tubing).
{Figure 2

FIGURE 2

Foven g

. N
v:;_} G S N

a. Twist wires together

b. Solder twisted ends
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c. Slide heat shrink tubing over splice

10.  Shrink the tubing by apglying heat across the length of the tubing, WITHOUT
TOUCHING THE TUBING.

11.  Continue applying heat until tubing fits snugly over the splice.

12.  Insert tinned ends of two lengths of #20 wire in opposite ends of crimping lug
{(Figure 3); make sure strands of both wires are visible in slot at center of fug.

13.  Using crimping tool, crimp both .'nds of lug.
14, Check that crimp is correct (Figure 3).
FIGURE 3

insert Tinned Wire } ‘) ) L*insert Tinned Wire
. Crimping Sleeve or Lug

Incorrect Crimp

1 Lo 2

S

e

’/,' - ~

-
Wire Strands not Visible Crimping Point

Correct Crimp
C1 QEHe 13
e ’K_ - ..
/ Crimping Points

Wire Strands Visible

15.  Return equipment and materiais to their proper storage area.
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. SHOP ORIENTATION AND SAFETY PRINCIPLES
UNIT |

JOB SHILT #6 — REPAIR A PRINTED CIRCUIT BOARD

A. Equipment and materials needed
1. Vise or clamp
2. Soldering iron (20-30 watts)
3. Solder wick
4. Safety glasses
5. isopropyl alcohol
6. 60/40 rosin-core solder (22-gauge)
7. Typewriter eraser
8. Acid brush
9.  Chain nose plers

. 10. Component lead cicaner

i1 Printed circuit board with two damaged resistors, and open conducting path. and
a broken or removed land

12, Two repiacement resistors
B. Procedure

1. Pul on satety glasses.

i

Plug in soldering iron and allow to heal.

3. Turn board so that the component side is down.

4. Place solder wick nexi to component lead to be removed

b Place soldering iron against the solder wick.

(NOTE: When solder begins to melt, it will flow into the wire of the solder wick.)

6.  Once all solder is removed from component iead and pad. remnove the soldering
iron and solder wick.

. Hepeat Steps 36 for other end of the component.

ey

L




10.

1t

12.

14.

15.
16.

17.

JOB SHEET #8

With solder removed tom the component Jead and pad the leads can be twisted
away trom the pad and the component remaoved.

Rermove grease and rosin from connections by means of isopropyl alcohol and
acid brushes.

Remoeve oxides from the tand by means ot the typewriter eraser,

Clean oxides from replacement component leads by means of component lead
cleaner.

Measure distance between component land connections and bend component
leads at right angles so that the leads will insert into the land eyelets.

Insert component leads into land holes so that component lies on upper surface
of board.

While helding component in place, tura board over and eit* or clinch, swage, or
clip component leads (Figure 1).

FIGURE 1

CLINCHED SWAGED  CLIPPED
LEAD LEAD LEAD

T‘llé ITHIY.

=. w PN
t Nl W L K4 N §
S S N T
o " Equal to or Greater Solder Fillet Completely
Land Than Lead Diameter  Around Lead

»

1
.

(NOTE: Clinching provides the best mechanical connection. The leads are
swaged or clipped when space limitations prevent clinching. If the leads are to
be chipped. it may be best to postpone the clipping operation until after the con-
nections have been soldered.)

Install bioards in clamp or vise.

Attach heat sink to component lead at each end of component.

Solder component lead 1o land at each connection. {(Figure 1)

o~
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18.  Replace second resistor by cutting oft damaged resistor and solder new resistor
to old component leads. (Figure 2)

FIGURE 2

Replacement
Component . .. T N

i S

‘ 1 ~ - PC Board

Solder 7« .

-

-

/

, Old Comnonent
vt em = L0000

19.  Bepair open in printed wiring by soldering a conductor bridge across the open
using one of the techniques. (Figure 3)

FIGURE 3 Solder
Fult Length

Sotder Conductor

Bridge Across ¢
- ', -
Open as Shown 1 L
"
P Conducte
- - n(z)u l.“‘ or Conductor
. T pen Bridoe
FURR & 1 DU . 3 it .
LR TS 2 PR
8
Printed
Wiring
R e SeiriEae, s zene—um » - Solder nsutated Wire

Jumiper Across Open

Insulated - . \
d on Conductor Side

Wire Jumper

iy of Board
!
; 0T
L
ook




JOB SHEET #6
N R
i !
b e
> . Design . ; 4
. , : Conducton Vo m \/
Sotder Insubsted Wire Jumgp Spatinig ¢
. - o rall : ’
Actoss Open on Component A ‘ } T4 -y e
Side of the Board P £} ;v-'?\
RN | 1 <3 )
X “’
) “ e . e s !
TUHEEY. -
16 0 5“”\‘ Printed
- Wiring
Irsulating ~. . Insulated
Buist: Wire Jumper

20.  Repair removed or lifted land. (Fiqure 4)

FIGURE 4 .

16

i,

b e

{ v z:rzr:rr:rn}?xtz;*;zrg

dhCSNP Fillet

Solder -~ :
Here Soldery’ ‘:“‘_L}"{,;n P (Optional)
L and Here E
043" Hole {Typ) - Removed N .
< N e e DS L and Lifted
( } Y : . R Xrow £ Ey i \
VP 904 v o o éﬁ”‘ii‘%’g}, ; or Torn

21.  Check all soldered connections for proper contiguration.

22.  Check that no solder has been spilled to cause possible shorts with adjacent
connections or wiring.

23.  Clean all soldered connections with isopiopy! alcohe! and acid brush,

24.  Return equipment and matenals {o their proper storage area,
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. SHOP ORIENTATION AND SAFETY PRINCIPLES
UNIT |
NAME .
TEST

1. Maltch the terms on the right with their correct definitions.
(NOTE Answers to questions a. through m. appear on this page))

a. Solution that cleans metals before or during 1. Rosin
soldering. or chemically acts o aid the

fusion process 2. Accident
S o} Plastic, tibergiass, or phenolic board upen 3. Galvanized
which copper strips interconnect between
mounted components 4, Fillet
.C Junction ot two or more metals fused with 5. Oxides
solder
6. lLand
.d Having a curved form which bulges inward
7. Solder joint
RO 1) Any unpianned even!, occurring suddenty,
which causes personal injury or damage to 8. Printad circuit board
property
9 Run
] Solderwelding two edges at right angles
10. Cone v
g Hawving a curved form which bulges outward b
11 ful
. h St of conductor on a printed circuit board
12. Coinvex
1. Surtace on which zinc has been deposited
by the process of hot dipping or electic 13 rFiux
plating
e A material obtained from pine tree

used during soldering to help ens
bond between the solder and the n
faces

k. Filrms and impurities which foim on the sur-
face of metals when exposed to air or water
and which, it not clearcd off, will preveit a
good bond between the surfaces and soider

. Printed wiring attached to the surface of a
printed circuit board

. Houn terminal connection point on a
printed circuit board where component lead
wires are attached




e

TEST

(NOTE: Answers to guestions n. through w. appear on this page)

The state of being free from danger per
sonal risk, or injury

Applying mechanical pressure to compress
a sleeve-type or cuptype electrical terminal
to ensure a good electrical connection
between the sleeve and the conducting
wires it contains

Flow of solder under the insuiation of cov-
ered wire

To unite {connect) two wires to form a con-
tinuous iength

Soft motal alloy of tin and lead used for plat-
ing or fusing meiails together

Plastic material {thermosetting resin) which
becomes permanently hardened when sub-
jected to heat, originally known as BRake-
lite. ; used for printed circuit board
constiuction

Removing insulation from eiectrical conduc-
tors

The ability of molten solder 1o flow over an
fuse completely with the metal surfaces to
which it is applied

The application of a small amount of solder
to surfaces 1o be soldered to help ensure
good wetting during soldering

Plastic insulating sieeve which shrinks in
diameter with the application of heat to
form a seal

14,
15
16.
17.
18.
19.
20.
21.
22.
23,

Wicking
Cumping
Splice

Shrink tubing
Phenolic board
Tinning
Werting

Solder
Stripping
Safety

List six hazards of working with electrical and electronic equipment.

a.

2 o

e e e e L(nie i AR e ae e wames e e e s et e m A
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. TEST

3. Complete the following list of statements concerning tacts about electrical shock by
inserting the word that best completes each statement.

a. is usually considered more dangerous than _

b. High _ tends to knock the victim away from the circuit mini.nizing
exposure time.

c. High tends to cause the body to adhere to the circuit so that the
victim cannot let go.

d. At about milliamperes the shock is severe enough to paralyze
muscies, but a person may be able to let go of the conductor.

4. Select true statements concerning reating a victim of electrical shock by placing an
*X" in the blanks preceding the true statements.

a. To safely remove the victim from contact with the source of electricity, turn
off the electricity by means of a switch or circuit breaker or cut cables or
wires by means of a wood handied axe or insulated cutiers.

b. Call for assistance as others in the area may be more knowledgeable than
. you about treating the victim.

C. Check victim's temperature.

. d Check victim's breathing and heartbeat; if heart has stopped administer
cardiopulmonary resuscitation whether you have been trained in the
proper technique or not.

—t Use blankets or coats to help keep victim as warm and comfortable & .
possible while waiting for help.

B £ Raise victim's head slightly above body level to help prevent shock.

—_—0 If victim has suffered burns, wrap burned area firmly with sterile gauze or
clean linen or towels.
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TEST

Match types of fires or the nghs aitn thop

RSB

[¢]

Fires that ocoar oy i
materals

deronpiaang

1

NN STRLN SR AN

Fires that ovcor i Barmematse e

Fires that occur o clec e ol ard e tionne

equipment

Fires that occur i combushble mietals

of tire extinquishers on the nafit with thoir uses

Flace foot on too! pump and ditect stream
at base of fire; use on class A tires unly

Direct discharge as close to fire as pousibie,
first at the edge of Hames, then graduaily
torward and upward; use for class Bor ciass

G fires.

Instead of spraying stream into th burpnyg
Hguich aliew foam 1ot lightly on the fire
use for class A or class B fires,

Direct at the base of the flames and aith 4
class A fire, follow up hy direatineg the dry
chemicaly at remaining madenal hat s
buming: use tor class Boor class G fines

Stand back ten teet. hold upright and direct

at the pase of hi, sweepng
sitde; use for clans C fnen

!
§

o sice 10

7.

1

v

Cliasa B3
Class C

(‘ ;:15."} 1.4

Carbon diexide
Halon

Pump rank,

Loy chomucal

Foam
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Lot on Do ettt e the tvpes and harards they designate.

Liardd o ooty oquipment which s
et tepaurod of s defective and

2oy A st atend

SEATI
Desnades Cout ot arder” o Tdetecs
e’

Apniant to ehsctronl Switches, intenor
corfares of goors, ases and electrical
oo boxes and movable guards and
pare

inhioates dangerous parts of equip-
micet which iy o, crush, shock, or
cthergdue physically Injure someone

Arpied fo tabie erdges, vise jaws, and
rdges b ot rests where extra tight
retlerpony inomportant

Moo partircatar designation except o
vels vhow ool and equipment moving
Dl tnore ety

appliod o nonhazardous part of
recbene and equipmeont surfaces. like
reney tatr s and bearing surfaces

Deswnites oo areas of equipment,
gt alen pned to show location of
Catery omppprrend and hirstard materi-

i

Appled o cperating levers, wheels.,
nansies, and heeardous parts that may
caust ctumbiing. falling. snaqgqing. or
T CIRTARTY

Yo rnades Cation

Appued 16 buttans or levers of electn-
cab switchey used for stopping
nachinory, s Yo gl eqnipment. such
s gosebne cans, which are tire haz-

ards

Dyevegnades foe b ads and fire-hight
g enpinent

P

. Green
Yellow
Orange
Red
Blue

vory
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B.

TEST

Select true staterments concerning general satety rulns by placing an “X" in the blan} s
preceding the true statements.

d.

——— e a—

M, -

m

Report any defective toals, test equipment, or other equipment to the lab
pariner

Do not move any satety devices {i.e. ground straps, switch covers, etc))
without the perrmussion of the instructor.

Do not operate or « nergize any circuit that could be hazardous without
first receiving instruction on how to do so safely.

Report all accidents to the instructor if an injury is severe.
Turn off power before leaving test equipment or circuits being worked o1

Do not use any solvent without first determining its properties, and how to
use it safely.

Keep the lat:oratory floor clean of scraps and litter.
Clean up .y spilled liquids before leaving class

Isolate line (power) voltages from ground by means of isolation transform-
ers.

Check all line {power) cords before using and if the insulation is brittle and/
or cracked, use and report to the instructor after class.

When measuring vollages with a meter and test probe. be careful not to
connect yourself to a voltage of any value.

When measuring voltages expected to be greater than 30 volts, turn off or
disconnect live circuit before connecting test cquipment, or follow manu-
facturer’s recommeanded procedures.

It is recommended that only equipment with a polarized (3-prong) plug be
used.

Carry sharp-edged or pointed tools in your pockets.
Do not indulge in horseplay or play practical joKes in any work area.

Wear safety goggles when instructor is watching.
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. TEST

9. identity the following types of hand tools and equipment by placing thew comedt names
in the appropriate blanks.
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TEST

b e i

Q. e
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TEST

Match hand tools and equipment on the right with their uses.

{NOTE: Answaers to guestions a. through m. appear on this page.)

a

— b

For inserting or removing in‘egrated circuits
without bending pins

For holding nuts or boit heads; tightening or
loosening nuts or bolts

For preventing electrical connections from
becoming shorted to adjacent conneclions

For removin . oxides and other films from
terminals to be solderad

For holding components; heat sink; and
shaping and forming small conductions

For cutting chassis metal and cutting bolts
or metal parts

For cutting wire and component {eads, and
stripping insulation from wire

For clamping and holding a printed circuit
board or other component during soldering
or other repair operations

For removing wire insulation by heating and
melting the materiai; prevents wire strands,
but cannot be used on insulation that wiil
not melt, such as glass braid or asbestos

For loosening small to medium size nuls
and bolts; holding and turning

For controlling soldering iron tip tempera-
ture

For cutting and pulling insulation from ends
of conductors

For supporting a hot soldering iron when
not in use

1.

10.

11.

12.

13.

Insertion or removat
tool

Hacksaw

Diagonal cutling pli-
ers

. Component lead
cleaner
Soldering vise
Combination slip
joint pliers
Mechanical wire strip-

pers

Shrink tubing

Adjustable power
source
Soldering iron stand

Nut drivers

Long nose chain pli-
ers

Thermal wire strip-
pers

BE-77
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12.

TEST

(NOTE. Answers {0 gueshions o iciah L oappeatl on s Page )

i) Forcamping soldenng connections, sutting MoLmeman’s side cut
Wt BREGDEI R s oeation frann wine shesr ting pliers
g holts {hread Gauges, g fength Qoges
fur stnpping 1h Hole saws and hole
punches
U Foo cutting heavier conguctorns and cables,
cuiting small screws, stnpping insulation 16 Hex and spline
from wires. and forning large conductors wrenches
.p For cutting hioles up 1o four inches in diamoe 17 Blectincian's  six-in-
tor punching round or sguare holes in medal one tool
Q Hemoving o tighienimg screws and boits 18 HMeat sink
! Foroiahtening ow loosaening  socket can 100 Screwdrivers

serews, tightemng or loosening |el screws
A0 Crimping tool
S For drawing hoat from soldered connection
1o prevent damage o components

. Formaking a strong mechanical connection
to cortiun Sloeve type terminals

Lelect true stidennents concermng factors 10 ronsider when selecting hand teols by
placing an "X n the blanks preceding the trie slalemnents,

i Toal cme chiould b matohed fo the work occasionally sneountered.
T o5 foaly should b msulation on hanites of Phes and screwdnvers,
BN ¢ Kiow the speaications alter purchasing a to.oi

Complete the following tist of statements COPLETHING ool Iaintenance procedures by
msertng the wordtst which best complelais) vach staterment.

a. . o Wori o dagnaged Hat bisde gorewdrivers,
b, e damaaed Phithpst serewrinver
C. Keen 0 siean and rast free
d. Keep cotting edaes sharp and
¢ Keep L working freely
2
LR |
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TEST
i Reparr o replace damaaed . on pliers,
(. Keep worm geats clean andd L encadjustable wrenchoes,

h, ldentity teols by dabehing wiht Gy vhectiae b vibrstor poen or

13, Match types of soldenng toals on the nait asth ther use:.

1,

A& 1010 36 watts - - For soldernng isolated ¢ler 1 Temperature  con-
tncal connecticns, ehminates  electical trofied
leakage and the nead for grounding
2 Sulderning pencil
b, 1010 36 walts - Far soldering small electy

cal connections 3 Soldenng qun
. o 100 watls - For soldening large electncal 4. I1SO-TIP
connections when better heat control 15
requited
L Fot soldering many connechions i close
space

14.  Select true statenientsrelated 1o solder and Hux by placing an - X7 in the blanks preced-
ing the true statements,

<) The most comimon type of selder w4060 josin core selder containing
40%« i and 60" jead

L. Solder tor electronic applications 1s available in bars, shoeets, wire spools
and special torms such as pellets, rings, andg washers,

G Wi solders in the range from 0.060" 1o G107 i diameter are commonly
used for hand soldering.

- d. Flux 1s a chemical agent used 1o iemove the thin Liims of oxide present on
the metal surfaces 10 be soldered.

oo Crganic (acids and bases) fluxes are the most uctive and highly corrosive
fluxes; they absarb moisture ftoro the atmosphiere and react strongly at
room temperature.

R Rosin is used almost exclusively for its nonconosive characternstics at
room temperature.

15, List three primary purposes for soldern i electtic al applicationy
a. . o e T, e e e e
b.



TEST

16.  Arrange in order the following safe soldering procedures by indicating the tirst step as
1. the second ag 2, and so on for each procedure.

——.. AL Prepare area to be soldered.

1Y Remove surface contaminanis and oxides.

2) Apply liguid flux to area to be soldered.

e D Seiect the soldering iron for a specific application.
— L L Place small amount of soider on tip of irun 1o aid heat transter.
— Prepare solderi 1g tip prior 10 use by a process termed tinning.
B Place tip of iron next to terminal area and lead.
1 Remove solder trom heat after it has flowed and formed a smooth contour

of solder around the lead and terminal pad.

ORI ¢ Aliow soidered area 1o cool.
-~
N o Remove contaminated {lux residue from soldered area. o
RS Place soide, on opposite side of the lead.
R ¥ Remove soldering iron.

17.  Distinguish betwsen types of connections by placing an *N” for no mechanical connec-
tion, @ "P" tor partial mechanical connection, and an “F" for tull mechanical connection
prior to soldering next to their specific types.

——, Wirerto-wire

SN ¢ 1 Wire-to-part

.C. Wire-to-turret or post

NURURR + B Wire-to-hole

C. Wire-to-cup or sleeve

1 Wire-10-hook

—- . Wire-to-tlatiug
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18.

19,

Select true statements concermng types of d
placing an "X in the blanks precoding the trues siatements

Complete the following chart of cleaners and lubineant:,

blanks.
Cleaners
S I — _

a. The desoldering bully s used o ameve oo e saqier frem the connec.
tion.
b. The solder sucker is used in the same monner s the desotdenng bulb

TEST

except that the suction is jroducesd bv a sphirg [eaded piston

. C. On the desoldering bulb, the hawd soider s drawn upanto the bulb by the
suction.
d. The solder wick 18 placed over terromal area and fead 1o be desoldered.
8 The solder wick is used tor desoidenna camponent feads.

ket

{3 I
Sisd gt Lo

¢

Kyt

Lubricant

yoconecty hilingg in the

Apphciton

B TR A R AN

adddennng tech daed thop troepsses by

i i 4
. \ ' ¥
4 o LN i
.
t ) - et ¥
. M A} -
" oo
¢ !
- vt A
t 1 The Al
£ 04 '
o )
L] IR 1
oy 3t H HE
» B R e
i ' Sy ¢ LRSI
N .
. »

Apphetion
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(NOTE: if the following activities have not beer accomplished prior to the test, ask your
mstructer when they should be completed.)

20.

Demonsttate the ahility tor

a

o)

Prepare a soldenng iron tip tor use. (Job Sheet 1

Adjust wite stiippers. (Joty Sheet #2)

Strip and tin wires for soldered connections. (Job Sheet #3)

Solder wires to turret terminals, then desolder wires. (Job Sheet #4)

Sphice wires together by means of solder ng and crimping (tiat cabie). {Job Sheet
#5

Repair a punted circunt board. (Job Sheet #6)
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. SHOP ORIENTATION AND SAFETY PRINCIPLES
UNIT |

ANSWERS TO TEST

1. a 13 ) 3 a. 16
¢ 8 § 1 I 21
C 7 K H 5. 18
d. 10 1. 6 1. 22
Q. 2 m. 11 'y 20
£, 4 n. 23 V. 19
g. 12 0. 15 W, 17
h 9 p. i4

2 a. Electrical shock
b. Electrical buins
C. Electrical tires
d. Injury from misuse of to0is
O. Chemical burns or poisoning
f Gas inhalation

3. a. *Current. voltage
b. Voltage

. . Current

d 10

4. a. beg

5 a 1
b. 2 .
C. 3
d. 4

8 a 3
b, 1
C. 5
d. 4
. Z

7.

M oQAT T oW
M) - DWW

8 becocetgiklimo

o
-
ec o




ANSWERS TO TEST

9 a Long nase chain pliers
b. Diagonai cutting pliers
c. Lineman’s side cutting pliers
d. Combination slip joint pliers
e. Flat blade screwdriver
f. Phillips® head screwdriver
g. Torx™ dviver
h, Pozidriv*
i. Hacksaw
j- Holesaw
k. Adjustable wire strippers
i Electrician's six-in-one tool
m. Adjustable wrench
n. Wrenches
o. Nut driver
D. Drill and drili bits
q. Wire gauge
r. Hemaostat clamp
S. Ballpeen hammey
8 Fiat file
u Half-round file
v. Precision file
w. Center punch
X Square hole punch
y Round hole punch
z. Mechanical wire strippers
aa. Thermal wire strippers
bb.  Scidering iron stand
cc.  Soldering vise
dd.  Solder sucker
es.  Crimping {00!
ff. Heat sink
gq. Component lead cleaner
hh.  Insertion tools

10 a 1 h. 5 e 14
ts. 11 i 13 p. 15
c. 8 i 6 Q. 19
d. 4 K. 9 r. 16
e. 12 1. 7 s. 18
f. ? m. 10 i 20
0. 3 n 17

11. b

12, a Reqrind €. Pliers
b. Discard f. Handle insuiation
C Pliers q. Lubricated
d Smooth h. Scratch awl

ERIC 106
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. ANSWERS TO TEST
12, a. 4
b. 2
o 3
d. 1
14 b od
15.  Any three of the following:
a. Makes connections with virtually no resistance to electrical current flow
b. Prevents corrosion of conductors, connections, and parts
C. Makes connections mechanically stronger
d. Seals containers 10 keep out dust and moisture
6. a. 3 f. 7
b, 1 G. 9
C. 4 h. 10
d. 2 I O
e. 5 i 8
7. A N
b. N
ol PF
d. N
. e, N
f. P
g. RF
1. b.c.d
19. & Ethyl aicoho!
b. Petroleum solvent
c. Isopropyl alcohot
d. Kerosene
Alkaline solvent
Trichlorethylene

Petroleum solvent
WD40 or 3-in-1 pil

7@ ~ o

20. Petfc.rmance skills evaluated to the satisfaction of the instructor

Q 10}.




INTRODUCTION TO DC
UNIT 1l

UNIT OBJECTIVE

After completion of this unit. the student should be able to determine resistance and capaci-
tance using the resistor color code, apply Ohm's law, and use a voitmeter and ammeter. Com-
petencies v:ill be demonstrated by correctly performing the procedures outlined in the
assignment and job sheets and by scoring a minimum of 85 percent on the unit test.

SPECIFIC OBJECTIVES

After completion of this unit, the student shouid be able to:

1.

2.

10.

11.

Match terms related to introduction to DC with their correct definitions.

Match common p2rameters used in electronics with their correct symbols and
units of measure.

Complete a chart of numerical decimal equivalents and powers of ten prefixes.
State the number which corresponds to the cosrect color in the resistor color code.
Determine resistance using the resistor color code.

Match basic circuit elements with their symbols.

List the two types of resistors.

Complete a list of meter ranges for analog and digital meters.

Match types of meter scales with their correct uses.

Arrange in crder the general steps used in preparing a multimeter for operation.

Distinguish between a voltmeter and ammeter.

BE-87



12,
13
14,
15,
16.
17.
18.
19.

21,

23.

24.

25,

27.

28.
29.

OBJECTIVE SHEET

Arrange in order the procedures for measuring voltage.

Select from a list procedures for measuring amperage.

Complete a list of procedures for measuring resistance.

Select true statements concerning amperage measurement characteristics.
Complete a list of voltage measurement characteristics.

State Ohm's law.

List three uses of Ohm's law.

Select true statements concerning magnetic propertios.

Discuss the use of the left-hand rule for conductors and coils.

Complete a list of statements concerning the method and effect of induction.
Match types of grounds with their correct descriptions.

Match static electricity controls with their cofrect uses.

Soive problems for an unknown voliage, amperage, and resistance. (Assignment
Sheet #1)

Calculate the resistance values from given color codes. (Assignment Sheet #2)
Read analog voltmeter scales. (Assignment Sheet #3)

Convert amperes to milliamps and microamps. {(Assignment Sheet #4)

Read analog ammeter indications. (Assignment Sheet #5)

Demonstrate the ability to:

a. Measure and compare current in a circuit at two different voltage levels.
(Job Sheet #1)

b. Wire a functional relay circuit. (Job Sheet #2)
C. Measure the veltage drop in a DC circuit. (Job Sheet #3)
d. Demonstrate that magnetic poles can attract and repel. (Job Sheet #4)

e. Construct a simple electromagnet and check its operation. (Job Sheet #5)

164
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. INTRODUCTION TO DC
UNIT 1l

SUGCGFSTED ACTIVITIES

A Obtamn additional materials andior invite resource people to class (o supplementitesn.
force information provided in this unit of instruchon,

(NOTE: This activity should be completed prior to the teaching of this unit.)

B3. Make: transparencies from the transparency masters included with this unit.
C. Provide students with objective shoeet.
D. Discuss unit and specific objectives.
E. Provide students with information and assignment sheets.
F Discuss information and assignment sheets,
{(NOTE: Use the transparencies to enhance the information as needead )
G. Provide students with job sheels.
H. Discuss and demonstrate the procedures outlined in the job sheets
. I Integrate the following activities throughout the feaching of this unit;

1 Help students memorize the color code for resistors using a mnemonic (memory)
device such as the follewing:

Bad Boys Race Our Young Girls. But Violet Generally Wins.
0 1 2 3 4 5 6 7 8 9
You or your students may wish to make up a device of your own. but it should be
ciressed to the students that they mast memorize this color code. and this is one
way 10 help.
2. Show student. examples of resistors and have them identity the various types.
3. Explain test lead connections to students.
4 Demonstrate the use of the left-hand wile for conductors and coils,

5. Show examples of static electricily controls and discuss their benefils.

6.  Meet individually with students to evaluate their progress through this unit of
instiuction, and indicate to them possible areas for improvement.

J Gave tost.

K. Evaluate tesi.

. L. Reteach if necessary.

104




INSTRUCTIONAL MATERIALS INCLUDED IN THIS UNIT

A Qbjective sheet

B Sugaested activities
¢ Information <heet
D Transparenoy mastery

1 TM 1 - Resistor Color Code

"3

™ 2 -- Analog Multimeter
3 TM 3~ Digital Multimeter
4 ™M 4 -- Correct Voltage Measurements
5  TMGS - Corect Amperage Measurements
b ™M 6 - Correct Resistance Measirements
7. TM7 - Magnetic Lines of Force
8 TM8 -- Induclion

3 Assignment sheets

1 Assignment Sheet #1- - Solve Problems For an Unknown Voltage. Amperage, and
Resistance

)

Assignment Sheet #2 - Calculate the Resistance Values From Given Color Codes
3. Assignment Sheet #3 -~ Read Anaiog Voltimeter Scales
4. Assmignment Sheet #4 - Convert Amperes to Milliamps and Microamps

5 Assignment Sheet #5 - Read Analog Ammeter Indications

F Answers to assigniment sheets
1 Job sheets
1. aob Sheet #1 -+ Measure and Compare Gunient in a Circuit at Two Different volt

age Levels
2. Job Sheet #2 - - Wire o Functional Relay Chicuit
3 Jdob Sheet 43 - Measure the Voltage Drop ina DC Crrout

4 Job Sheet #4 - Demonstrate That Magnetic Poles can Attract and Beped

105
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INSTRUCTIONAL MATERIALS INCLUDED IN THIS UNIT

b Job Sheet #5 - Construct o Simple tlecttomagnet and Check its Operation
Test
Answoers 1o tost

REFERENCES USED IN DEVELOPING THIS UNIT

(NOTE. The following is a list of references used in completing this unit)

Grob. Bernard. Busic Flectronics. New York: MeGraw-Hili Book Go.
Hall. Douglas V. Microprocessors and Digital Systems New York: McGraw-Hill, 1983,

Hertch, Clyde N. instruments and Measwrements for Electronics. New York: McGraw
Hili 1972

Horvath, T Statrie Elrmination Letchworth, England: Research Studies Pross, 1982,

New Mexico Vocational Industrial Safety Guide. Santy Fe, NM: New Mexico Stale
Department of Education

Roberison, L. Paul. Basic Flectronies § {Revised Edition). Stiltwater. OK: Mid- America
Vocational Curriculum Consartiurm, 1982,

Siebert, Leo N introduction to industnal Electucity Efectronics. Stillwater, OK Okla-
homia Guimculum and Instructional Matenals Center 1981,
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INTRODUCTION TO DC
UNIT 1

iNFORMATION SHEET

and definitions
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Range - Establishes the limits of a soue
Resistance — Opposition to current

Resolution -~ How well the instrument will indhicate a small ¢bange in the
measured value

Example: A precise, accurate. and sensitive mater mav respond by mov-
ing the meter hand he” for a sinall change in measured amper-
age. If the scale is marked only one division per inch, the mete
would still lack “resolution” since the operation could not deter-
mine what amount of current change this represents.

Sensitivity — How well an instrument responds to small measurements or
small changes in the value being measuisd

Short circuit -~ An abnormal connection of relatively low resistance
between two points of differing potential in a circuit

Siatic electricity — The storage ot electrical energy

{(NOTE: Static electricity in an uncontrolled environment can damage > e

electronic components. The human body can accumulate a static ciicuge

that is lethal to these sensitive components, By walking across the floor

(carpeted floors especially) and wearing ny'on or polyester clothing, the

human body can reach a 1015 KV potential. This potential can cause a .
spark of 10-100 amps and last 10-8 . 10-? seconds.)

The reciprocal of a number — One 1) cdivided by that number
example:  The reciprocal of 2 is ' (one divided by two) or .5

The reciprocal of 4 1s ' {one divided by four) or .25
Toierance — The acceptabie amount of variation from an indicated value
Variable — Changeable or capable of being changed

(NOTE: A resistor whose value can be changed is called a variable resistor
Or potentiometer.)

Volt — The unit of incasurement of electromative torce

(NOTE: One volt forces one ampere of current through one ohm of resist-
ance.)

Voltage - Electrical force or pressure that Gauses the How of electrical cur-
rent {electrons)

Voltage drop --- Difference in voltage measaied across a component in a
circuit




.

INFORMATION SHEET

Common parameters used in electronics

QUANTITY

Current
Charge
Power
Voitage drop
Voltage applied
Resistance
Reactance
Impedance
Conductance
Admittance
Susceptance
Capacitance
Inductance
Frequency
Period

—— e L

SYMBOL

|

P

lori
Qorq

P

Vory

O0Wm < o N X TITom

- r

i

f
|
i
1
i

S
1

Seconds (s)

Ampere (A)
Coulomb (C)
Watt (W)
Voit (V)

Volt (V)
Obhm ()
Ohm (1)
Ohm (§)
Siemens (8)
Siemens (5)
Siemens (S)
Farad (F)
Henry {H)
Hertz (Hz)

Numerical decimal equivalents and powers of ten prefixes

PO -

R
Giga
Mega
Kilo
Milli
Micro

Nano

UNIT PREFIX

I Micromicro or pico

Examples:

1

3

I

3
b et et
T

g.'..,.w_wm-. e 2 e = e s st e e

G
M
K

m

;o tGreek, o

it

o QU o

SYMBOL

MULTIPLIER

1.000.000,000 [10°)
1.000,000 {10']
1,000 [109
001107

000001 {10
.000000001 [10]

000000000001 {10}

UNIT (ACCEPTED ABBREVIATION)

watt resister could be represented as 250 mw

Pa—

—

- e—

A 220000 ohm resistor could be represented as 220K or .22M. A 25

BE-95
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iv. Resistor color code (Transporency
A Black - 0
B3 Brown i
C. Roegd - 2
i) Crange - 3
£ Yellow - 3
F, Green ~ 5
G. Blue 4
H. Vivlet - 7
| Gray - 8
J. White - o
K Golrt -
L. Sitvor - (1
INOTE: The followmg ofer to dnloranne band.)
M Goid - = 5.
N Sver - = 10
O No color -+ e 20

V. Determining resistance using the resistor color code (Transparency 1) {Assign-
ment Sheet 42)

A First color band iclosest (o endiis first significant digit -~ Use color code to
convert color to G number

Example:  # first band s red. this converis o a 2.

B Secont Lolor band s secand signiticant digit — Use color code to convert
color e a nurmber

Frample: 1 second tand is brown, this converts to a 1.

C. Thud color band is the multiplier -~ Use color code to convert color to a
number which s the exponent of 10 or the number of zeros o be added to
the significant numbers

Examples I thind band s orange. this converts to a 3- this is 10" or there
At 3 SeTos

b-.é
Bom
o
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D. Fourth color band is the tolerance

1. It band s gold, tolerance s +46v .

2. U band s siiver tolerance 1s =10V

3. It there 1s no band. tolerance 15 220 .

Example:  For aresistor with the tirst band red, second band brown, third
band orange and the fourth band one of the following then the
acceptable resistor measurement would range between:

i. aold - 19 000 and 21 000 ohms

2. Sitver - 18 000 and 22 000 ohms

3. No band - 16 000 and 24 000 ohms
t. Fifth color band

1 In muiitary applications the fifth band indicates the failure rate.

2. In precision resistors the fifth band indicates the tolerance and the
tirst, second. and third bands represent the significant digits with the
fuearth band as the muitiplicr.

Vi Basic circuit elements and their symbols

A Power sout.es

1. Battery

£
...:g"

2 Generator

ot G

| XPVY
LY
ko3

BE-97
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3E

(NOTE: All wires used in the electrical circuit provide a certain amount of
resistance to current. All the devices connected 1o the circuit to produce
light or heat offer resistance tc current flow. This is called load.)

3. Transtoimer

B. L oad

1. Resistor

a. Fixed
b. Resistor potentiometer
e ¢
C. Rheostat
S ]
2. Lamptdight
A

3. Loudspeaker
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C. Circuit switches
(NOTE: In the switch open position, current cannot flow through the circuit.
In the switch closed position, current can flow through the circuit. These
ore hand operated swiiches.)

1. Switch open

/N

2. Switch closed

—
3. Relay open
o
-
@ -
-
O
O—ma
4. Relay closed
O
.
-
o

(NOTE: The relay open and relay closed are electrically operated
swHch?s.)

D. Circuit conductors (wiies)

1. Conductor

r

brmrh
e
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2. Conductons conneaiod sonductors not connected

or

3. Conductors not connected Conductors connected

Vii.  Types of resistors
A Fixed

1. Carbon-compaosition resistors

Molded resistance
element

Tinned leads/
e Carbon-film resistor

Metal Hiim
Ceramic

End cap
Leads \.
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3. Wire-wound resisior

4, Film-element resistor

B.  Adjustable

. 1.  Carbon-composition potentiometer

2. Wirewound variabiv resistor

Slider
>
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[o%]

Wire-wound potentiometer

Vil.  Meter ranges tor analog and digital meters

(CAUTION: Proper meter connections must be established to avoid damage to
analog meters.)

A DC voltage ranges
1. Analog — 2.5, 10, 50. 250, 1000. and 5000 volts {Transparency 2)
(NOTE: The ranges given are for a Simpson 260. DC voltage measure-
z;gis sbove 1000 volts put the red lead into the 5000 volt DC termi-
2. Digital — 200mV, 2, 20, 200, and 1000 voiis {Transparency 3)
B. AC voltage ranges
1. Analog — 2.5, 10, 50. 250. 1000, and 5000 volts

(NGTE: AC voltage measurements above 1000 volts put the red lead
inte the 5000 AC 1erminal.)

2. Digital -~ 200mV, 2, 20, 200, and 750 volts

C. DC milliamps range
1. Analog -- TmA. 10mA, 50mA, 100mA, 500mA. and 10A
2. Dugital - 200A, 2mA, 20mA. 2A and 10A

(NOTE: For measurements greater than one ampere, plug the red
lead into the 10A terminal)

11§;
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o AC imdhiamps range
b Analog ~ ITmA. 10mA, 50mA, 100mA, 500mA, and 10A

(NOTY. For measwrements greater than one amp, plug the red lead
inte the 10A terminall)

2. Dhgital - 2004, 2mA, 20mA, 2A, and 1DA
(NOTE For measurements greater than one amp. plug the red lead
into the 10A termunal )
£ Ohm ranges

1 Analog - X1, X100, X1 000. and X1Q 000
2. Digital .- 0200, O-2K, 0-20K, O-200K. O-2 000K. and O-20M
Types of meter scales (ransparencies 2 and 3)
A, 2.5 volt AC scale -~ Used te do nonlinear indications below 2 volts
B DB scale -~ Used for power level measurements
C. Ohm’s scale - Used for resistance measurements. Zero readings will
always mndicate a short. Readings at the left most side of the scale indicate
infinite resistance or an open.
(NOTE: When using an analog meter the most accurate readings are
obtained when a range is chosen that provides an indication on the right-
hand portion of the scale)
D. DC scale ~ - Used for direct current/voltage measuremernits
E. AC scale - - Used for alternating current/voltage readings

General steps used in preparing a multimeter for operation (Transparencies 2
and 3

A Select function to be measured.
Exanples.  Volts, amps, miliamps, chms, megohms

B. Seleot the 1ange or anticipated linits of measurement required.
Examples: 500 mA., 20V. or x 1000

(NOTE: Same multimeter range switches al~o select certain functions.
{Transparency 2]

C. Connect 1est leads to proper test jacks.

[R—
LTSN
-
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.
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AL
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Vs v e Gk

Characteristics of meters

£ \'(‘??7?1“{{‘1
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Procedures for measuring amperage {Transparency 5

A
B.

x -

M.

Turn off power to circuit under 1ost.

Position meter 1o corntect scale.

Determine correct range

(NOTE: Use highest scale if amperage s unknown.)
Observing polarity. connect test feads to meter.

Connect meter in circuit 1o be tested. observing polarity and connecting in
series with the circui,

Turn on eguipment under test.
Observe meter reading.
Position range switch to correct scale for most accurate reading.
Determine correct amperage reading.

Turn oft power to equipment.

Disconnect meter

Reconnect circut.

Turn off meter.

Procedures for measuring resistance (Transparency )

A.

o o

m O

T

Turn off power to circunt under test.

(CAUTION: Be sure circuit is totally de-energized.)

Position meter to the correct function posttion.

Position meter range switch 10 one of the resistance scales.

Insert meter leads in correct meter jacks, observing polarity.

Isolate component 10 be checked.

Example.  Disconnect one end of component

Connect meter across component to be measured,

Determine conrect meter position closest to center scale or toward zero.
Perform zero ohms adjustment according to manufacturer’s manuai,
Reconnect meier to component.

Read meter for ohmic value.

Remove meter leads.

Tooaad,
‘n-b
-
2
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{ Tarn oft micter
M Reconnect compenent oot

Amperage measurement characteristics (direcily in series) (Transparency 5}

A Al cutrent panses through tha aranetos,
B3 TechmqQue s 1 ited fo sl measyreme s
C Alternating curront o direct current can be measuted

Voltage measurement characteristics (ditect parallel measurement} (Trins.
parenty 4)

A Voitmetsr probes connpect diroctly acioss torminals.
8. Techniques hmited 1o moderate AC or DC volinges,

Ohm’s law ~ The current (amperes) in an electric circui’ equals the electromotive
torce or poiential (volts) divided by the resistance {ohms)

Exumple

Eo= IR
L E
)
b
B o
i
Uses of Ohm's law (\:=ognmeny Shieer 24
A Caleulating v ettt g
Fxample:
-

T E A e

Fio= 10 volts I
o {\9 T I = amps

WGl i the 1esiotane s viatues GF 10 cessan o iy ey e 117

= £ = 0 volt = b
] J ampetes

[ STy

» o
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Pardiel ines gomg m the same direction repel cach other
Attract other fines going in the opposite direction
Exert tension along therr iengths, tending 1o sharten themselves

(INOTE: It the two poles of a magnet could move. the lines of torce
would eventually pull the two poles together)

Pass through all materials. both magnetic and nonmagnetic

Always enter or leave magnetic material at right angles to the sur-
tace

Tend 1o flow in paths of least opposition

Magnetic field

1.

2.

Area around magnet through which force lines How

Direction of tlow is always from north pole to south pole. except
internally

Magnetic flux

1.

>

3

Sum total of magnetic field torce lines flowing trom north poie to
south pole

Symbolt tor magoetic Hlux - Greek ietter phi (1)
Unit of flux - Maxwell: one maxwell (Mx) equals one ine of force

Exampie. I amagnetic tield contains 6 lines of force. the Hux of the
magnet is 6 maxwells, or ¢ = 6Mx

Flux density Number ot torce nnes per given area
i@ Symbol -- B

i Unit of tlux density — Gauss (G, one gauss (G) equals cne
force hine per square centimeter

C. In the magnetic field shown on the following page. total mag-
natic tyx (from point X to point Y)1s 8 lines of torce, or 8 max-
wells, exprossetd a6 @ = BMx,
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d. The Hlux Joensity (BY in Gne i v nhnete s (1 om et A
gauss, oxpressed as B o G
1 GM-'A.\.,\ X S

B = 4G

(NOTE: A typical one pound magnet smaht have g magnehic Has ot
5000 maxwells, and a flux density of 1000 Juuss

The use of the left-hand rule for conductors and coils
A. Left-hand rule for conductors

1. Grasp conductor with left hand as shown, rrakiey sure ihurnb s
pointing in duection of electron tiow in the conductor

2. Direction of magnetic field tiow s in ihe direction of the four fingers.
from large knuckles toward fingertips

Direction of Magneutic Field

o . Ql*_.w}_._.‘-..._‘ ¥

€

PR v,,__j _i‘:, JUNDEN U 4
Conductor quechon»cs?«_ ok
i Current Flow 1§

B. Lett-hand rule tor cosls
1. Grasp the coil with left hand as shown betow so that e dour bingers
(from knuckles to fingertips) pomnt o auectnn of elecuon How
through the coiled conductor.

2. The thumb now points foward the north pole of {he electromagnet.

(CAUTION: Do not wrap hand around an energized coil.)

L4
Wi

v -
i
-
-
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Method and effect of induction sThranaparency B

A Biothong
! [ SESE TR RO CUCTRNT RN ity o Detinrangent MGt
2 Do cet abow e B0 [ tobch Qe
B Fitecy
} Magnets el Bnes of foree Hlow threugh the ton har
20 Thewon bar beromes eleatromagnetized

Fode pofanty e eoveraed,

i B ot e near ety goie of magnet becomas south pole of
Vigsg
b Erud ot bar nesw south pole of magnet begomes north pole of
E'NU
X - Dirreaneny rannet attracts the gon bar

INGITE Thas constituteys more getion )
Types of groundgs

INOTE A et s et the qurcratizn Gf both pOsitive and niegative voltaqes.,)
_ a f

A Snrcalor oo qreund ;\173 « Vallage reference point or current return
R Parth qreoon o da oA e oo e thatas Luniod in the carth
< Chassis atound \—““, o Conmeterd 1o a metal chassis or suler

rabinetong oy

Eiatic vlectricily controls

A Vinst Straps, - Intogeate personneo! into arounding system
B Staol covera bench tans andd around cords, Gaove paralle! leakage paths
C, At enerers - Uhed toronge the i around an immediate work area where

electrostatin senuilee componenste e ased

T s d
*

LI
» -
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¢ Resistor Color Code

‘\Failure Rate

\ (Military)
Tolerance

Multiplier

e s & et re~e—— e Tl R o

First Se&ond -
Number | Number Multiplier | Tolerance

First Number/
Second Number

Failure

Rate per
7 1000 hrs.

e o

Color

USRI SO SOAR RS M S

Black o | 0 | 1] *20% | L5%
Brown 1 R 10, 1% | M1% |
Red 2 2 | 100] = 2% ; PO.1%
® orange | 3 | 3 | 1000] — |RO.0I%
Yellow 4 4 10000 — M_‘L_S 0.001%
Green 5 | 5 ] 100000 — 170.0001%
Blue 6 | 6 1000000} - i _ ]
Violet 7 | 7 _|10000000 | — 1 ]
Gray 8 | 8 T
White O 9 4 =
Gold - .= .01 = 5%
Silver wel e 001 | 2 10% |

No Color - — — + 20%

e ——— v A e - e e e e [ UNNEP USROS SIS N

™1
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¢ Analog Multimeter

Ohms
L1 Scale

L1 DC
Scale

~H 4 AC
' Scale

4

++ Pointer

' Meter
Zero
Adjust
. i
i o T
1 Simpson (\ ®
b -10A Output 50A +10A ! ]
| +DC S00mA - 100 mA Z‘éro Ohms | |
.| -DC I 25y 10 mA !
to Amps Lo
| | v “1mA " |{Ohms
I R x 1 TP Zero
J "R x 100 .|| Adjust
! - R x 100005000\,

@ O /

o ,_”_:_,-J J
i LTI LTI

‘ 'S:\l:r?tcctt;on Test Jack Range Swnch

l_') .
12¢ ™ 2
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® Digital Multimeter

127

TM3




Correct Voltage Measurements

-

Battery

+

A

Power
Supply 4.

BE-117

™M 4
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Correct Amperage Measurements

AMP

™5



Correct Resistance Measurements

+

Isolating Component by Removing One Lead

t oy .
I . i 6w

Isolating Component by Removing All Leads

EBE-121

™6
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Magnetic Lines of Force

o—— i Ge v Ge— i —

\\
~ ~
- o \\
\‘ \ )
// /}/'I
_,‘:/”
=
T
~ ™~ ~
NN N
N
- "/ //
— T
Unlike Poles Attract
/'___...-.--—n--—-—u—-_..‘ .____—--.——-._-.\

AT T T ITIe\N T T — e T .
/f/,/’: - NN 2 "-'-._'.-..-"':\‘\ ™\
{ ( (¥ " Y Yy
\\\1'\\ T /7

~—t T
/';;':E S.- Rl } ; 23
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i NN
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\\N‘

-

Like Poles Repel

1(;}1 ™ 7



Induction

. ma R s A——————

f
Magnetic Field

BE-125

Note Opposite North-South Poles
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INTRODUCTION TO DC

UNIT il

BE-127

ASSIGNMENT SHEET #1 — SOLVE PROBLEMS FOR AN UNKNOWN
VOLTAGE, AMPERAGE, AND RESISTANCE

Part A

Directions: Apply the appropriate tormula from Ohm's law 10 find the voltage in the following

problems.

Example: 2amps, 80ohms = _ _ __ . volts

Prol.lems:

10.

Amps
20A

4A

9.6A

5A

75A

2 x 10*A
1 x 10%A
8uA

2mA

1A

Answer: E = IR = 2A x 600 = 120 volts

Ohms

80

600

251

3¢

0.16Q

5 x 0%
10 x 10°Q
MU

2K

14

| SN
- -
”~

Volts

S s Asamamvan ma e
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ASSIGNMENT SHEET #1 .

Part B
Drrections ABEn the g propnahe o e Do the enperage o the foteeang problems

. ™ EE R LR U
E‘xz?ﬂy“(‘. R O R ST TN AL R o L

Protivmmy,

Volis Ohims Amps

1 ey 100

< Ty 110
A LAY A

A4 140 o

LN ‘\.5\; 'y ) )

{, ?‘;,\\: 't" PN

/ oo oy 1 .
3 VRS BN R YT

i ':\ ?‘\y‘.! i, % “U\'»' 1 ]
i) 1oy PUE g e

O

ERIC

Aruitoxt provided by Eic:



Part C

ASSIGNMENT SHEET #1

Drections: Apply the approprate formula to hind resistance.

Example

Problems:

53

L

5

g

10,

440 volts, 10 ampy =

Answer. H o= k1

Volts

240V

4V

2V

230V

24V

Y

12V

TRV

P 10V

dH x 1Y

QTS

=340V 10A = 44 ohms

Amps
4A

9.0A

A
N5 x 10A

5 % 10 A

BE-129
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' INTRODUCTION TO DC
UNIT Il

ASSIGNMENT SHEET #2 — CALCULATE THE RESISTANCE VALUES
FROM GIVEN COLOR CODES

1. Compute the value of the following resistors

= ___ohmsor. . _ ___K@

“t71c

i g

) .\
gray red black = . .. ohms

gl 11 -

NN
yellow violet orange - ohmsor K@

.

i

[ Y
r@d red red silver

= ___._ohmsor _ _.._. K
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ASSIGNMENT SHEET #2

i\
ed 1ed  bhue
= ._...o0hmsor,
1.
—
brown brown gold
= ____.ohms
q.
VO
yellow violet green
= _ ... ..ohmsor_
or. ..M
h
viglet brown
red ‘ ] go'd
} ?
= -
‘ = o.....ohms
tolerance =
IA .
red  violet
gray stiver
= _.____ohmsor _
brown tolerance =

~ =Ko

%%
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ASSIGNMENT SHEET #2

orange orange

a3
wed = .. .. ohmsor__ _____KQ
tolerance = . T¢
k.
blue gold
green gold
e
= ___._.ohms
orange tolerance = . _ %%
The minimum value you would expect resistor "d”" to have is . .
ohms and the maximum vaiue you would expect is . _ . ohms
{assuming that it is within tolerance).
Refer to the resistors above and answer the following questions.
a. It the circuit voltage is constant, which resistor would pass the greatest
current?
b. If the circuit voltage is constant, which resistor would pass the least cur-
iont?
c. What 1s the largest value resisior “g” can have and stilt be within toler-
ance?

The tifth color band in resistors *1 and "k” represents resistor _



8E-136

INTRODUCTION TO DC
UNIT i

ASSIGNMENT SHEET #3 — READ ANALOG VOLTMETER SCALES

Directions: Write down the voltage reading mdicated by the scales.

10 15 ; ey "{;“ .
© LA : i “y. <0 W Vo 4. s
Q \.\& A6 RN O N gAY L, e Ty
\:;" Q’ 8 . :'4 \ .\Q x{‘:c)/\i
o C VOI TS 7 N DC VOLTS .
{
AN v
/ {%‘d“w ' Range
o) - o
ey .
W Searivh
\\fE’\N v ~.. ) g ~uV
OOV
. ooy
1 ;2
a3\ | iy
L i 1 ;
\\ . l.‘\ ."} f;
. ;
3 DC VOLTS
4
- : e R ERN
& i " -
000 ,
Range ooy ;o Baage
T (.
Switch / | Seertets S
3. . 4
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. INTRODUCTION TO DC
UNIT 1l

ASSIGNMENT SHEET #4 — CONVERT AMPERES 7O MILLIAMPS
AND MICROANMPS

1. Convert the following amps to milliamps.

a 1A= . MA d. 3654A = e .. DA
b. 2A= — . MA e 0214A = . _ mA
c. 3A= e MA f. O036A = __ . mA
2. Convert the following A to micrcamps.
a. 1A= . A d 25A = e o WA
b. 2A = e WA e. .00037A = e e HA
c. 3A= —— . KA . 0GO002BA = . ... uA
. 3. Convert the following mA to amps.
a. 4000 mA = Y - d. 257mA = . A
b. 5000 mA = . A e 0293mA = __ A
¢. 6,000 mA = e A t2635mA = A
4.  Convert the following microamps to amps.
a. 3500 uA = e A g. 2360000 uA = A
L. 4500 A = ——— A e 003 A = e A
c. 5500 uA = e A b 3%A = A

5. Converl as indicated.

a. 3BmA = 7Y -\ d. D035A = . WA
b. 63bxA = . MA e 24bmA = _ . _A
c. 258A = . A f. 293uA = A
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® INTRODUCTION TO DC
UNIT Il

ASSIGNMENT SHEET #5 — READ ANALOG AMMETER INDICATIONS

Directions: Write down the current reading for each of the ammeter indications,

A ti .
7y
K\ Ol
q - ¥
X
“a 7
D s
100 MA 100 MA

BOO MA -5 g 100N cU0 MA 10 MA
{ ;
hUl u;\41 LA 50 UAX W1 MA
. HANGL HANGE

1 . . 2. e e e
20 30
A £
\(\ o e ke Mt Yy
l‘} » - \\l} - P‘\— +\\\ é}(f
A . <
AN
i\ o 7 ¥
V< Soy \/’OO
DG .
100 MA 100 MA
500 MA@ 10O A 600 MA? 10 MA
50 UA * 1 na 50 UA TR 1 MA
HANGE fIANGE
3. 4
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. INTRODUCTION TO DC
UNIT i

ANSWERS O ASSIGNMENT SHEETS

Assignment Sheet #1

Part A
1. 120V 6. 10V
2. 240V 7. 00t or10°V
3. 28V 8. 8V
4. 15V 9. av
5 1V 10, WV
Part B
1. 20A 6 12A
' 2. 10A 7. 5 x 10% or 0.000005 or 5 uA
3. 22A 8. 500 x 10% or 0.5 or 5mA
4. 4A 9. 4 x10-%o0r.004 4mA
5 3A 10. 2 x 10 or 0.002 or 2mA
Part C
1. 60Q t 12K or 12,000
2. 254 7. 4M or 4,000,000 ¢
3 244 8. 200K or 200.000 @
4. 460 9. 2 x i0% or 2,000.000 ©
5 3u 10. 500K or 500,000 @

Assignment Sheet #2
1. a. 22000 chms or22 K Q
b. 82 ohms

. o 47 000 ohms or 47 K @

*avendh
>

L

-
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ANSWERS TO ASSIGNMENT SHEETS

d. 2200 ohms o1 2.2 K Q

e 6200 ohms or 6.2 K

f. 1.7 ohms

Q. 4.700.000 ohms or 4700 KQ or4.7 M ¢

h. 270 ohms, tolerance £ 5%

i 8200000 ohms or 8.2 M @ tolerance + %
i 13.000 ohms or 13 K {1, tolerance = 5%
k. 5.6 ohms, tolerance 5%

2. 1980 ohms minimum {2200 - 220) ohms maximum (2200 > 109%)

3 a t
b. g
C. 5.64 megohms (4.7 megohms = 20%. = 4.7 + .84 = 564 megohms)

4.  Reliability .

Assignment Sheet #3

1. 3V

2. BV

3. 125V
4. 20v

Assignment Sheet #4

i. a 1.000 d. 3.654.000
b. 2,000 e. 214
c 3.000 i. 3.6

< a. 1.000.000 d. 2.500.000
b. 2.000,000 e. 370
C. 3.000.000 f. 28

3 a 4 d. 02657
b. 5 e. 0000293
C. 6 f. 2635




BE-143

. ANSWERS TO ASSIGNMENT SHEETS
4. a. 0035 d. 236
b.  .0045 e.  .0D000D003
c. 0055 f.  .0000039
5. a 350 d. 3500
b. 635 e.  .00245
c. 2500 f.  .00000293

Assignment Sheet #5

1. 5mA
2. 100 mA
3. B8mA
4. 25,A
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INTRODUCTION TO DC
UNIT Il

JOB SHEET #1 -— MEASURE AND COMPARE CURRENT IN A CIRCUIT

AT TWO DIFFERENT VOLTAGE LEVELS

A, Equipment and materials needed

1.
2.
3.

DC ammeter (or multimeter)
Battery

Load (lamp or other resistance)

B. Procedure

1.

N U s W

Connect the circuit as shown below: set DC power source at 1.5 vdc.
r ﬁ‘ A )—-—-
i R,
'{ Load

Calcuiate and record the current in the circuit._ —_—

Battery ————»

Measure and record the current in the circuit amperage. _ ___
Increase power source to 3 vdc.
Calculate and record the current in the circust. _ . o

Measure and record the current.

Compare current measurements to calculated values. and current measure-
ments at the different voltage settings.

(NOTE: the following questions may be used for discussion:

Were the calculated values equal to the measured current?_

Is there more current at 1.5 vdc or at 3 vdc power source?

With the same load. what happens to the current in a circuit when you change
the voltage applied to the circuit?

What happens if the polarity of the power source is reversed?

it a lamp was used as the load, did (or would) the lamp glow brighter when the
voltage was increased? Why?)

Return equipment and materials 1o their proper storage area.
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. INTRODUCTION TO DC
UNIT JI

JOB SHEET #2 — WIRE A FUNCTIONAL RELAY CIRCUIT

A. Eqinpment and materials needed
1. Low voltage DPST relay
2.  SPST swiich
3. 120 VAC power supply
4. 12 VDC power supply
5. Two 120 VAC tamps
6. Two lamp sockets

7. Test leads

B. Procedure
. 1. Complete the tigure below to satisfy the following conditions.
a. Lamp A “on” and Lamp B “oft” with the switch in the “off” position
b. Lamp A “off" and Lamp B “on" with the swiich in the “on" position

INPUT #2
. Lamp Ltamp
High VoRage A p B
120 VAC

)——-o0

INPUT #1 }

; Ot ‘
Low Voltage O—-O/ On o O
o—0

: 12 DC O SPST
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JOB SHEET #2

2. Wire the circuit, but do not connect 1o the 120 VAC source.

3. With the 12V power supply disconnected. adjust the power supply autput to
match the specified relay voltage.

(NOTE: Have the instructor inspect the circuit)

4.  Connect the relay coil to the low voitage power supply, and test the relay for
proper operation.

5. Connect the circuit 1o 120 VAC,

(NOTE: Have the instructor inspect the circuit.)
6. Test for proper operation in accordance with Step 1.
7. Check your results with the instructor.

8.  Return equipment and rnaterials to their proper storage area.
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. INTRODUCTION TO DC
UNIT Il

JOB SHEET #3 — MEASURE THE VOLTAGE DROP IN A DC CIRCUIT

A, Toois and equipment needed
1. Voltmeter
2. Battery
3. Lamp or load
4. Switch
B. Procedu

1. Connect the circuit as shown below.

g
® L ®

2. Close the switch.
3. Connect the voltmeter across the power supply and adjust for 1.5 voits.

4.  Read and record the voltmeter indication.

5. Connect the voltmeter across the lamp or load.

6. Read and record the voltmeter indication.

7. With the switch still closed, measure and record the voltage across the switch.

8. With the voltmeter still connected {o the switch, open the switch.
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JOB SHEET #3 .

9. Read and record the voltmeter indication with the switchopen. . __.
(NOTE: Discuss the following in class:
a. The measurement across the load and across the source
b. The voltmeter reading across the closed swilch

C. The difference of potential across the load and whether or nol the voltage
drop occurs across the load or the wire

d. The voltage recding across the open switch.)

10.  Return equipment and materials to their proper storage area.

154 .
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UNIT |

JOB SHEET #4 — DEMONSTRATE THAT MAGNETIC POLES CAN

ATTRACT AND REPEL

A, Equipment and materials needed

1. Two magnets

2.  Piece of flat glass (approximately 8" x 107
(NOTE: Clear lucite can be used)

3. Small piece of iron

4. Small piece ot brass

5. Shaker of iron filings

B. Proceaure

1. Place one magnet on a smooth surface.

2. Bring the north pole of the other magnet close to the narth pole of the tirst one.

3. Describe the action of the magnets: . . .. . . e

4. Repeat steps 1 and 2. but bring the north pole of one magnet ciose to the south
pole of the other,
Describe the action of the magnels: .. .. ... e o

5. Place the magnets under the glass with unitke poles opposite, but not touening.
cach other.

6. Sprinkle iron filing over the glass and sketch the resulling patiemm.

7. Lift the giass and replace the iron filings into the shaker.

8. Place the magnets under the glass with /ike poles opposite, but not 1euching.
each other.

9.  Sprinkie iron filings over the glass and skeich the resulting patierm.

(CAUTION: Wash hands thoroughly to remave iron filings. Do r ot rub eyes.)

~

o
te &
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10.
11.

12.

13.

14.

15.

16.

JOB SHEET #4

Repiace the filings into the shaker.
Place one magnet under the glass.

On one end of the glass, place the small piece of iron close to the pole of the
magnet but not directly over the pole.

On the other end in a similar position, place the small piece of brass close to the
other pole of the magnet,

Sprinkle iron filings on the glass, brass. and iron pieces.

Sketch the resuliing pattern.

{NOTE: The following questions may be used for discussion:

a. Expiain the reactions of the magnets in Steps 1, 2, and 4.

b Explain how the sketches of like poles and ot unlike poles show that there
are forces of repulsion and attraction.

o What happened to the lines of force as they passed through the smali
piece vl iron? What happened as they passed through the small piece of
brass? Do the lines of force also pass through the glass? Explain your
sketch made in Step 15.)

Return equipment and materials 1o their proper slorage area.
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. INTRODUCTION TO DC
UNIT I}

JOB SHEET #5 — CONSTRUCT A SIiMPLE ELECTROMAGNET
AND CHECK ITS GPiZRATION

A Equipment and materials needed
1. 1.5-volt baitery
(CAUTION: Use no more than 1.5 volts.)
2. 4 feet hook-up wire {insulated)
3. Ya”iron boit, 3” long
4. Compass
5. Paper clips
B. Procedure

1. Start at one end of the hook-up wire and wrap all of the wire around the bolt, ieav-
ing approximateiy 8 inches on both ends so you can hook your coil to the battery.

2. Before ~onnecting the coil to the battery, check to see that the iron bolt is not a
magnet.

{(NOTE: Do this by bringing thae compass within 4 inches of each end of the bolt
and observe little or no chinge in the compass needle.)

3. Connect the coil to the battery,.

4.  Bring the compass within 4 incher of the bolt ends and observe the needle indi-
cations for north and south poles.

5. See if the bolt will pick up the paper clips.
(NOTE: Try both ends of the boit.)
6. Disconnert the coil from the oattery.
7. Carefully remove the bolt Irying to keep the coll 1in its same shape.
8.  Reconnect the coil to the battery.

9. Check for polarity and magnetism with your compass by bringing it close to the

. coil ends.

17 9

-& l.;if
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JOB SHEET #5 .

10, See it the coil will attract a paper ctip
{(NOTE: Try both ends of the caii
11. Disconnect the battery,

(NOTE: The following questions may te used tor dhsciason:

a. Is the left-hand rule for coils confirmed by your observations in Step 37
b. Explain why both ends of the eiectromagnet with the boit in position will

pick up the paper clips.

C. Why was the coil weaker without the bolt? Explain why the polarity
observed with the compass was the same with or without the bolt))

12.  Return equipment and materials 10 thew proper storage area.




1. Match the tenms on the nght with thenr correct definitions.,

INTRODUCTION TO BC
UNIT I

NAME .

TEST

{NOTL: Answers to questions a.-0. appear on this page.)

4.

N N

.

AL

Q.

Elecirical torce or pressure that causes the
flow of electrical current (electrons)

The unit ol measurement of electromotive
force

Ditference in voltage measured across a
component in a circuit

An abnormal connection of relatively jow
resistance between two points of ditfering
potential in a circuit

Total voltage supplied to a circuit; also
referred to as supply voltage or sowce volt-
aqe

One {1 divided by that number
Changeable or capable of being changed

A specitied element or _ um_zdiuo_n whit:h
determines the value of circuit vanabies

The storage of electrical energy

4 property of certain materials which exer!s
a mechanical force on other matenals and
v.hich can cause induced voltages in con-
duztors when relative movement is present

An object which will attract iron, nickel, of
cobalt and wilt produce an oxternal mac
netic field

The area around g magnet through which
ih2 hines of force flow

A core of soft iron that is temporatily mag
netized by sending current through a coil of
wire- yound around the cote

How nea the mstrumen? reading 15 1o the
actual valor

Bavie unit of elestne wurrent

BN

o

©w B N @

Static electricity
Ampere

Short circuit
Variable

Volt

Magnetic tield
Parameter
Magneiism
Electromagnet
Accuracy
Magnet
Appiied voltage

The reciprocal of a

number

. Voltage

Voltage drop
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TEST

INOTE: Answers to questions p.-aa. appear on this page.)

. P

LW

Loidiy,

How well an insttument responds to small
measurements or small changes in the
value being measured

How well the instrument will indicate a
small change in the measured value

How far the measurement is from the actual
value

Technique of testing and adjusting an
instrument by referencing it to another
instrument or device of known accuracy and
precision

Instrument capable of measuring a “multi-
pie” of values

Tatal resistance offered by a device; is nor-
mally associated with the power source

Common return to earth for AC power lines;
chassis ground in electronic equipment is
the common return to one side of the inter-
nal power supply

Unit of measure tor resistance
Ustabhishes the limils of a scale
Opposition to current

The acceptable amount of vanation from an
indicated value

The electromotive force developed between
two  pomts hat moves electric current
through a toad that is connected across a
SQuUree

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

27.

Tolerance

Ohms

Intarnal resistance
Sensitivity

Range

Resolution
Multimeter
Potential difference
Resistance

Error

Calibration

Ground




TEST

Match common parameters used in electronics on the tight with their correc: symbols
and units of measure.

SYMBOL UNIT (ACCEPTED ABBREVIATION)

IR - lori Ampere(A) 1. Frequency
b Qorq Coulomb {3 2. Susceptance
S - P Wwatt (W) 3. Power
R ¢ Vory Volt (V) 4. Capacitance
R - E Volt (V) 5. Impedance
R A R Ohm () 6. Admittance
Y ¢ X Ohm () 7. Period
h. z Ohm { 8. Reactance

I A G Siemens (S) 9. Current
I Y Siemens (5) 10. Inductance
— _k B Siemens (S) 11. Resistance

O C Farard {(F) 12. Voliage drop
ML Henry (M) 13. Conductance
S f He 1z {H2) 14. Charge
—— D, T Seconds (s} 15. Voltage applier!

Complete the following chart of numernical decimal equivalents and powers of ten pre-
fixes by correctly filling in the blanks.

| UNTPRERX | T SYMBOL | CMUTIPLIER T
a | G ; 1.000.000,000 [10%)
Mega ’ b z 1.000.000 {10%]
Co } K E 1.000 [10%]
Milli n E d. . .. ... . 109
N o (Greek, 1) ; DONEO1 [10%]
Nano | [ : 000000001 {10
Micromicroorg. _ . . . 1 s OF f 000060000001 {1017

94‘

BE.-*57



158

TEST .

4. State the number which Cormsponds 10 the torrect Colon b e remston color code

a. White —  __
b. Green — _
C. Yellow —
d. Brown -- _
e. Gray — __ ..
f. Blue — ____
g. Violet —
h. Orange — __ .. .
i. Black -~ _
i Red — __._ ...
K. Gold — __ .

1. Sitver — _

- —— e e

(NOTE: The following reter to 1oforinay
m. Silver —
n. Goid — _

0. No color -

5. Determine resistance using the resictor coier ooy SN LR R S M UTIES SESTE 2o

green gl
Orangge

brown

e

>
j‘ )
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o TEST

6. Match basic circuit elements on the nght with their symbois

(NOTE: Answers to questions a.-d. appedt on this page

a. Power sources 1. Lamp
RS <. Retay closed
"l’_‘_j__ 3. Conductor
— 4. Baltery
—_ 5 Transformer
-7

6. Resistor

7. Switch open

|
i
!
LS
4

& Conductors con-
nected

or 9 Loudspeaker

‘ 10 Generator

11 Conductors not con-
.23 riese gl

12 Helay open

g 135 Switeh closed
O

b. Load

4

e~~~ L3

> el
-
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TEST

—2)

—_—3)

BN

Circuit switches

"

Yo/
——)

S
—3)

o] o
Il a aa
AL

i
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TEST

)

d. Circuit conductors (wires)

1

&}

8
[

List the two types of resistors.
a.

b.

-,

BE-161



162
TEST
8. omplete the toltowing list of meter ranges fon atidog and dustad meters by air
chng the word which best completes cach hut ot mieter tanges.
a (DC. AC) voltage ranqes
T Analony - 250100 /00 2B 000, and A000 volts
S Dignal - 200V, 2, 20, 200 and 2000 volis
b {DC, AC) voltage ranges
N Analog - 2450100 500 250, 1000, and 5000 vote.
2y Dt - 200mV 20200 200, and 800 volts
o {DC. AC milnamps range
B Anatog -~ 1mA ImA SDmAL 100MA S00mA, and 10A
2y Digitat 200A 2mA 2mAL A g 10A
¢} (DC, AC) muthamps angs
N Andlog - TMA T0mA S AL T unAL SOMA and 10OA .
2y Degetad - 200A0 Den AL S AL A e 104
€, {Milliohm, Ohm ranqges,
BOARRIGG - okt x I00) W and x HGLON
2 Dugital D200, PR 0 2080 200K, 0 ZODGK. and O 20M
9 Mateh types of ineter sealen cn the Bght with their onect uoes,
s Unedd o o aenhnesr madieatens. bolow 9 YO secade
vinife,
S DB soale
1 Uned for powor feve! easasurer ngs,
3 0Ohim's seale
NS sed o resistanoe measuremenst. Seto
reardings will stways indicoste g shaort Heprd. 40 hovadt AC scale
inas at the lef! most side of the seale g
Cate infinte resstanee or an open hOAG veale
s Used for duoect oo N artEe rraepere
Ments
¢ Used for alternating cutnest ot atd
g
1
* t Ed "v
O

ERIC

Aruitoxt provided by Eic:



ERIC

Aruitoxt provided by Eic:

TEST

Arrange yn order the general steps used i rrepanng o muatimeter tor operation by ingdi-
cating the fust step as 1. the secend step au 2. ard oo on for cach step.

L.oAa. Connect test lomds 10 Propes 1est Jurke.
h. Make noecessary meter adinsfoments
C. Select the range or antispaled bt of msasuiement reqused.
d. Seiect tunchion 1o Yo measuied

Distinguish between a voltmeter ardd at ammeter by placing 3 "V next to the character-
ishes of a voltmeter

) Low esmstance to current thow
b. Range an be increased by adding 4 ones iesistangee
U 4 Measutes, across the oot o desvy o
i Range can be increased by adding o paraiie!l whant resistance
PR High resistancoe 10 current How
i Measures in senes with the ofoan! o Jdevice

Arrange i order the procedures for measuring voltage by modicating the irst step as b,
the second steps as 20 and S0 on b cach prosednrs

a Setmeter oo doves seabe ab winehot el nogester
b Turn o meter
A Obcerang podanty conne et s e oaga 16 ameder
oo Obuevang podanty, conneat meler bads 10 Caont 1o e tested,
s Position motey e ceroct don o
t Fuooasd oot vt
3 a. Do foime COneot 1anae ai e die
_ h. Disconiees s raeder Jeard,
Pt
. i v
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TEST .

13.  Select from the following list procedures for measuring amperage hy placing an "X" in
the blank preceding each correct procedure.

—— A Turn on power to circuit under test.

— b Position meter 1o correct scale.

— T Observing polarity, conpect test leads 1o circuit.

SR » B Connect meter in circuit 1o be tested. observing polarity and connecting in

series with the circuit.
e €. Observe meter reading.
— 1 Position range switch to correct scale for most accurate reading.

14.  Complete the foilowing list of procedures tor measuring resistance by inserting the
word(s) which best complete(s) each statement.

a. Tumn ____  _____ power to circuit under fest.

b. Position meter 1o the correct function position.

o Position meter range switchiooneofthe . .. scales.

d. insert meter leads in comect meter . _ _________ _. observing polarity.
e. e e COmMponent {0 be checked.

{. Connect meter across component to be measured.

. Determine correct meter position closestto . . __ or toward zero.
h. Perform zero ohms adjustment according to manufacturer's ranual.

i Reconnect meter to component.

J- Read meterfor __ .. . _ _._ value

k. Remove meter leads.

1. Turn ott meter,

m. Reconnect component in cirtunt.

ot 4,
-
-




15.

16.

17.

18.

19.

3E-165

TEST

Select true statements concerning amperage measurement characteristics by placing
an X" in the blanks preceding the true statements.

a. All current passes through the ammeter.
SO + X Technique is limited to {arge measurements.
——C. Alternating current or direct current can be measured.

Complete the following list of voltage measurement characteristics by inserting the
word(s) which best complete(s) each statement.

a. Voltmeter probes connect across terminais.

b, Technique is limited to e —_. AC or DC voltages.

State Ohm's law.

List three uses of Ohm's law.
a.

b.

C.

e e

Select true statements concerning magnetic properties by placing an “X" in the blanks
preceding the true statements.

a. Magnetic lines of force

1) Are continuous and form compieie 100ps

—_...2) Cross each other

3) Cause like poles {north-north, south-scuth} to attract each other

-4 Cause unlike poles {(north-south, south-north} to repe! each other
—_5) Parallel lines going in the same direction repel each other

-6} Atftract other lines going in the same direction

-1 Exert tension along tneir lengths, tending {0 shorten themselves

— —8) Pass through all materiais, both magnetic and nonmagnetic

- .9 Tend 10 enter or leave magnetic material at 60° angies {0 the surface

10) Tend to flow in paths of least opposition
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TEST

b. Maanetic e
B Arsgcaround maanet through which force nes How
21 Direction of Hew s adways tom south pole 1o north pole

Magnetic flus

~
T

ST S tatal o miggnetic ireld toree lines tlowing from north pole to south
B

21 Bymbol for magnete fux - Greek lettor phi (d)
L3 Ut of Hox - Maxwell two maxwells {Mx) equal one line of force
A Bliscdensity - Number of toree lines per given area; symbo! is (B)
2. Discuss the use of the left-hand role for conyuctors and ons.
a. Lett-hand rube for conductors
1
.

Pl

I Pefthouat e Jor cants
1)

.
Mg

P e e s mmame s L e - B T PRIV

21 Compilete the following hist of stistements concerning the method and effect of induc-
hon by inserting the wordes wheeb best complele(s) cach statement.

i Mathod
B Phace con bar mvicimity of permanent magnet.
2 Do net allow aon bar 1o ,nuch
1. Ettect
1 Magnetic field lines of foree How through the iron bar,

2v The aun bar becoties,

“ad

1 Pole polanty s

4, The permanent moagqnet the ron bar

[
-a
-
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22, Match fypes of grounds on the nght with their correct descriptions.

- ) Voltage reference point of current return 1. Chassis ground
.. b A rod or pipe that 1s buried in the earth 2. Earth ground
C. Connected to a metal chassis or outer cabi- 3. Signal or common
net enclosure ground

23 Match static electridy controls on the right with their correct uses,

a. integrate personnel into grounding system 1. Stool covers, bench
tops. and ground
SR o) Give paraliel leakage paths cords
o Used to ionize the air around an immediate 2. Wrist straps
work area where elecirostatic  sensitive
components are used 3. Air ionizers

INOTE, 1t the 1ollowing activities have not been accomplished prior to the test, ask your
nstructor when thoy should be completed)

24 Solve problems tor an unknown voltage. amperage, and resistance. (Assignment Sheet
®
25 Calculate the resistance values from given color codes. (Assignment Sheet #2)
26, Read analeg volimeter scales. (Assignment Sheet #3)
27 Corvert ampores o milbamps and microamps. (Assignment Sheet #4)
28, Read analog ammeater indications. (Assignment Sheet #5)

29 Demonstrate the ability to8

4. Measure and compare current mm a circuit at two ditferent vollage levels. {(Job
Sheet #1)

. Wire a tunctional relay circut, (Job Sheet #2)

C. Measure the voltage drop in a DC circuit. (Job Sheet #3)

d Demonsitate that magnetic poles can attract and repel. (Job Sheet #4)

€ Construct a simple electiomagnet and check its operation. (Job Sheet #5)

- .“t
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INTRODUCTION TO DC

UNIT Hi

ANSWERS TO TEST

1 Q. 21
B r 25
11 s, 26
6 . 22
9 u. 18
) v. 27
2

19

13

6

2

4

10

1

7

0

2

A

.01

> 100,

* HYy

* 207

10

~

3

Al I

add.

17
20
24
16
23
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8.

10

1

12

14.

b Load
LU
a2 1
3) 9
¢ Circutt switches
T 7
& 13
3 12
4 2
d. Jircuit conductors
1 3
2 8
3 1"
a. Fixed
b. Adjusiable
a. DC voitage ranges
b. AC voltage ranges
C. AC milliamps range
d. DC milliamps range
e. Ohm ranges
a. 4
h. Z
C. 3
d. 1
e 5
a. 3
b, 4
C. ?
d. 1
b. ¢,
! 5 163 1
b 8 i 6
. 2 Q. 3
d 4 h. 7
b, d.e !
. Off
o Resistance
d. Jacks
£, Isplate
g Center scale
i Ohmic

ANSWERS TO TEST
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. ANSWERS TO TEST

15, a. ¢

16. a Directly
b. Moderate

17 The current {amperes) in an electr« circuit equals the electromotiv. force or potenti.i
(voits) divided by the resistance (6 ns)

18 a Calculating circuit resistance
b. Calculating circuil ampurage
C. Calculating circuit voliage
19,  a 1.56.7. 810
b. 1
C. 1.2, 4
20, a Left-hand rule for conductors

1) Grasp conductor with left hand as shown. making sure thumb is pointing
in direction of electron flow in the conductor.

2)  Direction of magnetic field flow is in the direction of the four fingers, from
large knuckles toward fingertips.

b. Left-hand rule for coils
1) Grasp the coil with ieft hand as shown below sc that the four fingers (from
. knuckles to fingertips) point . direction of ¢lectron flow through the

coiled conductor.
2)  The thumb now points toward the north pole of the electromagnet.

21,  a 2y Magnet
b 2)  Electromagnetized
3}  Reversed
4y Altracts

22.  a 3
b. 2
C 1
23.  a. 2
L. 1
c. 3

24.28. Evailuated to the satisfaction of the instructor

29. Pertormance skills evaluated to the satistaction of the instructor

176
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GIRCUITRY
UNIT 1il

UNIT OBJECTIVE

After completion of this unif, the student should be able to apply theoretical knowledge of cir-
cuitry to determine unknown values in circuits, and calculate current, voltage, resistance, and
power in circuits. The student shouid also be able to analyze a series and series-parallel cir-
cuit. Competencies will be Jdemaonsttated by cornrectly pertorming the procedures outlined in
the assignment and job shi:ets and by sconng a mingnum of 85 percent on the unil test.

' SPECIFIC OBJECTIVES

After completion of this urat the stauens o ayid be atve (o
1. Malch tenms refated o ot sith thedr correct definitions.
2. Sciect frue statements conse, Joveltage in oosenes circuit,
3. Complete o hiat ¢ SIaements Concenming resilance in a series crcunt

S0 Select true statements concerning current m a senes circuit.

5 Select true statemonts concerniig voitage i a paralled circait.

8.  Complete a hist of statements concerning resistances in parallel.

7. Select true statements concerning current in a paraliel circuit.

8. Complete a fist of stdements concerning voltage in a series-parallel circuit,

9. Arrange in order steps o simplify et tance iy a series-paraliel circuit.

10. Select true staterendn concernnrng curtent i a senes paratlel circuit.

1. Compiete i et of statement., concerning charactenstics of electrical power.
12, Seolect true claternente coneerning funclions of a voltage divider.

. 13, Determine tolal voltaws: in aosenes cocul. (Assignment Sheet #1)
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14,
15.
16.
17.
18.
19.
20.
21.
22,
23.
24,
25.

27.
28.
29,

30.
31.

32.
33.

OBJECTIVE SHEET

Determine voltage drops across resistances. (Assignment Sheet #2)
Determine the total resistance in a series circuil. {Assignment Sheet #3)
Determine current in a series circuit. (Assignment Sheet #4)

Determine unknown circuit values. (Assignment Sheet §5)

Determine unknown values in a resistive series circuit. (Assighment Sheet #6)
Comrpute the pewer dissipaled in a resistive series circuit. (Assignment Sheet #7)
Calculate current and voltage in paraliel circuits. (Assignment Sheet #8)
Calculate resistance in parallel circuits. {(Assignment Sheet #9)

Calculate power in parallel circuits. (Assignment Sheet #10)

Caiculate various values in parallel circuits. (Assignment Sheet #11)

Trace current tlow in series-parallel circuits. (Assignment Sheet #.2)

Perform exercises in circuit reduction. (Assignment Sheet #13)

Solve for total resistance. (Assignment Sheet #14)

Solve for total current. {Assignment Sheet #15)

Solve for total voltage. (Assignment Sheet #16)

Solve for branch voltages and currents in series-parallel circuits. (Assignment
Steet #17)

S~re for multiple values of vollages and current. (Assignment Sheet #18)

Answer questions regarding opens and shorts in series-parallel circuits. (Assign-
ment Sheet #19)

Answer questions about grounds and vollage polarity. (Assignmen’ Sheet #20)
Analyze no-load and toad circuits. (Assignment Sheet #21)

Demonstrate the ability to:

a. Verify Ohm's law. {Job Sheet #1)

b, Analyze a series citcuit. (Job Sheet #2)

o Measure voltage. current, ana resistance in a parallel circuit. (Job Sheet #3)
d. Analyze a series-parallel circuit. (Job Sheet #4)
e Construct a voltage divider and analyze its tunction. (dob Sheetl #5)

[
172
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. CiIRCUITRY
UNIT IH

SUGGESTED ACTIVITIES

A Obtam oaitional matenals andior mvite resource peopie 1o class 10 supplementrein-
torce 1ooormation provided in this unit of instruction

{(NOTE: This activity should be completed prior {0 hie teaching of this unit

B. Make transparencies from the transparency masters included with this umt,
C Provige students with objective sheet.

D. Discuss unit and specific objectives.,

£ Provide students with information and assignment sheets.

F Discuss information and assignment sheets.

{(INOTE: Use the transparencies to enhance the information as needod.

G. Provide students wi*ty jol* sheels.
. H Discuss and demonstrate the proc o ures outhned in the job sheets.
I Integrate the tollowing activities throughout the teaching of this unit;

1. Construct a parallel circwt with an ammeter and vanable resistor in each branch.

A

Domonstrate the current dividing et'ect of the patalle! circuit,

3. Demonstrate voitage dividers by showing how voltage and curient are attected by
varying the circuit components.

4. Demonstrate the eftects of excess power on e.ectrical components.

5. Meet individually with students (o evaiuate their progress through this unit of
mstruction. and indicate o them possible areas for improvement.
J. Give test.
K. Evaluate test,
L Heteach it necessary

170
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INSTRUCTIONAL MATERIALS INCLUDED IN THIS " 'NIT .

A Ohective shoeet

3 Sugaested achivities
C. information sheet
. Transparency monters

! M 1 — Simple Senes Gireui

Al

T™ 2 -~ Combined Series Circunt
3 TM 3 - Resistance i Paratle! Circuits
4.  TM 4 - The Reciprocal Resistance Mothod
H TM L — Finding the Total Resistance in Parade] Coe g
O. IV 6 - Cunent Flow in a Parallel Circuit
It T™ 7 -« Finding Cur-ent in a Paralie! Grout
g TM B .. Steps to Simplity a Series Paralle! Cuagouit
0. ™2 Series-Paralle) Cucut and Eguivalent Ciree s
10 ™ 10 - Crrewn! Beduction {Step Al
11 ™ 11 -~ Cucut Reducton (Slep B
12 TM 12« Power
E. Assianment shoets
1 Ausignment Sheet #1 - Determine Total Voltage i a Senes Crount
2. Assignment Sheet #2 - Deteormine Voltage Draps Actoss Resistances
3 Assignment Shee! #3 - - Determine the Total Resistance in a Series Girguit
4. Assignment Sheet #4 — Determine Current in a Sories Cuguit
5 Assignment Sheet #5 — Determinge Unknown Circuit Values
6. Assignment Sheet #6 - [ermine Unknown Values in a Hesistive Senes Coeunt

7 Assignment Shew1 87 - Cornpute thae Power Dissipated in a Resistive Sories Cir
cuil

8 Assignmient Sheet #8 - Calculate Current and Vo tage in Paralhel Gircuits .

1?":
£ s
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. INSTRUCTIONAL MATERIALS INCLUDED IN THIS UNIT

3] Assignment Sheot #9 — Calculate Resistance in Parallel Circuits

10, Assicrment Sheet #10 - Calculate Power in Parallel Circ uits

11, Assignment Sheet #11 — Calculate Various Values in Paraliel Circuits
12, Assignment Sheet #12 - Trace Current Flow in Series-Parallel Circuits
3. Assignment Sheet #13 - - Pertorm Excrcises in Circuit Reduction

14, Assignment Sheet #14 - Soive tor Total Resistance

15.  Assignment Sheet #15 - Solve for Total Curntent

16.  Assignment Sheet #16 -~ Solve for Total Voltage

17.  Assignment Sheetl #17 --- Solve for Branch Voltages and Currents in Series-Paral-
lel Circuits

18.  Assignment Sheet #18 -- Solve for Multiple Values of Voltages and Current

19, Assignment Sheet #19 -— Answer Questions Regarding Opens and Shorts in
. Series-Paraliel Circuits

20.  Assignment Sheet #20 .- Answer Questions About Grounds and Voltage Polarity
21 Assignment Sheet #21 -- Analyze No-Load and Load Circuits
F Answers 1o assignment sheets

G Job sheety

o

Job Sheet #1 - - Venty Ohm's Law
2 Job Sheet #2 - - Analyze a Senes Grouit
3. Job Sheet 43 — Measure Voltage. Current. and Resistance in a Paratle! Circuit
4. Job Sheet 84— Analyze a Series-Parallel Circunt
5. Job Sheixt #56 -- Construct a Voltage Divider and Analyze its Function
H. Test

1. Answers {0 test
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REFERENCES USED IN DEVELOPING THIS UNIT
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CIRCUITRY
UNIT i

INFORMATION SHEET

Terms and definitions

A

B

o

H.

Branch circust — Circuit onginating from aomam crowt, often one of many

Circuit — A systemn of conductors through which an electne cunent is
intended to flow

Circuit analysis ~- Applying Ohm's law and other ruies to deternune the
etfect of certain parameters on circuit variables

Circuit breaker - A device designed {o switch open a crcuit automatically
when a current overload exists; this device may be reset

Fuse -~ An gavercurrent protective device with an element that meits and
opens the circuit when overheated: this doevice must be replaced

Node - A junction point in a citcuit at which current divides into separate
branches, or reunites 1om separate branches

Open circuit - - A circuit with no avaiiabie path for current to fiow (intinite
resistance)

Parallel citcuit - An glectiomic circuit which provides mone than one path
(o1 branch) for current to How

Power —- The rate of doing wotk

Series circuil ~ A cireuit where the same current passes thiough each
component

Senes patallel circunt -- A clirant that contams some components in series
and some in paralle!

(NOTE: £ senes-parallel circuit s also refened 10 as @ complex et

Shunt - - Circuit that bypasses another ciucutt or device, especially a 0.,
resistance bypass for an ammeter circuit

Watt - - Unit of measure for power

Work -~ Amount of energy used in g npecifisd tinwe

} be ey,
- »

BE-179
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INFORMATION SHEET

i Voltage in a senes circuit (Transparencies 1 and 2)

A the sum ot the voltages measured across each resistor will equal the
apphied sollage,

.f'" Vi
_LoAAA

)
!

?
|

-
3
o
-
oo
-
v~
-
)
»

e veltage measured across each resistor can be calculated by using
Vs dow o whien both total curntent and resistance are known,

faoseine G = 1000 and I+ = 20mA
Lo, = 1oo= Reo= Z0mA x 1000 = 2V,

» VUit aoded i senes can be either senes-aiding or SENRS-OPPOSING.

4 i
IO DO A8 BE RTINS

L=y T
Eoo= o e L. § Ey =6V — m

fi

bosFov Foom bV E- = B ~ E =3V
Dehes antngg Sernes-0pposing

Honad
u.‘}
7

o
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INFORMATION SHEET

1. Resistance in a series circuit

A The sum of the resistance (R,) equals the total resistance.
Example: Ryja = By + B + B+ .+ By
B. The resistance value of an unknown resistor in series can be calculated by

using Ohm’s law and Kirchhoft's voltage law.

Example:
Ry =25 R2 = 50 Er, = 20MA x 250 = 5V
rf\/\/\, En. = 20mA x 502 = 1V
En, = 20mA x 47Q = 94V
— Ex, = 20mA x 1008 = 2V
ET = 25V —— Iv = 20mA A = 2
e 5 =7

R3 =47 - Ry =100

Er. = Er - (Epy + B+ By, + Bl =25 (5 + 1 + .84 4+ 2

= 20.56V.
R, = A = 2058 _ yongn
I 20imA
V. Current in a series ¢ircuit
A, The current through each resistor is equal 10 the ot cwrer 1y, (Transpar-

cncy 2)

Example: &y = L, = ho = 4
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INFORMATION SHEET

B Total current can be calculated using Ohms taw trom any voltage drop and
resistance value.

Example:

R1 = 33¢

—  Lga L
&

ET = 6V 1 2.8V) & Ro = 47
.
& LAAA
RS = 22

Re= B+ R+ R, o= 342 4 470 4 220 = 1020

_ B8V p R ,
= R: e }02” = 053 Ampa of 59 YﬂAlnpS
Er 1.9V
o= 200 =2 U0 = D89 Amps or 58 mAmps
R, 33 P f

Y.  Vollage in a paralle! circuit
A The voitage 1s the same across parallel branches.
Example:  in the paralle! circutt below, E,,, and E 4 are of the same {1.5V)

because points a, b, and ¢, and points d, e, and { are exactly the
$ame

] O

54

a b
- T

Em% ! = N2 SERy
d e
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o INFORMATION SHEET

B. Branch elements in a paraliel circuit work independently of each other,

(NOTE: 1f Christmas tree lighis are connected in paraliel, the whole string
does not go out when one buib burns out. (See diagram below.) This is
because the voltage remains across parallel brarches even though one
branch is open. It the buibs were connected in senes. the whole string of
bulbs would go out when any one burned out.)

Burnt Qut
Bulb
é S~ ~ 2
— 120V
VI.  Resistances in parallel (Transparencies 3. 4. and 5)
A. Ohm's faw is used to determine total resistance if current is known: Ry = EJ
I,
B, It current is not known, the reciprocal resistance formula is used to com-
pute tolal resistance:
1T + 1 . 1 N
R P R R,
R: = P §
e b1y
C Equal brapch method is osed if resistors of equal value (R) are connected in
paraliel

R: = RIN wheie N is the total number of equal resistors

Example.  f three 30-ohm ressistors are connecied 1 paraliel, Ry equals 30/
3 or 10 ghms

D. Unequal branch method is used when two resistors (R, and R,) of unequal
value are connecied in parallel

« xR
R, = R xR
R, + R;\
£ Parallel rule -— The total resistance of paralle! resistors is always less than

the re * stance of any one branch.

bty
" 1]
{r
L 3
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ERIC

Aruitoxt provided by Eic:

Vil

IX.

INFORMATION 00

Current in 2 parallel circud - 7o L0 o

A A B o the totar cooot oo

s Tho Gumenl ot saon Poges?
e branah g s L
. Phemn ine corne b o

+ b

Voltage in a series-parallel circuis

A The voitinge d1op Gorens gy s
resistance meitiphed by Uoe oo o

€
e

Py J/ .
. A
- S

[STA A
-.Q(‘?v, !
/

-

— |

3+ = Hu:
1348 mA b AN

|
.

T

!
!
.i

| R = o
e e AN e
[.Rz < IRE X H? = (50048 o

¢ The totai of the voltage droge o
ther entie sinneg

Steps to simplify resistance in & senenpaceiet o

th

A [entity senes restston.

8 mentify all paraticl grog; Cof o0

C Bueduoe cach paralle! groap 1o oo

{3 Redraw the ciresit using o o
resistancs,

i Co obine all eguivalinl tenist oo - 1

el Sianae

TN :'
—

-

¢

L

L T T L A T
IR T P

,
by
:
}
:
L
"....
4
.
e
\a
‘)
3
HUILERNTTES £ S L
' i 3 ? v:»E‘I'\).
;*_ifwzl‘ul.\“:
ot ine 104l
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. INFORMATION SHEET

X. Current in a series-parallel circuit

A. Current in each branch ot a senes-paraliel circut equals the vol e across
the branch divided by the {otal resistance in the hranch

25 Total line current equals the sum of the currenis in vach tranch.

Example:

6KY )

m—-f\/\/\,—@—ﬁ
-~ 3K /T-?\
1mA EKQ 3 | imA
. \‘1[ -

9K
gKn
l
AN
M~
o

> 45K

Xl Characteristics ot 2lectrical power (Transparency 12)

A The tundamental unit of measure for electrical power is the watt (W) and
may be measured with an instrument called a wattmeter

1. Electrical power is the time rate al which a change is moved by volt-
age.

2. One watl equals the work accomplished in one sccond by ona voit ot
potential differert in moving one coulomb of charge.

. (NOTE: 746 watts = 1 horsepower.)

e
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INFORMATION SHEET

B. Power (P) in an electrical circuit may be calculated by using Watl's faw,
expressed by three basic formulas;

P {in watts) = E {volts) | {amperes)

P (in watts) = 1€ (amperes) R {ohms)

2
P (in watts) = = (volts)
R (ohms)

C. Power is dissipate d in resistance in the form of heat and is made evident by
a voltage drop across the resistance.

Xii.  Functions of a voltage divider

A, A voltage divider allows tapping off of ditfercnt voltages for various apglica-
tions.

B. Chassis ground is often used as the zero reference point.
C. Tapped voltages may be either positive or negative.

D. A load is connected in parailel with the resister trom which the voltage is
tapped.

E. If the load draws appreciable current, the voitage division differs from the
no-load condition.

Example: In the circuit below, the chassis is grounded at the point
between R, anc R;. The equivalent resistance (Rg,) of R and Ry
is 5 ohms. The total resistance across the applied voltage is 25
ohms. The open load voltage across R; is 10 volts but the ioad
voltage (with R, connected) is 6 voits.

R1 100
EA = -(;OV R2 100
+ {load)
— |
100 104}
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Simple Series Circuit

M1
*OA )
uZa
+ 1 +
E =10V
—_—1 R1 = 5Q
| M2 B
D
U 2a

Current measured by M1 will equal that of M2.

185 1eg

431-349
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Combined Series Circuit

M1

Current measured by M1 will equal that of M2, M3, or M4.

681-39
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Resistance in Parallel Circuits

The reciprocal of the total resistance of a parallel
circuit is equal to the sum of the reciprocals of the
individual resistances

1o
1£6

181-38
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® The Reciprocal Resistance Method

For Calculating Total Hesistance

in a Parallel Circuit:

e s

!
<
¢

v

¥
L.—.-“.,—-.«.» PPN - -

Step 1

R1=060Q

/R T-f'i/R“lH/RZﬂ/RB

e e — e e dm—e—

R2 =600 gﬂszaou

an e anrastn . ——

Find Least Common Denominator and

Add the Reciprocals:
Common Denominator = 60
1 _ 1
. Reciprocal of R, = 50
Reciprocal of R, = !
T < 60
2
e0
Total of Reciprocals

Reciprocal of Ry =

1 1 2 4
607607 60 60

Step 2: Invert the Reciprocals:
A
Hy 60
R, 60
4
Step 30 Luoive For iy
- By =150

(Less Than Any of the Individual Resistors)

™4

o 151




Finding the Total Resistance in Paraliel Circuits

L Current Flow
Ey=20volts &gy S R2 R3 R4
T | =1 ampereI o ampere|l= 2amperes =1 ampere
RT::ET =20=4.4 ohms
' 45 =1 +1 +1 +1
R1=20 volts __ ::20 ohms Rr Rl R2 R3 R4
1 ampere 1= 1 41 +1 +1
R2=20 volts =40 ohms R, 20 40 10 20
5> ampere
1=2+1+4+2 =9
R3=20 volts =10 ohms R 40 40
2 amperes RT~~- 40 = 4.4 oh
R4=20 volts - 20 ohms T ~—§--—-“ -+ ONMS
1 ampere
ERIC 192 163

Géi-38



Current Flow in a Parallel Circuit

—

E ) A, 3
IR IR, l IR, 1

The total current flowing through a parallel circuit is the
sum of the currents flowing through each branch.

In the above circuit: Iy = Igy + Iz, + gz

9Nl

Qo | Al i

15

461-389



Finding Current in a Parallel Circuit

1 *_ __

R1 R2 R3
E, = 42 volts 5 ohms 10 ohms 30 ohms

O+ + + +

. b ies } '3
B

..H"
¢ -

‘T L (Amperes)

How much current is passing through point **H" in this circuit?
There are two methods for determining total current in *his
circuit;

1. Find the current flowing through each branch (ex
e »-_E) then add all 3 branch currents (IT*‘*lm | oot
lga). "

2. FR;r31d the total resistance using the reciprocal resistance
forrnula, then calculate total current (I, = ‘RE')'

T

167
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Steps to Simplify a Series-Parallel Gircuit

ST VA V/A WS -9 J\/\/\,_._._
B R * | * ‘ |
o g2 £ g3 | 4 RSY
E, < R2 | éﬂ RS |
. f ?.!, E f& :
T bl RG ;| N ;o
S *‘{J\/\/\,___WW P l B S
D C
STEPS
1. Trace Curent Flow and ldentify Voltage Drop Polanty
(See Aboved
S ldentity Nodes
. Current Division -— A & B
b, Current Returmn -~ C & D
3. ldentfy Resistors in Senes With B2 R1 & RB
4 ldentify Resistors in Paraliel B2, R3. & (R4 - RO)
5. ldentity Sernies-Parallel Resistors.
a. R2.R3. 8 (R4 - R5) Become Rpg When the Recip-
rocal Resistance Formula 1s Appled
b. R1 & R6 are in Senes with Reg
y 6. Determine Total Resistance: RT ~ B1 - Bgq - 6
o § 1§>J

ERIC

Full Tt Provided by ERIC.

d

~ .
N
T4

" P

102 38



BE-203

¢ Series-Parallel Circuit and
Equivalent Circuit
~AAA ,
i + Ry Ty -, |
b7 300 + +
— E, R, R3
T - 20Q 300
\J-_r__» IRg} o |R3j
r
Circuit
o
AN~
T
|+ 300 +
—E Req
. 120
\ RT = 429
Equivalent Circuit
@

'a%s)

T™9



Step A: Trace Current Flow

261

Circuit Reduction
(Step A)

R1 RS 259

and Re-Draw Circuit -

R,
500

G0z-38



Step B: Reduce Circuit

R, 2

.\ Ey R, Reg l 500
R 509 (R3,4,5)
6

100Q

Rr=R{+ Ryq+ Rg=1750

o
Circuit Reduction
(Step B)
R, 1
500
My 2 250
R, 500
+ Re
} ; S 250
6 (R4-R5)
1009
3 =,
AVAVAVL
500
E, Rea S 250
+ T R, (R2.3.4.5)
1006

A

‘A O

L0c-34



Power

® |s defined as the rate of doing work (w/t)

e Has the symbol "P”

P=IE
e Can be calculated with formulas P=12 R Watt's Law
P=E?/R

® |s measured in waits 1 watt=1 ampere x 1 volt

¢ |s measured by a wattmeter

0,

£ §;

60c-39
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@ CIRCUITRY
UNIT I

ASSIGNMENT SHEET #1 — DETERMINE TOTAL VOLTAGE
IN A SERIES CIRCUIT

2A
1 Ee= m
| ./
L. e
Jp—
2. Ey= T e e

3 B, = e
“,,:'i;E; §R=1OK£3
. T
4A
- S

S R1 = 200

- R2 == 300
20A

. + \ /=

+

i |l
™ '

S

>)

L"‘—'I\.\»ﬁ\/—""\.

ERIC

Full Tt Provided by ERIC.
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6.

ASSIGNMENT SHEET #1

R, = 1200
- LAVAV) VS

_ T R, =304

I I
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CIRCUITRY
UNIT Ui
ASSIGNMENT SHEET #2 -— DETERMINE VOLTAGE DROPS ACROSS
RESISTANCES
Ry
1. True or false? T -J\/\ T T
27Ky}

e Vg 18 greater than Vi,

T gy g R2
+ l" 1008

2. The largest voltage drop is Ry
v — ~...ﬁ_._,..!\/\/\«,..._.,.._..._.‘__..___ .
a M 27Ky
—— b VH - ._‘:.!:.... ET ? R?
oo 10K4
... c V”.s [ K
3
| e AN - J
33K
3 Er = e e -
~HE
[T R B
VARY ET }
15Y & Ry Ro $VR2 = 10V
i l
4 ET I e f__ . e e "\/\/\r e et ey
R,
S £ K. «; Vi - 15V
. [ H‘ ﬁ
P .f\/\/\,_u .
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ERIC

Full Tt Provided by ERIC.

Ey =

ASSIGNMENT SHEET #2

e i e v ——— o vt

il
ET

R2 = 25V &

‘3
<
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o CIRCUITRY
UNIT 1i

ASSIGNMENT SHEET #3 — DETERMINE THE TOTAL RESISTANCE
IN A SERIES CIRCUIT

R O VR =12V

5A

Ea = 25V

@
il
AAY

e

Load

I
%

™
Y
oy
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CIRCUITRY
UNIT Hi

ASSIGNMENT SHEET #4 — DETERMINE CURRENT IN A
SERIES CIRCUIT

Directions: Determine the current in the following seties circuits. Be sure to indicate units.

1. | =
R = 1254
2, b= B e i e e
i g R = 4000
——  Ep = 200V
| S ...A®___,_... e e
3 | =

(NOTE: Give answer in milliamperes.)

‘_‘_“WV‘- —— i+~
R = 5KQ

————————

T Ep= 200V

—

] . N__@\;_A e ]
¥\ -
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® CIRCUITRY
UNIT

ASSIGNMENT SHEET #5 — DETERMINE UNKNOWN CIRCUIT VALUES

1. lh, [ .. I-._‘ e mm s ®.~m e —

- _— R
mem e Ea 5;’ 10V
+ =1 30V )

R2
100

2. heo= - I @_ e i
CoTl Ea R4
+ g 40V 100 g 2OV
R> - 10Q
e e A e
o AL
S N B . . l
S ¥ Ry <
b e 3OV o < BV

Ra =150 Ro = 100

15V 0%

4. V;f‘: B . - .,......_/W\;___ A__.-,__.,JVW-.._...
R1 = 104 Ry = 50
27T EA

T 44

(NOTE: The Ohms luw formula appites {0 all paris of a circut.)

g




H

ASSIGNMENT SHEET #5

R1

e ,,__f\,l\/\,- e -
et 6V

+ O AR AN e AN
Ry = 200 Ry = 201 R3 = 104

100V

+ -
e (P e e __CA) e e e e e v ]

150V § R
o “’@

JimA

t O ;‘\/\/’\,_.4_. o .A,_.,J\’f'\/\,_w _@...,J\/\/tv_,,_*w
R4 Rp R3
a0V
4 s

(INOTE: Al tesistaorns ara equist i valing

€y




CIRCUITRY
UNIT li

ASSIGNMENT SHEET #5 — DETERMINE UNKNOWN VALUES
IN A RESISTIVE SERIES CIRCUIT

Ry = 54
R = L S A V| VS U
o EA
e 3OV
.| gRQ
Ry = 2u eA

VN .*,.__.,f,.@}.’lg

{NOTE . Fust solve for R

mm s AN e e
2 Vi, = [ - -
: ) Ry = 100
- - E
- 2BV Ro = 250
+
Ry = 159
N, . V. PN
(INOTE: To solve for any one part of a cucuil, you muost have two known values of
that part. it solving for volts, you must timd amps and ohms.)
A Determane the quantities mdicated

r‘,.V,.A_.W\v_.__. . . J\)"\!\; rv—— n
! Ry = 70 Ro = 30
M**f‘“\j D Ry = 20
+ W} <
g = 3 ‘]
e
o F’{“ £y i} { - €} v‘ s =
h e - £ Vi o ) b, =
\!‘L‘ f !vfgce

€y - -

BE-22°



222

ASSIGNMENT SHEET #6

4. Determine the guantities indicaled.

— " +
SNV . e AAN—
L sma Ry = 20KQ
LT FA
T Ro = 10KQ
+ R3 2
e 2 ——— e vt oo,
Wow
100V
. by = . . C. R;a = . e Iy = .
h V;; = . Vf* = " § E\ = .

(NOTE: 5mA . DD5A)
Determine the quantities indicated.
- +
[T WA

R1 = 30KQ -
e EA RT
+ |

It

100K R &y spoy

L Ry = 20K1 .
a R. = { L= ¢ Vi =
ty ;“‘ = ".j. Vt‘,' e . f Fn =
6. Determine the quantihes indicatoed.
5KV
“**‘*"\/’V\rlj -
_ L £ Ry = 25KQ
- RA Ry = 2RKQ
- 1HKV
¥ f 3
e e A AAS -
a o= c. B.o= € H o=
t! \Vlh d V;,“ = i ]u ey
DAy
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. ASSIGNMENT SHEET #6

7. What resistance value will the iamp have?

- \C/
Ea 1A
~——— 100V
+

8. in this circuit, if you wanted the lamp in problem 7 to operate at 50v, what would
the value of Ry have to be?

NN
:"-“—100\/ EL = 50V
500mA
) |
o/

RL'-"‘

ol
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. CIRCUITRY
UNIT il

ASSIGNMENT SHEET #7 — COMPUTE THE POWER DISSIPATED
IN A RESISTIVE SERIES CIRCUIT

1 P; = =
+
CPE 1A R2 =150
2. pn. e e
3 ps;; i
4 P. o= e e e

ERIC

Full Tt Provided by ERIC.



ASSIGNMENT SHEET #7

5. W the lamp is using 40 watts. the current equals _

Bt 1Y, 40w
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@ CIRCUITRY
UNIT I

ASSIGNMENT SHEET #8 — CALCULATE CURRENT AND VOLTAGE
IN PARALLEL CIRCUITS

1. Calculate quantities indicated.

Q. E;} e e

! |
bt A R2
AL Ea
C. ER;,_. e ——— 50V R1 Rz
108 100
R T
e. !7_‘__- -
2. Calculale quantities indicaled.
a, ‘H?-,..-M- - e __T
b. E”:?~~~~—~— _J E
— A Ry R2
4. o L 100V
Q. E;._-_.____. .
3 Calculate quantities indicated.
a, l;;._.,
b. Py o . - -
R _~~  Rj R2 R3
d. b —re— B0 50 1002
e Em — - 29.\1,_ -~ —
f Er,,
g EHT v = ——— et
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n

ASSIGNMENT SHEET #8

Calculate quantities indicated. IWM e S
g Ea

a. EH1 ——— oud o ER2 . §
b, E,‘:‘.“___-_.-. R o r ! 60V 3

C. EA,, e o e e e e ]

Calculate quantidies indicated.

a. L 200 |
R
b, la ™
¢ oo T EA
60V

. Y e

Calculate quantities indicated.

b N = 50 50
4A 20V
C. E;;Y...._A e L e

. EA_...- —— - e

If you measured current where ammeter is located, what should it indicate?

-




ASSIGNMENT SHEET #8

Calculate quantities indicated

a.

L.

Exi,

- __.. R, é

<t

1 md

100V

BE-220
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o CIRCUITRY
UNIT 1

ASSIGNMENT SHEET #9 — CALCULATE RESISTANCE IN PARALLEL
CIRCUITS

1. Calculate quantities indicated.

2. Calculate Ry ... .

!
-

Ea = R4 R2 R3

. T 30 300 300

¥

3 a Calculate R, _ . \}
— 4 A
SR o) R
. > é
L. EA < >
Bt R1§ R2<7  H3
L <
60V
| 60 .
b. if the three resistors are equal invalue. B, = . ohms.
(‘} N s

L N
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~d

ASSIGNMENT SHEET #9

Calculate R.___ . _.

Calcutate Ry__ _ .

- e —

-:_ R1 Ro A3
—r— 601 etQ 601

Calculate R, ___

!

Calcuiate R..

_4[ R+ l Ro
T 300 j 502
Calculate Ry _.
S R1 l R2
"‘r 204 I 200
| R, . . - -




10.

11

12.

ASSIGNMENT SHEET #9

Calculate Ry ____ . _ .

Calculate By__ ____ . e

Calculate R ... ...

1
150

:L_ R : Ro Ra R4

Calculate Ry ..

*[ . B R2

50 54

£y o

R Y]
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ASSIGNMENT SHEET #9

13, Malch methods on the right with their circuit diagrams.

R3
154

R4
200

1. Unequal branch
method (product
over sum)

n

Reciprocai inethod

3. Equal branch
method

{NOTE: Method 2 can,
naturally, be used for
all. Choose the fastest
method.)

Al
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CIRCUITRY

UNIT

ASSIGNMENT SHEET #10 — CAL

CULATE POWER IN PARALLEL

CIRCUITS

b Calculate P.

Calculate P,

T

Calculate P,

~ = Walls
f1 R2 R3
- 104 1042 2041
10A
L -
- Watls

~ Waltts



CIRCUITRY
UNIT il

ASSIGNMENT SHEET #11 — CALCULATE VARIOUS VALUES IN

M

PARALLEL CIRCUITS

Caiculate quantities indicated.

PO N SO &

Calcutate quantities indicated.
— R1

- R T R
ET = 30V "o 2 '

R4
.. 300 1002 30¢ X

~

e.._..._..:"z\".wfz i z:f}

— .._J"V‘ LV R

Calculate quantities indicated.

[ ‘
<
?g( Hy 104
Yy
Y ‘
I Ry o3

£,

B

BE-237
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ASSIGNMENT SHEET #11

4. Calculnte quantifios indwatod,

a E1_ ....... meins o
1T = 10A
. b By
AV @ e
RO |
. ¥ l l l C lamoo
= vigy S Rz S OH3 Ra
If/’ 2A i 104 > 10U T 4A d Yoo o
R e Ry
. Py

e




CIRCUITRY
UNIT I}

ASSIGNMENT SHEET #12 — TRACE CURRENT FLOW IN
SERIES-PARALLEL CIRCUITS

1. Study the schematic and complete the statoment boelow it

£\

2A

Current will divide at Point . . _ . and come back together at Pomni

2. From the circuit above, list the resistors,
inseries _____ . .
inparallel ________ .
3. In the circuit above (Resistors 2 and B winch statements below ar- correet?

a. will carry a combined two amps ot current

will each carry two amps of current
U o will carnry a combined one amgp of current

will eaeh carry ess than two amps of rurrent

BE-239
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4.

ASSIGNMENT SHEET #12

Study the schematic below and compiete the questions below it.

a. At what point does current divide? _ ___ .
b. At what point does it come hack together? ____ .
c. Does current divide mote than once?

List the three resistors in the circuit above that form a series string.

a. e e e e e e e e e = e e

b. S S

C. eemome s e 2t e e i e eemn e e e J—

List the resistors in the circuit above in series with the source.

In the ciruit above, which statements below are correct?
- R; is in parallel with Rs;, R,, and Rs

.b. Less than 10 amps will flow through R,

C. 10 amps will flow through R,

d Less than 10 amps will flow through R, R, Bs




8.

10.

11.

ASSIGNMENT SHEET #12

Study the following schematic and answer the quostions hoelow 4,

a. Al what point does current first divide?.
b, At what point does current next divide?. .
C. At what point does current all come back together?_ . _ . . _

In the circuit, check the pairs of resistors that are in paraile! with each other.
"} R, and R,
Jb. R, and R,
.. R. and R,
R« § R. and R
Answer these guestions.
a. How many resistors are directly in senes with the rest of the circuit?
b. Is the R,, of R, and R, in serics with R.?

Check the statements that are correct.

" Ig, + ’Ra = 10 amps
I +1 An ammeter at Point C will measure 10 amps
R o Current through Ry will be more than through 13,
d. lp“‘ ¥ !Hﬁ == h‘.-‘
() RIS

BE-241



242

ASSIGNMENT SHEET #12

12, Study the following schematic and answer the questions below it.

a. Current first divides at which point? . —-
b. Current next divides at which point?____

C. Does current also divide at Point D? Point F?

d. How many resistors are in series with the source?

e. Will there be a full 10 amps of current through R,?

f Will there be a full 10 amps of current through Rs?___

q. Wilt there be a full 10 amps of cunrent at Point 57

h. Does total current go through R-7__ I

i Does a tull 10 amps enter Rg?____ -

j. Will current be common through Ry and R.?
k. Does the full 10 amps of current enter Point D?
| Name the two resistors in string. _

5, .
el

’
- .
LY
%
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@ CIRCUITRY
UNIT I

ASSIGNMENT SHEET #13 — PERFORM EXERCISES IN CIRCUIT
REDUCTION

1. This assignment is to reduce series-paralie’ circuits by redrawing them as series
circuits, in this manner:

Original Circuit Redrawn
—\N\NA\N—
. R4 5Q - 1 Ry 5Q
ET =10v T Ro R3 - ET z
100 100 + R
* 10V &d

R; and R; in the original circuit have been combined into one resistor, which has
become R, in the redrawn circuit. B, in the redrawn circuit will have the same
resistance as R, and R; combined in the original circuit. In other words, R, in the

. redrawn circuit will be egual to Rg, of the original circuit.
a. What is the resistance vaiue of R, in the redrawn circuit above? ______
b. Redraw the series-parallel circuit with just one resistor and show its value.

0
LS

L BV B
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ASSIGNMENT SHEET #i3

2. Redraw the cicunt below by combining H.. R, and R... Show the new value.

Ry = 10¢ Az = 150
l——-——~’\/\/\r~ R R AV A WA P
T F7 = 25V Ro = 304 Rg = 108
Ry = 50

3. You should now have two resistors in parallel. Redraw the circuit again, combin-
ing the parailel branches. Show the equivalent value of the paraliel branch.

4. Your circuit should now be a series circuit with two resistors. Redraw the circuit

once more, showing one eguivalent resistor. Show values, including Iy, on the
schematic.

-

P .- P
.y .-5\ ,)
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‘ CIRCUITRY
UNIT il

ASSIGNMENT SHEET #14 — SOLVE FOQR TOTAL RESISTANCY

This assignment will combine circuit reductions and soive for total circuit resist
ance in more compiex circuits Use the steps cited in the Information Sheet and

refer Lo 1t if necessary. Study the circuit below Trace current fiow and determine
which resistors are in parallel,

m o )
e
41
+ r“_wm
RZ § 50
§ F3
/e 1 2081
R4 g R5
|| 200 6052
a. First. find R, for Rsand R, = . . .
b Redraw circuil. showing R. and R combined into one equivalent resistor.

Show values.

2. Note that R, and R, are in series and are additive. Combine R, and R, intc one
equivalent resistor, R, Redraw the circuit and show values.

\) | 2 :: ‘r-.
’
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ASSIGNMENT SHEET #14 .

3. Notice now that the new R, is 10 paraile} with R.,. Find the next R, and redraw
the circuit with appropriate values shown.

4,  Redraw the tinal circuit showing one equivalent resistorn R,

0"} L JE

\oaa
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. CIRCUITRY
UNIT 1l

ASSIGNMENT SHEET #15 — SOLVE FOR TOTAL CURRENT

1. Study the circuit below. Iy =

(2)
o/
ey R2
1 Ry ¢ IRy = 1A
IRg = 2A ¢ PR3
2. Find by =
® —®
e e R4
IR, = 1A
Ro 2 R3
le = BA

3. Find I+ = _

R1

il

|
|

ERIC

Full Tt Provided by ERIC.
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® CIRCUITRY
UNIT Il

ASSIGNMENT SHEET #16 — SOLVE FOR TOTAL VOLTAGE

1. EA e e et = et e+ o e s m— e m e e s e et a —vmm e e e et e e amrn e o e r amom et s ——
— FA VRy = 20V VRg = 20V
.._.T._..
2 EA e e b —_ —_— —— e pianon —_

® —=s g = ' g

T R % VRy = 30V
VHB = 20V S R3

4 ]
3 EA e ——— e e - - - - e e e st e
VRy = 10V
]
— Ea ‘ VRy = 10V
VRo = 20V
S VRy = 10V

©

ERIC

Aruitoxt provided by Eic:
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. CIRCUITRY
UNIT Il

ASSIGNMENT SHEET #17 — SOLVE FOR BRANCH VOLTAGES AND
CURRENTS IN SERIES-PARALLEL CIRCUITS

1. In this assignmeni. you will solve for branch voitage drop and current through

branches.
a. In the schematic below. Vp, = —
A
EA = 40V
e EA AV A o 20V S RO
Rz = 1012 Ra = 100
Rt = 100 ,
. b What is @ Vi,? e

c. Find jp,above. —_—

2. In the circuit below, the voltage drop across R, is

——— et e+ et -t o e e A

__EA Ry = B0
15V

1A

VAVAVAVAVA =
R4 = 54

3. In the circuit above. Vi, =

4. In the circuit above, Iy, =

e m e m A bt e e AR ih L el e ee A e s Jp—

€) ¢




252

ASSIGNMENT SHEET #17

i

Study this ¢ircuit.
a Find Vy.,
sy Find {;.j, oL

c. Fingd |

o EA =BV 2; Ry = 404
+ %:71 = 20U
S A AW -

R;g pa 10&2




RE.263

. CIRCUITRY
UNIT 1Y

ASSIGNMENT SHEET #18 — SOLVE FOR MULTIPLE VALUES OF
VOLTAGES ARD CURRBENT

2. Solve for guaanbities e g
Vo,
Ry = 04 ;
r..._z"\/\/\,m.,T AVATAW y
o o= e e
- (::é P R &v
pumeal 5 WREE I DY LV f‘
}
g«
oy
! ;“ ‘:,‘
i i
B i
i

010

IS 3
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. CIRCUITRY
UNIT Il

ASSIGNMENT SHEET #19 — ANSWER QUESTIONS REGARDING OPENS
AND SHORTS IN SERIES-PARALLEL CIRCUITS

1. The fuse in the circuit below is rated at 10 amps. Analyze the circuit and answer
the questions below it.

) 2
FUSE R3
R4
a. How many amps will try to flow through the fuse? __ .
. b. Will the fuse blow and creale anopen? . . _. —
2. Inthe foliowing circuil, an open suddenly occurs between R; and R, Answer the
questions.
R3
—_—
R1 Ro Rg
Rs
a. Total current will (increase, decrease, stay the same) .. . _
b. IR, will (increase, decrease, stav the same) — e

3. In the shorted circuit below, the current flowing through

oo Hy l Y SHORT
. b. R_'; e e e 10V R2 { / o
3
2A "}
L A)— T
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(. ) CIRCUITRY
UNIT Hil

ASSIGNMENT SHEET #20 — ANSWER QUESTIONS ABOUT GROUNDS
AND VOLTAGE POLARITY

1. This assignment deais with vollage dividers
and grounds, especially with grounds not
located at the power source. Study the circut

and indicate the polarity and voltages : o A
requested. ¢
‘\'R} = 101
a.  The voltage between Point A and LS |
ground is ___._________ . (posiliveneg Lo uov *
ative) : Ry = 100
b.  The voltage polarity between Pomt R | o8
and ground is _ .. positive '
negative) Ry = 109
c. The voltage polanty between Pomnt © ‘ ° L
andground is ___ ______ ___(positvey Rg = 10u
. negative) . 6D
d. The voitage polanty between Point D A
and ground is . _____. (positive o
negative) SRy = 200
o .
2. Study the circuit and answer the queshionst, “)‘:\\, ¢ B
: ERGEAY :
_ “Ro = 304
a. The voltage and polarity from Pomnt A 1o : Re o
goundis _ . . . ... ... .. . : o
b. Va (from Point B to ground) s ,‘»RS = e
(.‘,
C. V¢ (Point C to ground) s )
g = 40U

d. Vp {(Point D to ground) 1s

e. Voltage -~ ° ° T with respect o Poird
A,
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CIRCUITRY
UNIT 1l

In this assignment, you are geing to perform a
circuit analysis belween a no-load circuit and a
load circuit. Suppose we have a given circuit
with no-load condition.

With respect to ground, what is the polarity
and voitage at:

a. Point A
b. Point B e
C. Paint C

A n et At et e e

ASSIGNMENT SHEET #21 — ANALYZE NO-LOAD AND LOAD CIRCUITS

G

A

First, {et us record the quantities in the circuit with no-load or ground connected.

Fill in the blanks with the proper values.

H, a-
0

h.

A =3V Ao C.
100

d.
Ra

100 e,

By

Iy

VH,{ o i o ettt ke ek it e et o mesavow m anm i

VH;- —— mamas e e

Suppose now that we want to connect a load that needs negative volts to oper-
ate. Which of the foilowing circuits shows the proper load connection?

pun I Sy
Ry i | LOA-ﬂ Hy <
—4  ton — 1w ? I
pe— = ":1—_:—
Ro Ho
1012 108 LOAD
e < R3 — Ry
~ 10 - 100
L . _§ -

oy

BE-259
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LOSIONMENT SHMEET 221

G Codtrtlec Boncs i Tt e e e ey e e et s ied eegit ke thise

A S A S AR A0 A R AP P et Do e e e g peraston in paralied
R T T E T B R T

Traotoad e s o s e L s e S e the necessary 10

sl TR T T e ey ety e taadl we Knwow thiatd
RS R B R T o R P PR S AR AAEETISCE LS A0S FPC NS AV PAEA HIPPR B
5 - Ve !
[ .
Sl
N

v P e ' . : Co At v i ooy ioad cir

D eI e e e ool rn sk sDow IGTeEses of

at N -
‘ . Y
o s e g N . : . o e e e ——
J !
3 1
H v 4
* \ j : i
i N
) : ¢ . {
+ . “ ‘
1 ¥
[ ST, 4 i | WU SR
PR ¢ - )
4 RS .
R v e . . o N
5 e , o3 ' : \ W s

O

ERIC

Aruitoxt provided by Eic:
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‘ CIRCUITRY
UNIT

ANSWERS TO ASSIGNMENT SHEETS

Assignment Sheet #1

1. 580V 4. 1000V or 1KV
2. 100V 5 340V
3. 40KV 6. 100V

Assignment Sheet #2

1. True 4. 45V
2. C 5. 30V
3 25V

Assignment Sheet #3

Assignment Sheet #4
1. 2A
2. B00mA or 05 A
3. 40 mA

Assignment Sheet #5

1. A A, 2
2. 2A . 20V
3. 1A 7. BOKQ
4. 20V 8 30V
0 217
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ANSWERS TO ASSIGNMENT SHEETS

Assignment Sheet #6

1. By

2.8

3 a 15 e. 12V
b. AA f. 8v
C. 28V g. 12V
d. 4A h. AA

4. a SmA d. 100V
b. 50V e 5mA
C. 20K f. 250V

5 a S0K U d. 300V
b. 10mA e 200V
G. 10mA f. 1KV

6. a 200mA d. 5KV
b. HKV e 75K @
C 25K i . 200mA

7. 1000

8. 100«

Assignment Sheet #7

1. 3J0W 4 40W
2. 20W L 2A
3 3w




ANSWERS TO ASSIGNMENT SHEETS

Assignment Sheet #8

1.

o~

2]

a.

b.

C.

d.

.

€.

o,

e

50v

da

10a

44

d4a

2a

10a

20v

20v

3a

ba

2a

11a

2ma

100v

100v

tma

100v

100y

o
sy

b.

¢l

b

d.

ba

100v

Ba

10a

100v

60v

60v

60v

BE-263
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ANSWERS TO ASSIGNMENT SHEETS

Assignment Sheet #9

1. a 201 2. 10u
b J00
. 124
d. 124
3  a 100 4,
b. 300
5 200 8. .1
7. 200 8. 100
9. 6w 10, 120
1 He: 12, 240

13 a. {3

b. {1 .

o (&

Assignment Sheet #10
1. 400
2. 2500 watls
3. 45 walts

Assignment Sheet #11

1. a 100V 2. a o0
b. 100V b. 1A
e. 16.7Q o 3A
d. 504 d. 1A
¢ 5 & 1A
f. 600W { B6A

-

L
’\v
-
-

i
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. ANSWERS TO ASSIGNMENT SHEETS
3. a 30 4. a 20v
b. 4A b. 54
o 12V c. 2a
a. 0.4a or 400ma d. 2a
e 21
f. 200 watts

Assignment Sheet #12
1. Point Y, Point Z
2. Inseries — R, and R,
In parallel -~ R, and R.
3. aandd

4. a. Point C

. b, Poimnt A

c. No
5 R.RLR:
6. R, R

7 Ail are cortect

8. a. Peoint A

h, Point B
C. Point
g d

10. a. One (R))
b. Yes

11, a h.d

o
I
oy
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ANSWERS TO ASSIGNMENT SHEETS

12 a Point A Q.
b. Foint C h.
. Yes. Yoo '
d None 3
€. No K.
f. No i

Assignment Sh~et §13

Ay
N

‘. a. A[_A‘_..v.,v.._......._.___..‘.. -

o b
— 0 Ry

1y
b. l

.

By

AN

T4

»a

A A

g
ey 30 R, 04 A4k

Ead

;Hm}

R,

£adl,

Yos

NO

R; and R«




ANSWERS TO ASSIGNMENT SHEETS

Assignment Sheet #14
1. a 1H ohms

b.

[a%]

g Req
200 <0 & Ry

—_— Hy S 14y

Assignment Sheet §15

1 3a
2. Ba
3 44

5 Nl
at;.j
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ANSWERS TO ASSIGNMENTYT SHEETS

Assignment Sheet #16

1. S0v
2. 30v
3. 4iv

Assignment Sheet #17

1. a 20v
b. 20v
C. 2a

2. hwv

3

4. 0.5 or HS00ma

58 A 21 4y
b. 1.43A
c. ARY:

Assignment Sheet #18

1. a 8 < 10 ;. baie
tr 10 Ls 103 k. 5
G 10 . Flw
. 20 a 50v
o 80y v P
f. 80v ! 12 By
(. 104 8] 12 Hy
h 2 by fn
1 e ! b
- -

£ovd Y
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. ANSWERS TO ASSIGNMENT SHEETS

Assignment Sheet #19

1. . 128

b. Yos
2.4 Decrease

b. Decrease
3. a. Zero

b. Zera

Assignment Sheet #20
1. a 20v negative
b. 20v positive
C. 40v positive
d. 60v positive
2 a Negative 50v
. b Negative 30v
C. Positive 30v
. Positive 70v
0. Positive 120y

Assignment Sheet #21

i.a Negative 10 volts
b. Positive 10 volts
C. Positive 20 volts
2 a 30
b. fa
C. v
d. 10v
£z, 10v

f)::-—
{J’}(.‘;
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ANSWERS TO ASSIGNMENT SHEETS

A {

) a. f
b £h
{ 1o
1} EY
te 12v
1 iy

b

13 B volis

7 N
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. CIRCUITRY
UNIT 11l

JOB SHEET #1 — VERIFY OHM'S LAW

A, Equipment and matetials needed
1. Regulated power supply
2. Switch (SPST)
3. Two resistors: By = 4.7K, 'Lowall mmirum; B = 1K, 1 watl.
4.  Muitimeter
B. Procedure
1. Measure and record the ohms value of the twa resistors

2. Connect a circuit as shown in the following schematic {(Fiqure 1.

Power ———
Supply T —

—mag

+ . _-_,@___._ et ‘]>

3. Close the switch and adjust the power supply output 1o 24 volts,

® Yy 1
R2

4. Use the volimeter to measure the following voltages:
Vi, = . Vi = N

5. Read and record the ammeter indication | =

6. Disconnect the circuit by opening the switch,

7. Use Ohm's law and compute:

k.
g = o in;: =_ .. b= = R

o= R-.)

8. Compare the values of the various curent computat-uns, and explain the differ-
ences, if any. in these values
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JOB SHEET #1

9. Return equipment and materials to their proper storage area.

(NOTE: The following questions may be discussed in class:

a. Is the current the same through ail components in a series circuit? Why?
b. Are the voltages the same across all components in a series circuit?
Why?)
5 B
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CIRCUITRY
UNIT 1l

JOB SHEET #2 — ANALYZE A SERIES CIRCUIT

A, Equipment and materials needed

1.

Regulated power supply

2.  Switch (8PS
3. Two resistors of the same value
4. One resistor of a ditferent value
5. Multimeter
(NOTE: Your instructor will give you the value of voltage and the value of resistors
to use.)
B. Procedure
1. Connect the circuit according to the following schematic.
— A 5 R4
hh e B C
Power Ro
Supply “PEL__ ANN——T]
{-————-——-«—-{ R3
2. Close the switch.
3. Use the voltmeter to read and record
EA S o —
Vi, = .
VP.;, = —— ——
VRB e
4. Add the voltage dips across the three resistors and compare the sum with the

amount of applied voitage.

D

LI A
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JOB SHEET #2 .

Compare the voltage drops across R, and R. having the same value of ohms and
with the voltage drop across the other resistor.

(NOTE: Discuss how applied voitage distributes itself across resistances of une-
qual or of equal value.)

Identiiy the most negative point in the circuit.

Return equipment and materials to their proper storage area.

rd N
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. CIRCUITRY
UNIT Il

JOB SHEET #3 — MEASURE VOLTAGE, CURRENT, AND
RESISTANCE IN A PARALLEL CIRCUIT

A Equipment and materials needed
1. 1.5 battery or equivalent
2. Two small resistors of equal value or two small lamps
(NOTE: Ask instructor to give values.)
3. Multimeter
4. SBwitch (SPST)
5. Wire to complete circuit
B. Procedure

1. Construci a parallel resistive circuit according to the schematic below,

e ’
o o
51
I l IRy 1 IR2
u— &
2.  Close switch §,
3. Measure and record applied voltage (E,).
4.  Measure and record voltage across Ry, and across R, _
5 Compare recorded voltages.

Are they all equal?

Explain why.

6. Open switch S,.

7. Connect ammeter in series with R..
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10.
11
12,
13.

14,
15.
16.

17.

18.
19.
20.

21,

23.
24.

25.

26.

27.

28.

JOB SHEET #3

Close switch S, and read and record current U e
Open switch S,

Disconnect ammeter from R, branch and connect it in series with R,.
Close switch S, and read and record current Updo o
Open switch S,.

Disconnect ammeter from R, branch. and connect it in series with the voltage
source {E;) and switch §,.

Close switch S, and read and record main current (14).. .
Open switch S,.

A+ ro ~rded currents 1y, and .. equal? Explain why or why not.__.

B s T T T U, -

Add I, and Ia,. Does the sum cqual 1;? Explain why or why not.

Close switch: it lamps were used fcr B, and R., note that both lamps are glowing.

Disconniect B, from circuit. .

Recor@ ammeter indication, and, if R, and R, are lamps. note any changes in R,
operation when R, {lamp) was removed __

Replace R,, and remove R, from circuit.

Record ammeter indication, and note any changes in R, operation. it applicable.

T e m e L v A A m ¢ st e

Reconnect R,.

Using voltmeter. read and record applied voltage (E,). Ey,. and

HP-N...._.__._._. Cem e

Using measured E, and I, compuie total resistance of the circuit
(Ry). -

Using me. sured vollage and current values, compute R, and R,. and from these
figurescompute Ry . S

If Ry and R, are lamps. expla:n changes in lamp oper~’ “n when one lamp was
removed fromthecireuit. __ . _ . S

——— e el e ——— et ¥ A raa e an % S AiA e e e P S it e A ?e® ~ ~ mrrv—

Return equipment and materials 1o their proper storage area.

‘,) ; LN

e Ve a,
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CIRCUITRY
UNIT 1H

JOB SHEET #4 — ANALYZE A SERIES-PARALLEL CIRCUIT

A Equipment and materials needed

1.

2.

3.

4

DC power supply
Muitimeter
Two 1000, one 1500, and one 2200 ohm resistors, Y»W or more

Switch — SPST

B. Procedure

1.

2.

Connect the resistors as shown in the schematic,

Adjust the power supply to 20V and ciose the switch.

Ry = 1KQ Ra = 1KQ

Rz = 2.2KQ

B4 = 1.5KQ
PS.

5
>

Meusure and record the voltage drop across each resistor (V4, V....).

Measure and record the current through each resistor (15, 1. . ).

Compute the power used by each resistor using the values measured in Steps 3
and 4 (P, = Eqly eted.

Measure and record £, and 1. .
Compute Ry using the measurements of Step 6. _

Compute R,, Ry, R3;, and R, using the voltage drops and currents measured in
Steps 3 and 4.

Compute R using the resistance values computed in Step 8. -
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JOB SHEET #4

10.  Return equipment and materials to their proper storage area.

(NOTE: The following questions may be discussed in class:

a.

Did the value of Ry computed in Step 7 differ from Step 97
Explain.

Why does the resistance computed using the voltage drop and current dif-
fer from the coior-coded value?

How much ditference do you think you can permit between the computed
and the color-coded values of a resistor? Why?

Does the total power (IE) equal the total power computed in Step 5?
Explen any differences.)




® CIRCUITRY
UNIT 1l

JOB SHEET #5 — CONSTRUCT A VOLTAGE DIVIDER AND
ANALYZE ITS FUNCTION

A Equipment and materials needed

1. DC power supply

2. Multimeter

3. One 1000 ohm and two 2200 chm resistors, '»W or more
B. Procedure

1. Connect the resistors in scries with the power supply as shown in the {ollowing
schematiy,.

R1 = 1KQ
o O——AnA - o A R
. PS Ry = 2.2KQ1 R = 2.2KQ
I -—e B -

2. Adjust the power supply to 20V.

3. Close the switch and measure and record Vi, and Vi,

4.  Connect the load across points A and B.

5 Read and record the voltage across R, and across R, with the load con-
nected. . __ —_—

6. Explain why Vi, changed when the load was connected and explain the direction
of the change. N

7. Explain the differences observed in V., with and without the load.

‘) { 1 e

Koy o}

BE-279
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JOB SHEET #5

B.  Return equipment and materials 1o their proper storage area.
(NOTE: The following questions may be discussed in glass:
a. Do series resistors cause voltage changes when 1o:ad currents change?

b. When the load is connected does the power supply “see” a series circuit
or a series-paratlel circuit?)
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. CIRCUITRY
UNIT i

NAME

TEST

1. Match the terms on the right with the s conect detinihions,

a. A circuit where the same current passes 1. Branch circuit
through each component

i~

Circuit breaker
— b An overcurrent profective device with an ele
ment that melts and opens the circuit when 3. Open circuit

overheated: this device must be replaced
4. Circuit analysis

SR o A circuit with no available path tor curtent to _ ' o
flow (infinite resistance) 5 Series circuit
B § A system of conductor:. through which an 6. Work

electric current is intended to flow _ _ .
7. Series-parallel circuit

S - A device designe to cwilch open a circuit .
automatically when a current overload 8. Shunt
exists; this device may be reset ,
9. Cucuit
S An electronic circuit which provides more
10. Power

than one path (or branch) for curtent to flow
— .. Applying Ohm's law and other rules to deter. 11+ Parallel circuit
mine the effect of gertain parameters on i

i 12. e
cuit variables 12, Node

SRR ¢ A circuit that contains some componenis in 13. Fuse
i 2 ar: \
series and some in paraliel 14 Watt
IO A junction point in a circuit at which current

divides into separate branches, ur reunites
from separate branches

B | Circuit originating from a main circuit, often
one of many
e K Circuit that bypasses ancther cireuit or

device, especially a low-resistance bypass
tor an ammeter circuit

unit of measute tor power
e—_-m.  The rate of doing work

n Amount of energy used oA specified e
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TEST
2. Select true statements conceraag vt
blanks preceding the frue statemnent

e 8L The sum of the voltage ™ moanne + e,
apphed voltage

N The volage 1o - Wred aorons vt re ot o
Kirchhotl's vioita: faw whon bogio 1000 Cinnenyg

R o Voltaqes added in scncs oan Do odnes vor o

3. Complete the following hist of stalementy GRS G Tt
Inserting the wordis) that brst conpbates oach ot tomen®

a. The sum of the resistance Je vagan 1oy

b. The resistance valiue of 5o grknewn ey
. law i e A

4. Select true statement - CONCETIING L Greend 0 v oy
blanks preceding the trye stiatronen-

e The current through s b re s e 0

b Totab curtent can b il vy Uit
resistance value,

5. Belect true stAtements, Contetinmg vonl e fov oot e

blanks preceding the true swlutemmenis
it The voRuGe vanes aorce . porade (o, .

b Branch elemente o o re e Sas g o iy g

PR The voltage ys the wave aoroo e g e o

6. Complete the tollowing hot of coterr g ey o
iNg the wordis) which Hest Cotnpne ten - o 1ot o, o

a. e tSoune ta et s g o e,

b. Hounentis not known i bt
total resistance.

C. Equal branch method ic aret 4one e

d. Unegual branch method v wse b 5o 1osa s oo

“

vaiue arc connecied in pa i

. R & STANE S0 L A PR P T VR e
the resistancsy of Gy one b

ERIC

Aruitoxt provided by Eic:

P T T the

P oreeontor oy gy the

ren Yo rrrated f_"') NG

SIAIR RS PR LA TSN FARI ¥ $10 55 0

Chieg o et appesang,

LAl i e senes cireud by

oo tanee

o

S bt ed by using

Sod el ate R e

. bl % - . .. . .
N EE T "lw_:

VU, vonbage drogs angd

Sy Loy s T the

N R e TS

! e T4 LRSI
s e e s empute
SRR Y LA T e IRYS BT
«f b
¥ TE 1

Py aa e dess IhOn




ERIC

Aruitoxt provided by Eic:

;,'

)

TEST

Lelect irae Ahatere sto s e g prees st pargdiel orcwt by placing o X7 in the
Plaphe procemtiny i e nt et

& + - + »

2 ottt L et Sa s trreuah cach branch,

The i et e e B caie e voltaos muiliphiend by the resistance
Cheorvan b e e e e s ol the branch currents i, + 1+

Coraphrne o fooesr s ot st romente o necrrrang vollage 'n g seres-paraliel circut
P st g thie Wl bk oy oo iebds) ench siatemoent,
} 4

Ry The v olooe arep gL Aty eoiddanss I a senies sinng 16 equal 1o the resist-
N e b curond of the sinngg

v Treedetar o tho it b e e o Ltnng enuads the . across

UG e T e Tt e o adied cirend by ndicating the tirst step
T T SRUTRLITA L FL S RN LT PRI S I UPY SO A NS TRVRSSVE 11 I8

N Plednan De vrcdmt et asndde renaston 1o represent each equivalent

et LT G ea ot resas e s gt oo rosistances to determine

A S I T LS B
Ry Hloane oot g o bt casinale ol resastance, Ry

Dttt e e e et g e et e e r o cpegaliel cifedt by placing an X0
iy e HOSEI ST ;w't, CEATAATO ERAATS ASY HIEEREIA R TN NE S
‘ Careere et Brana st wenies patallet crcunt cquals the vollage
e e pregn o s e By o total resistance i the branch,

1 Toalot " e oront eanun the oo st thes cuttends in each branch

K et e b b oh ad g wenes patalicl crcuit equals the voltage
acte s e derech B edod by Hie totad resistance in the branch.
Comnplede tine Sioemg e of siabements concerming characteristios of elecincal
LOWEe Dy rnertng e aonde s n o pest comgaieiesn ealh statement.

i The Dot oy ot e e S el tne 1 posser s the watt (W) and may be

\

A TR ST R O R RN RN A SRR FULTERT RN L ENEPPESTIES S

RS

1 Fovctryip oz on 30 s e at o by chorgyess moved by

BE-283
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12,

TEST

. Power (P)inan clectrcal circut iay be calculated by using .. . law,
expressed by three bhasic formulas,

P watts) = £ (volts) | (amperes)
P gn watts) = I jamperes) R (ohms)

. B qvolts)
Pan wattsy -2
( ) R {volis)

d. Power is dissipated in resistance inthe formof _____ __ __ and is made evi-
dent by a voltage drop across the resistance.

Select true statements concerning functions of a voltage divider by placing an X" in
the blanks preceding the true statements.

SR : A voltage divider does not allow tapping off of different voltac = for vari-
ous applications

.. b Chassis ground 15 often used as the zero reference point.
. T Tapped voltages may be either positive of negative.
¢ A load 1s connected in paraliel with the resistor from which the voltage is
tapped.
. e i the load draws apprecabie current, the voitage division ditfers from the

ao-load condition.

(NOTE: If the following activities have not been accomplished prior to the test, ask your
nstructor when they should be completed )

13.
14,
15.
16.
17.
18.
19.
20.
21
22.

23.

Determine total voltage i a senes cncit. iAssignment Sheet #1)

Determme voltage drops across resistances. (Assignment Sheet #2)

Determine the total resistance m a senes creuit {Assignment Sheet #3)
Determine current in a senes circuit, {Assignment Sheet #4)

Determine unknown citcunt values (Assigiment Sheet #5)

Determine unknown values in a resistive sehes circuit, (Assignment Sheet #6)
Compute the power dist.pated in a resistive series circuit. {Assignment Sheet #7)
Calculate cunrent and voltuge in parailel circuts. (Assignment Sheet #8)
Calculate resistance in parallel cicuits. (Assignment Sheet #9)

Calculate power m paralle! circuits {Assignment Sheet #10)

Calculate varinus values i parallel circuits. iAssignment Sheet #11)

a) -

L




24,

25.

26.

27.

28,

29.

30.

31

32

33.

34

BE-285

TEST

Trace current flow in series-parallel circuits. (Assignment Sheot #12)
Perform exercises in circuit reduction. (Assignment Sheet #13)
Solve for total resistance. (Assignment Sheet #14)

Solve for total curtent. (Assignment Sheet #15)

Solve for total voltage. (Assignment Sheet #16)

Solve for branch voitages and currents in series-parallel circuits. (Assignment Sheet
"N

Solve for multiple values of voltages and current. {(Assignment Sheet #18)

Answer questions regarding opens and shorts in series-patallei circuits. {Assignment
Sheet #19)

Answer questions about grounds and voltage polarity, {Assignment Sheet #20)
Analyze no-load and load circuits. (Assignment Sheet #21)

Demonstrate the ability 1o

a. Verity Ohm's lew. (Job Sheet #1)

b. Analyze a series circuit. {(Job Sheet #2)

o Measure voitage, current. and resistance in a paraliel circuit. (Job Sheet #3)
d. Analyze a series-parallel circuit. (Job Sheet #4)
e. Construct a voltage divider and analyze its function. (Job Sheet #5)

A

Q.
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. CIRCUITRY
UNIT Hi

ANSWERS TO TEST

1 ') 5’ h N
b, AR i 17
¢ 3 j. 1
d Q k. f
. < ] 14
f. 11 n 10
Q. 4 n B

e a.

3 a. Totad

b, Ohms, Kitchhotts
4 a. b
H I, ¢
b a Ohm's law
by Reciprocil
C. Baralie!
a. Unequal
'y Parallel rule
e T

i Multiphed

b Voltagn
0 a 4
by ]
« 5
d ?
2 3
10 b. ¢

11. a. Wattimeter
b Voltage
¢ Watt's
d. Heat

12. oo od e

13.-34. Evaluated to the satistaction of the instructior

34 Pertormance shills evaluated 1o the sabistaction of the instnsciorn

-~

L
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INTRODUCTION TO AC
UNIT IV

UNIT OBJECTIVE

After completion of this unit. the student should be abie to apply theoretical knowledge
related to alternating current, measdire alternating current, and convert from one AC measure-
ment to another AC measurement. Competencies will be demonstrated by correctly perform-
ing the procedures outlined in the [ob sheets and by scoring a minimum of 85 percent on the
unit test.

o SPECIFIC DBJECTIVES

After completion of this unit, the student should be able to;
1. Match terms related to introduction to AC with their correct detinitions,
2. Select true statemenis concerning principles of inductance.
3.  Select true statements concerning principles of capacitance.
4,  Match types of transformers with their correct ge
5. Calcuiate the power in three-phase circuits.
6. Arrange in order the steps for identitying three-phase transformer conaections,

7. olve problems converting from one AC measurement to another AC measure:
ment.

8. Select true statements concerning phase shifting.
9.  Discuss the relationshup between time and frequency.

10.  Identify comr-un types of filters.
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12.

13.

OBJECTIVE SHEET

Complete a list of statements concerning configurations of filters.
Identify types of single-phase transformer connections.

Demonstrate the ability to:

a. Measure alternating current voltages using a multimeter. {Job Sheet #1)

b. Measure alternating current using a muitimeter. {Job Sheet #2)

o Determine the configuration of a multiple-winding transformer. (Job Sheet
#3)



o
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INTRODUCTION TO AC
UNIT IV

SUGGESTED ACTIVITIES

Obtain additional materials and:or invite wesource peaple to ¢lass to supplementirein.
force information provided in this unit of instruction.

(NOTE: This activily should be completed prior to the teaching of this unit.)
Make transparencies from the transparency masters included with this unit
Provide students with objective sheet.

Discuss unit and specific objectives.

Provide students with information sheet.

Discuss information sheet.

{(NOTE: Use the transparencies to enhance the information as needed.)
Provide students with job sheets.

Discuss and demonstrate the procedures outlined in the job sheets.
Integrate the following activities throughout the teaching of this unit;

1. Use a triggered oscilloscope 1o show three-phase AC power. Set the trigger to tine
and scope cach phase {0 show the 120° phase relationship.

r3

Using an oscilloscope, demonstrate transformer frequency response.
3. Find examples of various types of capaciters and show them to students.

4. Meet individually with, studerts to evaluate their progress through this unit of
instiuction, and indicate 10 them possible areas for improvement.

Give te-st
Evaluate test.
Reteach if necessary.
INSTRUCTIONAL MATERIALS INCLUDED IN THIS UNIT
Obiective sheet

Suggested activitios
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0o

INSTRUCTIONAL MATERIALS INCLUDED IN THIS UNIT

inforoation shedt

Transparency masters

1 TM 1~ Three-Phase Voitage Curment, ard Power

2. TM 2 .. Procedure for Identitying Three-Phase Copne Hons

3. TM 3. Procedure for identifying Three-Phase Connections (Continued)
Job sheets

1 Job Sheet #1 — Measure Alternating Current Vollages Using a Multimeter
2. Job Sheet #2 — Measure Alternating Current Using a Multimeler

3. Job Sheet 43 - Determine the Configuration of a Multiple-Winding Transformer
Tew

Answers to test

REFERENCES USED IN DEVELOPING THIS UNIT

(NOTE: The following is a list of referunces used in completing this unit))

A.

Grob, Bermard. Basic Electronics. New York: McGraw-Hill Book Company,

Mileaf, Harry Eleciricity One-Seven. Hasbouck Heights NJ: Hayden Book Company.
Inc

New Mexico Vocational Industrial Safety Guide Santa Fe, NM: New Mexico State
Department ot BEducation.

Robertson, L. Paul. Basic Electromes | (Revised Edition). Stillwater. OK: Mid-America
Vocational Curriculum Consortium, 1082,

Sicbert. Leo N. Introduction to industrial Electricity-Electronics. Stillwater, OK: Okla
homa Curriculum and Instructional Materniais Center, 1981,

£7Y = a

-ff)
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D.

G.

H,

N.

INTRODUCTION TO AC
UNIT IV

INFORMATION SHEET

Terms and definitions

AC -+ Abbraviation for alternating current

Bleeder resistor --- A resistor that is placed in paraliei with a capacitor in
order 10 provide a discharge path for the capacitor when the power supply
is turned off

Capacitance ~ Property of a capacitor that opposes any change in voltage
Capamitor - Device used to store electrical charge

Capacior tester An instrument that measures capacitance in leakage
current

Choke - A coit of wire wound around an iron core or a form of insulating
material a number of times

Counter elpctromotive force (CEMFY — Voltage developed in an inductor
which is apposite that of the applied voltage at every instant

Cycle -- One cor e set of values for a repetitive wave form
Diiectric - Insulating substance between plates of a capacitor

Eiectrolytic. capacitor -— Capacitor that must be connccted in only one
direction, observing polarity

Electromotive force (EMF) — Force or voltage that causes curren! to flow
through a device

Farad - Unit of measure of capacitance
Fiter -- A device that reduces rapid variations in voltage or current by
restricting vanations from the circuit, bypassing variations from the circuit

or slowing rapid variations to a gradual change

Frequency -- The number of cycies per second for a wavefor,n with peri-
odic variations

Henry -~ Unit of measure of inductance

Hertz - Unit of frequency; one Hertz equals one cycle per second

Ay
27

BE-203
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AA,

BB.

CC.

INFORMATION SHEET

inductance ~- Propetty of an inductor that opposes any change in current
tlow

Inductor - Device used to concentrate magnetic lines of force

Induction .-~ Production of an electric charge or magnetic tield in a sub-
stance by an electric source, magne!. or magnetic field

Insulation — A substance that prohibits tiow of electricity

Lag or lead angle — The relative displacement between voltage and current
waveforms measured in degrees, one cycle is 360°

Leakage current — Undesirable current flow between capacitor plates gue
to inability of dielectric material to restrict that flow

Periot —~ The amount of time for one cycie

Phase — Source' of AC pewer; a relationship between time and AC wave
form or between AC wave forms

Reactance — Me:sure of AC opposition oftered by components such as
capacitors and inductors; meastred in units of ohms

Ripple — Variations in DC voltage

Seif-inductance — Conductors ability to induce voltage in itself when cur-
rent changes

Tank circuit -~ Ap inducior and cagacitor in parailel

Time constant - Time required for a capacitor or inductor to change by
63°% after a sudden rise or falt in voltage or current

Principles of inductance

A,

Self-inductance or inductance is the ability of a conductor to produce an
induced voltauc when current varios.

inductors resist rapid changes in the current flowing through them, and
allows DC current to flow.

Mutual inductance is the ability of a conductor to induce a voltage in
another nearby conductor.

Current lags voltage by 90° in a purely inductive circuit.
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. INFORMATION SHE..T

Il.  Principles of capacitance

A Capacitors have the ability to store a charge.

B. Capacitors are two conductors separated by ar insulator.

C. Voltage applied to a capacitor causes electron build up on the negative con-
ductor which will in turn force electrons on the positive conductor to be
repelled.

D. Voitage lags current by 90° in a purely capacitive circuit,

V.  Types of transforiners

A. Voltage transformer - Step-down transformer used to reduce high voltage
by a specified ratic

B. Current transformer — Step-down transformer used to reduce high current
and provide isolation from high voitages,; provides a fraction of current 12
gauge value of total current

. C.  Airncore transformer — Transformer without an ron or metal core; usually
applied to iow power, high frequency applications

D. Autotransformer — Transformer whose primary and secondary windings
are of a common core and share a common connection

(CAUTION: This transformer does not have an isolated secondary.)

E. lron-core transformer — Transformer having metal core usually made of
iaminations of iron or steel; usuaily applied to low frequency. high power
applications

F Toroidal transtormer — Transformer baving a ring-shaped core arourd

which windings are wrapped
G. Isolation transformer - - Transformer used to isolate circuits from a com-

mon grcund, from direct current potentials, or to improve power transfer by
impedance matching improvument, often providing no change in voltage

(CAUTION: An isolation transformer should be used betweaen tes! equip-
ment to avoid possible electrical shock.)

H. Variable AC transformer {(Variac) -~ Transformer which can be varied while
in operation

' (CAUTION: This transtformer does not have an isolated secondary.)
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L Step-down transformer — Transtormer used to reduce voltage while
increasing current capability above that of the source

J. Step-up transformer - Transformer used {0 increase vollage, while
decreasing current capatnlity of source

(NOTE: Because of the laws of energy conservation, step-up and step-down
transformers always decrease current for voltage or vise versa as measured
from the primary to the sccondary)

K. Spark coil — High voltage transformer, usually an autotransformer; often
used to develop high voltane ignition for gasoline engines and gas firing
devices

L. Booster transformer -— Additional transformer placed in a trarsmission or

distribution line to boost voitage to an acceptable level from a reduced level
caused by line length

V. Power in three-phase circuits (Tiansparency 1}

A Delta — Voltage across each load member is the full-line voltage; amperage
in each member is » 3 x line amps or 1.732 x amps

B. Wye -— Amperage in each member is full line amperage; voilage across
each member is \3 x line volts or 1.732 x line volts

(NOTE: To find the power in delta or wye circuits, use the formula P = | x
3 x E)

Example: A three-phase circuit has 10 amperes measured on each line.
The voltage is 480 volts. it is not known whether the circuit is
delta or wye. ‘What is the power of the circuit?

Solutiom: P = | x <3 x F

10 x 480 x 1.732

1

= 8,314 VA
= 8.3 kVA
VI.  Steps for identifying three-phase transformer connections (Transparencies 2 and
3)
A. Label circuit components and connection points
B. Resketch circuit so that connections along the same wire are all at one
point, looping wires as necessary and avoiding crost'ng wires as much as
possible
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C. Reskeloh ciurcwd, omittieg ooy wre e Jaes oot o ram eone device 1o
another
D. RearranQe components o ons o rnone kb etobes ontid the conbiguration 1s
determined

(NOTE" This procedisy & presente 1o S0 how (he names relate {o the
actual contiguritions and oo gprve o pracedare 10 use unli! contigurations
become readhly apparent merely upon ohservation)

Vii. Formulas for converting from one AC measurement to another AC measurement
{(NOTE: Meters automatically measure eHfective voltage. amperage, or power. and
conversion is not necessary. Osoitloscopes 0w plak-lo-peak values: however,
components are sometimes rated at maximum instanianeous current or voltage

rather than at an efiective value For these reasons, it is sometimes necessary to
convert values.)

. P
A, Convert from a4 PP voitage toa Fovoltage — Use the formula P = ?P

{(NOTE: Pgak voltaqe 1s one half of the PP voliage)

. Example. A voltage display on an oscoilloscope indicates o P-P voltage of
340 volts

PRI R
B. Convert from P to 2.8 yolteg Ueo the formuin PP = P x 2
(NOTE: P-P voitage 15 twice the amount of ook voltage )
Example:  Using the P yoeltage atbose of 170 voite,
PP =P xy
= 170V x ¥

= 340V

o
Y2
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C. Convert P-P voltage to etfective voltage — Use the tormula Eff = P x 707

(NOTE: Effective voltage is the root-mean-square value of the peak voltage.

Root mean square is the most common method o specifying the amount of

sine wave voltage which is 70.7% of the peak value)

Example:  Using the value above of 340 volts, P-P must be converted to a P
voltage as in A: then this P value is used to convert to effective
voltage.

Eff = P x .707
= 170 V x .707
= 120V

D.  Convert effective voltage to P-P voltage — Use the formula P = Eff x +3

Example: Using the value above uf 120 volis, first calculate for the P voit-
age, then for P-P voltage.

P=FEH x2

120V x 2

[}

= 169.7V or 170
PP=Px20r170V x 2
= 340 V
E. Convert P-P voltage to average voltage — Use the formula AVG = P x 636

(NOTE: Average voltage is the average of one alternation or a value of .636
of the peak vcltage.)

Example: Using the P-P value above of 340 volts, find the P value which is
170 volts. Then calculate for the average voltage.

Ave = P x .636

170 V x 636

]}

It

108 V

[ I
PN
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INFORMATION SHEET

F Convea the average voitaae (o o PP value - Use the lemuala P oo AVG x
{B72

Erampler Use the average value above of 108 velts

P = AVG x 1572
= 108V x 172
= 170 V
PP =P x?2
=17¢ =2
= 340V

Phase shifting

(INOTE: The e relationship between alternating voltages and cutrent can be rep-

resented by the phase angle indicaiad in degrees)

-
A, A purely resistive circant has O phase angle.
B. In a purely capacitive circast, current leads ~oftage by a phase angle of 90°.
C. In a purely inductive circuit. voltage ieads current by a phase angle of 890°.

Relationship between time and trequency

{(NOTE: Frequency measured in herty of ovclion per second (Cps) (8 inversely pro-

portional to time.)
A, T =11 Frequeongy = 104
Example: = 10K Hz7 Time = 1710000 H: = 1ims

B f=1!Time fi8

il

Example: s = 1o sccond = 17 000001 = 1M H-
C. T=(07360) x 1/1

Example. O = 07 and § = 60 Hr
T = (60360 " (1/60) = 2.77Tms

1

BE 209
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X. Common types of filters

A L-tilter
Cxamples: L ﬁ
U *
07]‘: RL or L RL
*— @ ®-
L1 Lo
B. T-filter
Exampie;
Ly L L2
—~C RL
& -8
C. 7r-fdter
Example:
L1
U e
J“T“’\"m Co =< RL
- .

Xi.  Contiqurations of filters
A, High-pass
1. Coupling capacitance in series with the load
2. Choke inductance in narallel with the load
B. { ow-pass
1. Choke inductance in series with the load

2. Bypass capacitance in paralle! with the load

1) ‘v

Q PORNPAR
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Xll.  Types of single-phase transformer connections

BE-301

{(NOTE: Transtormers shown are standard power distnbution types with two 120
VoIt secondary windings. A single winding or tero in paralle! will produce 120 volts.
Both windings in series witl produce 240 volts. Grounded terminals produce the

“neutral conductor™

A, 240 volts. two-wire

- 4
—-
240
e —
. - |
B. 120/240 voits, three-wire
* 1
- 120
ok
= 120
- '
C. 120 volts, two-wire
MO (
120
P -
o —

27

L)
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D

High voltage, Loosted by 240 volls

HV + 240

b T2V2A0 volts thre cowire with additional power capacity of two transformers
_@,\_ -
A )
!
- 120
’ !
_ 120
L |
- & { -
F 208 voltu, two-wire from 240 volt through autotranstormer
v, -
240 _
t ‘ 3 !
[ o
— t -

g‘).. )
L 51,
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Three-Phase Voltage,
Current, and Power

Delta

Full line
voltage is
directly across
each member

Full-line
| ) amperage

¢ is not through

each member

harane

Full-line current
is through
each member

Full line voltage
is not directly
across eash member

Q TM 1



BE-306

o Procedure for Identifying
Three-Phase Connections

Example A

Step A Step B

b ;_et ﬂ
IR YA AN

. |DEE Che

Step C Step D

w

ac

K YERORO
‘ll’ ‘l” ‘E" be ‘E" ) df

T™ 2



Procedure for ldentifying
Three-Phase Connections

6)¢

(Continued)
; Example B
Step A Step B
b '*4; ;b bdf
C
3 f -

Step C

bdf

255

BE-307
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® INTRODUCTION TO AC
UNIT IV

JOB SHEET #1 — MEASURE ALTERNATING CURRENT VOLTAGES
USING A MULTIMETER

A. Equipment and materials needed
1. Muitimeter with test leads
2. Alternate current power sources
Examples: 24-volt transtormer, rheostat
B. Procedure
1. Set multimeter controls to measure AC volls.

2. Measure "line vollage™ of power receptacle al the work Lench. {See diagram
below.)

(CAUTION: 120 voits can cause injury or death. Do not touch the metal parts ot
. the test leads while measuring.)

3. Record the readings below.

a. Voitage between slotted jacks et e

b. Voltage between longest slotted jack and ground jack . .

aa i e, - SRS S

C. Voltage between short slotted jack and ground jack . ______ e

——a o p—

=1l Long Siot

Short Siot
Ground Jack

(NOTE: If voltage is measured in Step 3b, the receptacle is wired incorrectly.
Notity your instructor.)

. 4.  Attach the equipment given to you by the instructor to specified power source.
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JOB SHEET #1

Measure output voltages.

Record data below for those devices specified by your instructor.

a. Voltage at setting specified by instructor . —
b. Transformer cutput voltage _ e
C. Rheostat output voltage at setting specified by instructor
d. Other devices or source of AC voltage
1) Name _ ___ _ _. .. R
2) Voltage ___ . — — _

{(NOTE: Show your resuits {o the instructor)

Return equipment and materials to their proper storage area.
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. INTRODUCTION TO AC
UNIT IV

JOB SHEET #2 — MEASURE ALTERNATING CURRENT
USING A MULTIMETER

A. Equipment and materials needed
1. Multimeter with test leads
2. Lamp base — 120 VAC
3. Lamp — 40 to 160 watts
4.  Lamp cord with 120 volt plug
B. Procedure
1. Connect lamp, multimeter, and plug in series.
{(NOTE: Have instructor check your circuit.)

2. Set multimeter for AC airperage measurement.

‘ 3. Plug circuit into 120 VAC receptacle, and measure the current; record measure-
ment below.
Lamp current = , amps

4. Muitiply amperage reading obtained in this job sheet by the voltage reading
obtained in Job Sheet #1, 3a.; record below.

Amps xvolts = _____ . watts

5.  Return equipment and materials to their proper siorage area.

0™

A VI ay
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. INTRODUCTION TO AC
UNIT IV

JOB SHEET #3 — DETERMINE THE CONFIGURATION CF
A MULTIPLE-WINDING TRANSFORMER

A, Equipment and maierials needed
1. Multimeter
2. DC power supply, or DC source (battery) — 12 to 24 volts, with test leads
3. Variable AC supply — 60 Hz, from 20 to 120 voits, with test leads

4. Multiple winding iransformer with diagram - 60 Hz, 120- to 240-voli primary,
step-down secondaries, wire leads attached

5. Wire markers (numbered tape markers) — At least halt as many as the number of
transformer connections

B. Procedure
. 1. Use wire markers to mark each transformer lead wire.

(NOTE: Use a number “2” and a number 10" to make 219, etc. Each wire shouid
have a gifferent number or a different pair of numbers))

2. Use the ohmmeter to identify which wires are interconnected.

f) r ,‘\
; L
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10.

JOB SHEET #3

Record the numbers in groups as shown in Figure 1

FIGURE 1

I5]
B

[8]
[58]
Q)
17
&
M

5 5
i
T PN P

[19]

Connect the transfor-ner to the AC supply or variac by connecting it to the group
that has only one pair, the heaviest insulation, is color-coded black, or is the mest
removed from the other leads.

(NOTE: This should be the primary input. Ask your instructor to check your work
before proceedin, to the next step.)

Separate the w-es s0 that their leads do not touch.

Turn the AC supply output control down to the minimum.

Turn on the power, adjusting the AC supply output for 20 volis.
(NOTE: Uz the voltmeter if the supply does not have a panel meter)
Use voltmeter to measure between wires within each group.

If any pair produces a reading of more than 20 volits, reconnect the power supply
to that pair.

Remeasure and record the voltage between each pair with each group as shown
in Figure 1.

&S
",



1.

12.

13.

14.

15.

16.

17.

JOB SHEET #3

Sketch each group from voltage rezdings.

(NOTE: The two having the highesi readings aie the outside ends of the wind-
ings: other measurements should be parts of thet total volitage.)

Disconnect the AC supply.
Connect one primary lead to the D2 supply.
Answer the following questions:

a. Do transformers operate on DC power?

b. It AC is constantly changing. is it significant to assign a polarity reiation-
ship to transtormer windings?

———— -

Connect the voltmeter between a pair of leads representing the ends of a wind-
ing.

Set the controls for 24 volts DC.
Turn on the DC supply and briefly touch the remaining transformer primary lsad

to the other DC supoly output terminal making contact for only a split second
while watching the voltmeter.

LD RS T

2
ELER A A B

8E-31F
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JOB SHEET #3 ()

18 If the voltmeter deflects toward upper scale (positive flash for digital meters),
return to the sketches you made in Step 11, and draw in and mark with a large dot
next to the number, the transformer lead connected 10 the positive voltmeter lead
as shown in Figure 2.

(NOTE: These dots are referred to as phasing dots and ate sometimes seen on
schematics.)

FIGURE 2
6.3V
6.3V
®
®

Pri. 120V E 12V
12V '
12V

19, Using the Step 11 skaetches, draw and mark with a large dot, the transformer lead
connected to the negative voltraeter lead if the meter indication terds to go off
scale or negative.

20.  Continue with Steps 17, 18, and 19 for each set of secondary end leads.

21.  Using the Step 11 sketches, draw in the transtormer primary.

22, Mark a large dot next to the lead conrected to the positive terminal of the DC
supply.

")}-\)-. .

n'».a-‘l&.'
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23.  Resketch the transiormer making all dot-marked leads at the top of the windings
as in Figure 2.

o

24.  Muitiply each AC voliage reading by six, because the input was only 20 voits in
the test, or s of 120 voits,

(NOTE: I the transformer has a 240-volt primary, multiply each voltage reading by
tweive.)

25.  Record the voltages on the new transformer sketch.
{(NOTE: Show your sketch to the instructor)

26.  Return equipment and materials to their proper storage area.

W
- ?




Maich the terms on the nght with their correct definitions.

INTRODUCTION TO AC
UNIT IV

NAVE

TEST

{NOTE: Answers {o questions a.-k. appear on this page.)

..a

o

[

Source of AC power; relationship between
time and AC waveform, or between AC
waveiorms

A device that reduces rapid variations in
voltage or curren! by restricting variations
trom the circuit. bypassing variations from
the circuit or slowing rapid variations to
gradual chanqges

Measure ol AC oppaosition offered by com-
ponents such as capacitors and inductors:
measuted in units of ohms

The relative displacement between voitage
and current waveforms measured in
degrees; one cycle is 360 degrees

Time required for a capacitor or inductor 1o
change by 63% after a sudden rise or fall in
voltage or current

Device used to concentrate magnetic lines
of torce

Property of an inductor that opposes any
change in current tlow

Production of an electric charge or mag
netic tield in a substance by an electrical
source, magnet, or magnetic field

Conductin’s ability to induce voltage in itself
when current changes

Force or voltage that causes current to flow
through a device

Voitage developed in an mductor which is
opposite that of the applied voltage at every
instant

6y,

P ] vl

i

e
b

O L B N O 0 > w
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. Time constant

Lag or lead angle
Inductance
Selt-ingictance
Inducic,
Electromotive force
Filter

Reactance
Induction

Counter electromo-
tive force

. Phase
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(NOTE: Answers to questions i.-cc. appear on this page.)

?
]

— L

aa.

bb.

..-GC.

A coil of wire wound around an iron core or
form of insuilating material a number of
times

Unit of measure of inductance

A substance that prohibits flow of eiectricity

Insulating substance between plates of a
capacitor

Undesirable current flow between capacitor
plates due to inability of dielectric material
to restrict that flow

An instrument thit measures capacitance
and leakage in current

Capacitor that must be connected in only
one direction, observing polarity

Unit of measure of capacitance

Variations in the DC voltage

A resistor that is placed in parallel with a
capacitor in order to provide a discharge

path for the capacitor when the power sup-
ply is turned off

Abbreviation for alternating current

The number of cycles per second for a wave-
form with periodic variations

Property of a capacitor that opposes any
change in voitage

One complete set of values for a repetitive
waveform

Unit of frequency; one of these equals one
cycle per second

Device used to store electrical charge
The amount of time for one cycie

An inductor and capacitor in parailel

12.
13.
14.
15.
16.
17.
18.
19.

21
22,
23.
24.

26.
27.
28.

Choke
Dielectric

Henry
Insulation
Electrolytic capacitor
Farad

Bleeger resistor
Capacitor tester
Tank circuit
Leakage current
Period
Capacitance

Hertz

. AC

Capacitor
Cycle
Frequency

Ripple
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2. Select true statements concerning principles of inductance by placing an "X" in the
blanks preceding true statements.

— A Self-inductance or inductance is the ability of a conductor to produce an
induced voltage when current varies.

—b Inductors resist rapid changes in the current flowing through them, and
allows DC current to flow.

Mutuai inductance is the ability ot a conductor to induce a voltage in
another nearby conductor,

—d Voltage lags current by 90° in a purely inductive circuit.

3. Select true statements concerning principles of capacitance by placing an “X" in the
blanks preceding true statements.

— e AL Capacitors have the abiliiy to store a charge.

— b, Capacitors are two conductors connected by an insulaior.

— . _.C. Voitage appiied to a capacitor causes elect,on build up on the positive
conductor which will in turn force eiectrons on the negative conductor to
be repelled.

. — 1. Current lags voitage by 90° in a purely capacitive circuit

4. Match types of transformers on the right with their correct descriptions.

—— e Step-down transformer used to reduce high 1. Air-core transformer
voltage by a specified ratio

2. Toroidal transformer
R X Step-down transformer used to reduce high
current and provide isolation from high volt- 3. Spark coil
ages; provides a fraction of current to gauge
value of total current 4. Booster transformer
—.. . Transformer without an iron or metal core; 5. Step-down  t{rans-
usually applied to low power, high frequency former
applications
6. Voltage transtormer
SR ¢ § Transformer whose primary and secondary

windings are fa common core and share a 7. Step-up transtormer
common connection
8. Isolation transformer
€. Transtormer having metal core usually made
of laminations of wron or steel; usually 9. lron-core transformer

applied to low trequency, high power appii-
calions 10. Current transformer

i Transformer having a ring-shaped core  11. Variac
around which windings are wrapped

. 12, Autotransformer
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——— Q. Transformer used to isolate circuits friom a
commeon ground, from ditect cuntent poten
tiale, or to improve power transfer by impe-
dance matching improvement, often
providing no change in voltage

I o B Transformer which can be vaned while in
operation

B N Transformer used to reduce voltage while
increasing current capability above that of
the source

— ) High vollage transformer, usually an auto

transformer: often used to develop high volt-
age ignition for gasoline engines and gas
firing devices

K. Anditional transtormer placed in a transnus-
sion or distribution line to boost voitage o
an acceptable level from a reduced level
caused by line length

———————

I Transtormer used to increase voltage while
decreasing current capability of source

5. Calculate the power in the three-phase circuits in the tolluwing problems.

a A delta connected transformer has 5 amps on each fine. The vollage is 208 volts.
What s the power of the circust?

Power =

P
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b. A wye connected transformer has a voltage of 120 volts with 3 amps on each
lead. What is the power of the circuit?

Power = _

B.  Arrange in order the steps in identitying three-phase transtormer connections. Write a
"17 betore the first step. a “2" before the second step, and so on.

— A Rearrange components in one nr more sketches until the contiguration is
deter: nined.

SRS, ¢ X Label circuit components and connection points.

e G Resketch circuit so that connections along the same wire are all at one
point, looping wires as necessary. and avoiding crossing wires as much as
possible.

‘ e d Resketch circuit, omitting any wire that does not go from one device to
another.

7. Solve problems converting from one AC measurement to another AC measurement.

a. A technician has measured an AC signal on the oscilloscope as 200 volts peak-
to-peak. What is the effective voltage of that signai? | _

b. An glectronic component is rated as being capable of operating «t a%ernating
voltages that average 30 volts. What peak-to-peak voltage is this equal 10?
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Positive alternations of an AG power source are found to be 150 volts in ampli-
tude from zero-to-peak. What is the rme value of the original AC power saurce?

e s e e WE T T v T AN o ReRoan s e boas B .- = o imee e e m . ama e e e m A v e

An ammeter measures 10 amperes rms in a motor circut. What is the zero-to-
peak value of the current?

true statements concerning phase stufting by placing an »X" in the blanks pre-

ceding the true statements.

AL A purely resistive circuit has +980° pnase angle.

S o X in a purely capacitive circuit, voltage leads current by a phase angle of
ape.

—C. In a purely inductive circust, current leads voltage by a phase angle of 45°,

Discuss the relationship between time and frequency.
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identity common types of filters by writing the correct answer in the blank below each
filer. L

—a0 .—————i | — , @

{filter U !
T-tilter —d
T-filter Coa< ZRL or L RL

> ] [ 2 .

L1 Lo
a
L1

W

= < SR

TCT C225
o 4 »

b e e

Complete the following list of staterments concerning configurations of filters by insert-
ing the word which completes each statement.

a. High-pass

1Y Coupling capacitancein _ __ .. __ withthe joad
2)  Choke capacitance in ____.. ___. ___ _with the load
b. Low-pass
1) Choke inductance in .. .. ___ . . withthe load
2) Bypass capacitance in _____ _ ___._ with the load
el

BE-325
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12.

b.

Fa

TEST

Identity types of singie-phase transtormer connections. Write the correct answer in the
blank below each connection.

240 volts, two-wire 120/240 volts, three-wire with
additional power capacity of two

1207240 volts, three-wire transformers

120 volts, two-wire 208 volis, two-wire from 240 volt

through autotransformer
high voltage, boosted by 240 volts

HV + 240

N s s S e S et + et e e+ e 4 b s e e e oo e

} [
-._q 3 ) 120
3

- ow
a A
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f.

—— T e e G e mitmen tm e mt L e v ¢ ——— e > ot S e e e e —

(NOTE: If the following activities have not been accomplished prior to the test, ask your
instructor when they should be completed.

15.  Demonstrate the ability to:
a. Measure alternating current voltages using a multimeier. {(Job Sheet #1)
b. Measure alternating curremt using a multimeler. (Job Sheet #2)

o Determine the configuration of a multiple-winding transformer, {Job Sheet #3)

Lad -
L
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° INTRODUCTION TO AC
UNIT IV

ANSWERS TO TEST

i a. i1 ' 4 Q. 19 y. 27
b, 7 J. 6 r 16 2. 24
C. 8 k. 10 5, 17 aa. 26
d. 2 ] 12 t. 290 kb, 22
. 1 m. 14 L. i8 o 20
1 5 n. 15 V. 25
g. 3 0. 13 W. 28
h. 9 p. 21 X. 23
2 a. b«
3. a
4. a ] g. 8
b. 10 h 11
' i 5
d. 12 I 3
e. 9 k. 4
{. 2 I 7
. 5 a 1.8 VA
. 623.52 VA
6. A 4
L. 1
o 2
d. 3
7. & 0.7V
by, 94.3V Pk-Pk
C. 106.06 V
d. 14.14 Zero-to-Peak
. None are true
9. T = VFrequency = 11t
f = 1Time = s
T = (0360 x 1/
10. o 7 filter
b. Ldilter
G. TSilter
it a 1y Series
2 Parailel
1. 1t  Series
. ) Paratiel
L Y
i,
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ANSWERS TO TEST

12, a Hiah voitage. bousted by 240 volts

b 1e0/240 volts, three-wire with addtional power capacity of twe transtormers
C. 240 volts. two-wire

d. 120 volts, two-wire

0. 208 volts. two-wire trom 240 volt through autotransformey

{ 1201240 volts, threewire

13, Pertormance skills evaluated to the satistaction of the instructior




CIRCUIT COMPONENTS
UNIT V

UNIT OBJECTIVE

After completion of this unit, the student should be able to troubleshoot circuit components.
Competencies will be demonstrated by correctly performing the procedures outlined in the job
sheets and by scoring a minimum of 85 percent on the unit test.

SPECIFIC OBJECTIVES

Atter completion of this unit. the student should be able to;

1.

2.

Match terms related fo circuil components with their correct definitions.

Select equipment used in measuring quality components.

Complete a list of statermnents related 1o sensary factors in troubleshooting circuit
components.

Demonstrate the abiiity to:

a.

b.

C.

d.

Test and acceptireject, replace cells. (Job Sheet #1)

Test and accepiireject, replace lamps. (Job Sheet #2)

Test and accepl/reject. replace switches. (Job Sheet #3)

Test and acceptireject, replace resistors. (Job Sheet #4)

Test and acceptireject, replace fuses and circuit breakers. {(Job Sheet #5)
Test and acceplireject, replace capacitors. i.iub Sheet i)

Test and acceptireject, replace coils. (Job Sheet #7)

l) N i.~}

w i
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OBJECTIVE SHEET

Test and acceptireject, replace transformers. (Job Sheet #£)
Analyze the effects of temperature on a thermistor. (Job Sheet #9)
Test and acceptireject, repair cables and wires. (Job Sheet #10)
Test and accept/reject. rep'ace relays. (Job Sheet #11)

Test and acceptireject, replace solenoids. (Job Sheet #12)




mL o @

m

CIRCUIT COMPONENTS
UNIT V

SUGGESTED ACTIVITIES

Obtain additional materials and/or invite resource people to class to supplementirein-

torce information provided in this unit of instruction.

(NOTE: This activity shouid be completed prior to the teaching of this unit.)
Provide students with objective sheet.

Discuss unit and specific objectives.

Provide students with information sheet

Discuss information sheet.

Provide students with job sheets.

Discuss and demonstrate the procedures outlined in the job sheets.
Integrate the follr.wing activities throughout the teaching of this umit:

1. Zonnect eircuit to provide enough current to burn out resistor to demonsirate the
odor that it emits.

2. Connect circui! to overdrive a transformer 1o demonsirate the sound of a trans-

former.

3. Meet individually with students to evaluate their progress through this unit of
mstruction. and indicate to them possible areas for improvement.

Give test.

Evaluate test
Reteach if necessary.
INSTRUCTIONAL MATERIALS INCLUDED IN THIS UNIT
Objective sheet
Suggested activities
intormation steet
Job sheets
1 Job Sheet #1 — Test and AcceptiBReject. Replace Cells

2. Job Sheet #2 - Test and Accept/Beject, Replace Lamps
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INSTRUCTIONAL MATERIALS INCLUDED IN THIS UNIT

3 Joh Sheet 3 - Test and Accept/Reject. Replace Switches

4 Job Sheet &5 — Test and AcceptReiect, Replace Hosisions

Do Jdob Sheet #4 - Test and AcepetRBoejert. Heplace Fuses and Croumt Broakers
€ Job Sheet 86 - Tost and AcceptReject, Beplace Capacitors

7. Job Sheet #7 - Test and AcceptiReject. Replace Coils

8 Joh Sheet #8 - - Test and AcceptiReject. Replace Transiommers

4 Job Sheet #9 -~ Analvee the Effects of Tomperature on a Thermistor
10, Job Sheat #10 - Test and Accept Bewect. Bepair Cables and Wireo
11 Job Gheet #11 - TJest and AcceptReject. Replace Relays
12, Job Shest #12 - Test and Accept'Rejeat. Beplace Solenuids

Test

ANswOrs 10 test

REFERENCES USED IN DEVELOPING THIS UNIT

INOTE The tollowing is a list of references used in completing this unit )

A

3

C.

Grob, Bernard, Basic Flectromes New York MeGraw-Hili Book Co

Hubert. Charles. #reventive Maintenance of Electrical Equipmient New York: MeGraw-
Hili Book Co.

Mileat. Harry Electricity One-Seven, Hasbouch Hewahts, NJ. Hayden Book Company.
Ing,

New Mexico Vocatonal industrial Safety Gude Santa Freo NM- Now Mexico State
Department of BEducabon.

Sieboert. Leo N introduction to Industual Electricity-Flecironics, Stillwatern QK Okla-
homa Curiiculum and instruchionad Materials Ceontern 1981,




CIRCUIT COMPONENTS
UNIT V

INFORMATION SHEET

Terms and definitions

A

C.

Alkaline celi - - Can provide up to seven times the service of a carbon-zinc
cell: output voltage is 1.5 volts; can be either primary or secondary cell

Battery ~ A group of cells connected on a series or parallel circuit

Carbon-zinc dry cell — Most common type of dry cell; nominal output voit-
age is 1.5 volls

(NOTE: Common sizes are D, C, AA, and AAA)

Continuity - A condition which restilts in a complete path tor current to
flow

(NOTE: A continuiy test will have a reading of zero chms.)
Cycling ~ The process by which a battery is discharged and recharged

Discharqae — To remove electrical energy from a charged body (capacitor or
hattery)

Dry cell - A nonrechargeable source of electrical energy produced by
chemical action

Electrolyte — A substance which. in solution, is dissociated into ions and
is capable of conducting an electrical current

Fusible resistor — A resistor for protecting a circuit against an overload

Lead-acid wel cell — Most commonly used for autoinobile battery; nominal
output voltage is 2.1 voits; can be constructed in combinations of three (6
volt) or six cells {12 volt) batteries: lead-acid is a secondary cell and can be
recharged

Lithium cell -~ Has high output voliage, long shelf lite, low weight, and
small volume; output voltage is either 2.°.v or 3.7v. depending on the electro-
lyte: shelt lite is ten years or more.

(CAUTION: Lithium is a very active chemical, and can have an explosive
reaction that may occur without warning during use or storage.)

BE-335



i

u

INFORMATION SHEET

Magnetic switch -+ A solenond which performs a simple funchion, such as
opening or closing a switch

Open (open cirewt) - - A condition thal cecurs when acorawt s broken ihro-
Ken wire Or open swite b that intertopts current tow

Primary cell - Battery that can not be recharged

Relay —— An electricar switch which opens @ | closes a circuit automati-
cally

Secondary cell - Battery that ¢ rechargoed
(NOTE: This 1s also called a storage cell)

Shelf tite - Length of time a component can be stored betore its operating
charactenstics start 1o degrade

(NOTE: The sheif life of dry colls can be extended by storing at a tempera-
ture between 40-50°F)

Short (short circuity -+ A conditon that vcouws when a circuit comes into
contact with another part of the same crcwt, causing a changein either cir-
cuit resistance or Curtent

Solenowd — An electiomagnet consisting of & coil with a moveabie core: as
current flows throuah the cod, the cors moves, performing a mechanical
action,

Switch - A mechamcat or olectnical dovice which breaks ot completes a
path for electneal current ot rnutes it over a different path.

Thermustor - A temperature coropensahng resistor where the resistance
varies with the temperature

Equipment used in measuring circuit components

Ohmmeter -~ Used 10 measure resistance of tost {or continuity
Voltmeter - Used to measure voilage
Ammeter - Used to measure curnent How

Continuity light -~ Used 10 check for a completed cirount
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INFORMATION SHEET

Sensory factors in troubleshooting circuit componsnts

A

B.

Look for smoke, and discolored, swollen, or burnt components.
Check for hot components.

{(NOTE:; Some components operate warm. If a component is too hot to
touch, it may be defective.)

(CAUTION: Some electronic components may generate a great desi ¢ f heat
before burning ous. This can cause serious burns to your hands.)

Check component for the smell of burnt wax or plastic. This indicates it has
overheated.

(NOTE: The equipment may still operate temporarily before total failure. if
s50. locate any smoking ccmponents which may indicate a section to start
troubleshooting.)

Listen ‘or a hissing or sizzling sound. This may either be a resistor burning
out or .. capacitor shorting out. A high pitch whine is usually an inductor or
transformer becoming defective.

LS
L
Yew %
pa
~
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CIRCUIT COMPONENTS
UNIT V

JOB SHEET #1 — TEST AND ACCEPT/REJECT, REPLACE CELLS

A Equipment and materials needed

1.

2.

5.
6.

Hydrometer

Multimeter

9-volt battery (carbon-zinc or aikaline cell)
1K ohm resistor

12-volt car batiery (lead-acid wet cell)

SPST switch

B. Loaded voltage test procedure

1.

2.

Using the 9 volt battery and the voltmeter, measure and record the unloaded voit-

age.

Battery voltage unioaded =

Gonnect the circuit below.

-r————® — oo

—~—

With the switch closed, measure and record the loaded voltage and the circuit
current.

Batlery voitage loaded = ____|

Battery current loaded =

Calculate the internal resistance of the battery.

- V{unloaded) — V(loaded)

R, e
l(loaded)

€Y o ey

| O )
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JOB SHEET #1

5. Using the following chart(s), determine whether the battery is
Good or Bad___

CELL CHARACTERISTICS

Cell internal Current Life
Size Resistance Drain{ma) Hours

N 0.69 Ohm's 1.5 275

7.5 52

15 24

AA 0.29 Ohm's 3 350

15 40

30 15

AAA 0.44 Ohm's 2 290

10 12

20 17

C 0.47 Ohm's 5 420

25 100

50 40

D 0.27 Ohm’s 10 500

50 105

100 45

TYPICAL CELL VOLTAGE RATINGS

Voltage B ings

Type of Cell No Load Loaded Discharged
Copper-zinc sulfuric acid, primary

wet cell 1.08 1.008 08
Carbon-zinc-chromic acid, pri-

mary wet ceil 2.0 1.0 1.7
Carbon-zinc-ammonium chioride,

primary dry cell 1.5 1.4 1.2
Mercury-zinc-potassium  hydrox-

ide, primery dry cell 1.34 1.31-1.24 1.0
Lead-acid storage cell 2.1 2.0 1.75
Nickel-iron, alkaline storage cell 1.37 1.3 1.0
Nickel-cadmium, alkaline storage

cell 1.3 1.2 1.0
Silver-zinc, alkaling storage cell 1.95 1.86 1.6

7 -
L
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JOB SHEET #1

C. Specitic gravily test procedure

1.

2

Obtain car battery from instructor.
Remove the lid from the cell t0 be tested.

{CAUTION: Be extremely careful not to spill any fluid on your clothes or skin. Do
not biow into the cell as fluid may splash back into your eyes.)

Compress buib syringe on hydrometer and insert into cell.
Release bulb and allow to fill with fluid.
Remove the hydrometer and check the level on the graduated scale.

Check the scale reading against the table below and determine the amount of
charge. .

—t——

SPECIFIC GRAVITIES

From To Charge

1.260 1.280 100%

1.230 1.250 75%

1.200 1.220 50%

1.170 1.190 25%

1.140 1.760 Very little useful capacily
1.110 1.130 Discharged

Return equipment and materiais to their proper storage area.
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o CIRCUIT COMPONENTS
UNIT V

JOB SHEET #2 — TEST AND ACCEPT/REJECT, REPLACE LAMPS

A, Equipment and rmaterials needed
1. Ohmmeter
2. Continuity light
3. Assorted good and bad lamps

B. Procedure

1. Connect the chmmeter as shown beiow.

- -
L X P
»
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JOB SHEET #2 .

2. Accept if the ohmmeter indication is near zero.

3. Reject if the ohmmeter indication is near infinite.

4. Connect the continuity light in place of the ohmmeter.
5. Accept if continuity exists.

6. Return equipment and materials to their proper storage area.

- -
LY W)
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- ) CIRCUIT COMPONENTS
UNIT V

JOB SHEET #3 — TEST AND ACCEPT/REJECT, REPLACE SWITCHES

A. Equipment and materials needed
1. Ohmmeter
Continuity light
SPST wall switch

2
3
4.  Push button switch
5. Toggle switch
6. Micro switch
7 Rotary switch multiposition
8. Any switch mounted in a non-powered circuit
B. Procedure

1. Connect the ohmmeter to the SPST switch as shown below.

o

(NOTE: For switches with multipositions, test each position {or proper opera-
tion.)

Place switch in the “oft” or "open™ position.
Check for an ohmmeter reading of infinite resistance.
Place switch in the "on” or “closed” position.

Check for an ohmmeter reading of zero resistance.

e v oa w N

Acce%t if all of the above conditions are met; otherwise, reject or replace the
switch,

~

Repeat Steps 1 through 6 for each switch.

8. Use the continuity light in place of the chmmeter and repeat Steps 1 through 7,
checking for continuity in the “on™ or “closed” position.

9.  Return equipment and materials to their proper storage area.

o
S
ro
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. CIRCUIT COMPONENTS
UNIT V

JOB SHEET #4 — TEST AND ACCEPT/REJECT, REPLACE RESISTORS

A. Equipment and materials needed
1. Multimeter
2. Assortment of resistors

3. Potentiometer

>

Rheostat
B. Procedure
1.  Determine the value of each resistor given and enter this value in Table 1.

2.  Using the tolerance of each resistor, determine the maximum and minimum
value for each resisior. Record this value in Table 1.

3. Connect the ohmmeter as shown in Figure 1.

FIGURE 1

()
A\

4. Read tne measured value of each resistor and record in Table 1.

5.  Indicate whether the resistor is within tolerance by recording an (A) accept or (R)
reject in Table 1.

6. Read the value of the potentiometer from the case and record the value in Table
1.

7. Connect the potentiometer as shown in Figure 2.
FIGURE 2

8. Measure the total resistance of the potentiometer and record in Table 1.

PR
b v o
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14,

16.

JOB SHEET #4

Connect the potentiometer as shown in Figure 3,

FIGURE 3

Turn the shaft {o vary the resistance, and observe if there is a smooth increase
and decrease in resistance as the shaft is turned.

i resistance movement is not smooth (ohmmeter reading jumps in resistance as
shaft is turped), indicate (R) reject in Table 1.

Read the value of the rheostat trom the case and record the value in Table 1.
Connect the rheostat as shown in Figure 4.

FIGURE 4

Fon
N

Turn the shaft to vary the resistance, and observe if there is a smooth increase
and decrease in resistance as the shatt is turned.

I resistance movement is not smooth {chmmeter reading jumps in resistance as
shatt is turned), indicate (R! reject in Table 1.

TABLE 1

R ———

Colar Goude Minimum Maxinum Measured Accepl/
Valup Resistance Resistance Resistance Reject

man e e i — ey

Fﬁesismr 1

Resistor 2

Hesistor 3 _ -

| Resistor 4

Resistar 5

' Hesistor 6

Hosistor 7

Hesistor 8

| Resistor 9

| Hesistor 10 b

Potentiomeler

Rheostal I do

Return equipment and materiais 1o their proper storage area.

iy .
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‘ CIRCUIT COMPONENTS
UNIT V

JOB SHEET #5 — TEST AND ACCEPT/REJECT, REPLACE FUSES AND
CIRCUIT BREAKEPRS

A. Equipment and maienals needed
1. Multimeler
2. Continuity light
3. Assorted good and bad fuses
4.  Circuit breaker
B. Procedure
1. Connect tbe ohmmeter as shown in Figure 1.

FIGURE 1

AWG

()

2. Accept if the ohmmeter indication is near zero.

3. Reject if the ohmmeter indication is near infinite.

4.  Connect the continuity light in place of the ohmmeter,
5. Acgept {contlinuity exists,

6. Connect the ohmmeter to the circuit breakes ar. shown in Figure 2.

3

FIGURE 2

(‘} ;; 'u_
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10.

11.

12.

JOB SHEET #5

Place the circuit treaker in the "oft” or “open” position
Check for an ohmmeter reading of infinite resistance.,
Place circuit breaker in the “on” or “closed” position.
Check for an ohmmeter reading of zero resistance.

Accept if all of the above conditions are met; otherwise. reject or repiace the cir-
cuit breaker.

Use the continuity light in place of the ohmmeter and repeat Steps 7 through 9
checking for continuity in the “on” or “closed™ position.

(NOTE: A circuit breaker which indicates it is good by this test should also be
checked under operating conditions.)

Return equipment and materials to their proper storage area.

:"} .
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CIRCUIT COMPONENTS
UNIT V

JOB SHEET #6 — TEST AND ACCEPT/REJECT. REPLACE CAPACITORS

A. Equipment and materials needed

1.

2.

Muitimeter

Three known, good capacitors (large. medium. small, ©.q. tess than 0.1,
Shorted capacitor

Open capacitor

Leaky capacitor

B. Hrocedure

1.

2.

Place the ohmmeter leads across the large {good) capacitor,

Note the swing of the needle across the scale to zero and its return to infinity as
the capacitor is charged by the ochmmelter battery.

Repeat Steps 1 and 2 with the medium and with the small (good ) capacitors.
(NOTE: Notice the smaller deflection of the needi¢ during charge.)
Place the ohmmeter leads across the open capacitor,

(NOTE: Notice the lack of any deflection of the ohmineter nieedle, indicating no
current path.)

Place the ohmmeter leads across the shortea capacitor.

{NOTE: Notice that the needle indicates zero ohms resistance {no return toward
infinity and thus no charging of the capacitor plate. )

Place the ohmmeter leads across the leaky Gapucior,

{NOTE: Notice the return of the needie to some specific resistance indication
rather than a return to infinity.)

Place the ohmmeter leads across the medium sized (good) capacitor and permit
the indication to return to infinity.

Reverse the chmmeter ieads and observe the difterence in imtial ohmmeter nee-
die indication.
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JOB SHEET #6

8. Repeat Steps 7 and 8 using the smal} {good) capacitor,
10. Discuss your findings with your instructor.

1. Return equipment and materials to their proper storage area.

o)" K
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. CIRCUIT COMPONENTS
UNIT V

JOB SHEET #7 — TEST AND ACCEPT/REJECT, REPLACE COILS

A, Equipment and materials needed
1.  Inductance meter
2. Inductors — Type determined by your instructor
3. instruction bookiet

B. Procedure

1. Use the instruction bookiet to review the ogperating instiuctions for the induc-
tance tester.

2.  Follow the operating instructions for use of the inductance tester.
3. Measure the inductance of the inductor.
4. Record the value below.

@ .

—
e e i e iy o S et e e, < o P . A - A m 24 i £

5. Make a ringing test on the inductor.
6. Does the inductor meet specifications? _____ . __ ..
7. Repeat Steps 3 through 6 for each inductor being tested.

8. 3ecord values below.

Induciance . Ringing Test
Inductance . ... RingingTest ____  __ _ _ _
Inductance . Ringing Test

9. Compare the inductance reading with the v:ilues of the inductors.
{NOTE: Show your resuilts to the instructor.)

10.  Return equipment and materials to their proper storage area.
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¢ CIRCUIT COMPONENTS
UNIT V

JOB SHEET #8 — TEST AND ACCEPT/REJECT, REPLACE
TRANSFORMERS

A. Equipment and materials needer
1. Miltimeter
2. Multilead transformer
3. Six inch strip of masking tape
4. Pen or pencil
B. Procedure
1. Determine the primary side of the transformer by color code if possible.
{NOTE: Color code for power transformers is as follows:
Primary without center tap — Both black
Primary with center tap — Common = Black
Tap = Black and yellow
End = Black and red)

. 2. I color codin? cannot be read, then tag each iead of the transformers with a
small piece of tape and label them A — Z

3. Connectthe common lead of the ohmmeter to lead A, and the red lead to B. If the
ochmmeter indicates low resistance, draw the symbol for an inductor with one
end as “A” and the other as “B”, o1 whichever fead is being tested.

Example:

4. Repeat Step #3 for all unidentified leads.

5. Once all leads have been identified, check for any shorts tu the core by connect-
ing the common ochmmeter lead to the core and the red ohmmeter lead to each of
the other transformer leads.

(NOTE: If leads cannot be identified, this indicates an open position.)

6. Return equipment and materials to their proper storage area.

330
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B.

CIRCUIT COMPONENTS
UNIT V

JOB SHEET #9 — ANALYZE THE EFFECTS OF TEMPERATURE

ON A THERMISTOR

Equipment and materials needed

1. Multimeter
2. Thermisior (A919a)
3. Heat source
Procedure
1. Connect the thermistor as shown below,
2 Ohms
< O
/
2.  Set the multimeter to read ohms at a range that will show an indication at the
highest value of the thermistor.
3. Heat the thermistor and observe the ohmmeter movement.
4. f the ohmmeter does not move as heat is applied or the movement is not
smooth, replace the thermistor.
(NOTE: Movement of the chmmeter is not a reliable test of a thermistor)
5. Return equipment and materials to their proper storage area.

£Y) ™~ »
E
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® CIRCUIT COMPONENTS
UNIT V

JOB SHEET #10 — TEST AND ACCEPT/REJECT, REPAIR
CABLES AND WIRES

A Equipment and materials needed
1. Continuity light
2. Unshielded cable with an open conductor
3. Unshielded cable with a short
4.  Soldering iron and solder
5.  Wire strippers
B. Procc yre (cable configuration known)

1. Startat pin one on the cable connector ant!, using the continuity light, check for
any shorts to other pins.

N

It any connector pins are shorted, proceed to procedure D.
‘ 3.  Repeat Step 1 until all pins have been checked against each other.

4. Check for continuity from pin one on one end of the cable to the corresponding
pin on the other end of the cable.

5. 1t no continuity is present at one of the points, then proceed to procedure E.
6. Repeat Steps 3 and 4 for each pin of the the cable.
C. Procedure (cable configuration unknown)

1. On a piece of paper, number from 1 to the number of pins on the connector (1, 2,
3,...N)

2. Start at pin one on the cable connector and, using the continuity light, check for
any shorts to other pins.

3. It any connector pins are shorted, proceed to procedure D.

4. Repeat Step 1 until all pins have been checked against each other.

5. Check from pin 1 on end “A” of the cable to pin 1 on end “B* of the cable for con-
tinuity. If continuity is present, draw a line across from pin 1 and write the corres-
ponding pin number from end *B* next to the line.

6. If no conunuity is present, move to the next pin on end “B" and repeat Step 5
until all pins on end “B” have been checked.

‘3 LB Y
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7.
8.

JOB SHEET #10

Repeat Steps 5 and 6 for »ach pin on end "A” of the cable.

It a pair of pins indicate no conlinuity, then proceed to procedure E.

D. Procedure (short repair)

1.

o

N oo v

Visu.ily inspect both cable connectors for solder bridges. If any exist, remove
them with the soldering iron.

If no solider bridges are present. disconnect 1 of the cabie leads from the connec-
tor and retest for continuity. If continuity is still present between the two pins on
the connector, replace the connector.

Separate the two conductors from the rest of the cable.

Pull the two conductors apart until the short is located.

Insulate the shoited area with either electrical tape or shrink tubing.

Reinstall loose conduclor to cable connector.

Retest cable to ensure ali shorts have been found and repaired.

E. Procedure {open repair)

1.

10.

Visually inspect the cable connector for any broken connections between the
connector pin and the conductor.

If the open is caused by a broken connection to the cable connector, resolder the
connection then retest.

It the connection {o the pins ot both cable connectors is made and the open still
exists, then connect the common test lead to the pin.

Using a straight pin. probe the connector from the other end until continuity is
found.

(NOTE: Use halt the distance between test points 10 determine the next test
point.)

Once the open is found in the conductor, strip the insulation back and tin the
wire.

Place a piece of shrink tubing on one of the conductars to be connected.
Twist and solder the two ends togother,

Slide the shrink tubing over the connection and apply heat.

Retest the cable 10 ensure all repairs have been made.

Return equipment and materials to their pruper storage area.

o
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. CIRCUIT COMPONENTS
UNIT V

JOB SHEET #11 — TEST AND ACCEPT/REJECT, REPLACE
RELAYS

A Equipment and materials needed
1. Multimeter
2.  Relay — DPDT
3. SPST switch
4.  Power supply
5. Resistor — 10K ohm

6. Test leads

B. Procedure
' 1. Construct circuit shown below.
(NOTE: Be sure power supply is turned off and voltage is adjusted to zero.)
—
-—-—L—c—

I

o

2.  Turn on power supply.

3. Adjust power supply voltage to value specified by instructor.




6.

JOB SHEET #11

Measure voltages across the relay terminals while operating the relay until the
terminais can be identified and the contacts are determined to be satisfactory or
defective.

(NOTE: Iif assistance is needed, see your instructor.)

Expiain how energizing the relay atfected the voltage measureinents of the relay
contacts.

————r s a1 e s

{(NOTE: Check your results with the instructor.)

Return equipment and materials to their proper storage area.

* LR
*
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CIRCUIT COMPONENTS
UNIT V

JOB SHEET #12 — TEST AND ACCEPT/REJECT, REPLACE

SOLENOIDS

A. Equipment and materials needed

1.

2.

3.

4.

2.

Multimeter
Solenoid

Power supply
10K ohm resistor

Test leads

8. Procedure

1.

Set the multimeter to the ohms scale and measure the resistance across the
solenoid coil.

{NOTE: Coil resistance should be very low.)

Set the multimeter to the volts scale and measure the power supply voitage.
Adjust power supply to zero volts. Turn otf power supply.

Connect the circuit shown below.

Power
Supply
0
+ —
-

10KQ

Turn on power supply.
Adjust voltage and observe movement of solenoid shaft.
If solenoid shaft does not move: freely, replace solenoid.

Return equipment and materials to their proper storage area.

REANe
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1. Maltch the terms on the nght with ther correct detinitions,

CIRCUIT COMPONENTS

UNIT V

NAME .

TEST

{NOTE: Answers 1o questions a.-l anpear on this page.)

a.

The process by which a batiery is dis
charged and recharged

To remove electrical energy from a charged
body {capacitor or battery)

A nonrechargeable source of electrical
energy produced by chemical action

A substance which, in solution, is dissoci
ated into ions and is capable of conducting
an electlrical current

A resistor for protecting a circuit against an
overload

A solenocid which performs a simpie func-
tion, such as opening or closing a switch

A condition that occurs when a circuit is
broken (broken wire or open switch) that
interrupts current flow

An elecincal switch which opens and closes
a circuit automatically

A condition that occurs when a circuit
comes into contact with another part of the
same circuit. causing a change in either ¢ir-
cuil resistance or current

An electromagnet consisting of a coil with a
moveable core: as current tows through the
coil, the core moves. performing a mechani-
cal action

A mechanical or electrical device which
breaks or completes a path tor electrical
current or routes i over a different path

A temperature- compensating resistor where
the resistance varies with the temperature

won

A

> >

10.

11

12.

Thermistor

Fusibie resistor
Discharge
Solenoid

Open (open circuit)
Electrolyte

Relay

Dry cell

Switch

Cycling

Short (short circuit)

Magnetic switch
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TEST

(INQTE: Answer to questions me-u. appear on this page))

i Battery that can not be recharged 13. Primary cell
n Battery that can be recharged 14. Secondary cell
O Most common type of dry cell; nominal oit- 1h. Continuity

pul voltage is 1.5 voits.
16. Lithium cell

U ¢ X Length of time a component can be stored
betore i11s operating characternstics startio 17, Shelf life
deqrade
18. lLead-acid wet fest
RN ¢ § Can provide up to seven times the service of

a carbon-zinc cell; output voltage is 15 19, Baltery
volts; can be either primary or secondary
cell. 20 Carbon-zinn ary cell

I Has high output voltage, long shelf life, low 21, Alikaline cell
weight, and small volume: output vollage is
either .2 v or 3.7v. depending on the electro-
lyte; siwelf lite is ten years or more.

8. Most commonly used for automobile bat-
tery: nominal output voltage is 2.1 volts; can
be constructed in combinations of three (6
vOolt) or six (12 voit) batteries; lead-acid is a
secondary cell and can be recharged

L A condition which results in a complete
path tor current to follow

AL A group of cells connected on a series or
paraliel circuit

2 Select from the tollowing list equipment used in measuring circuit components by plac-
ing an "X in the blanks next to the correct equipment.

L. A Rheostat
b Voltmeter
e Continuity hight

d. Ohmmeter
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2 Complete the followima st of statements related 1o sensory factors in troubleshooting
crrcult conponents by nsertng the words) which best complete(s) each statement.

.

h.

],

Look tor .. .coand discolored. swollen, or burnt components.
Chegh for , ... . components.

Check compenent for the smeil of burnt wax or plastic. This indicates it has

Listenfora, or e == SOUN, This may either be aresis-

tar burmimg out or a capacitor sherting out.

(NOTE: #f the following activities have not been accomplished prior to the test, ask your
instructor when they shouid be completed)

4 Drmonatrate the abysidy to

Ity

143

's)

Test and aceeptireject. replace celis. (Job Sheet #1)

Test and acceptireject. replace lamps. (Job Sheet #2)

Teal and ao. eptieject, replace switches. (Job Sheet #3)

Test antd aecepthieiect, ieplace resistors. (Job Sheet #4)

Test and aceeptireject, replace fuses and circuit breakers. (Job Sheet #5)
Test and ncceptireiect, replace capacitors. (Job Sheet #6)

Test and acceptireject, replace colls. (Job Sheet #7)

Test and accoptiteject. seplace transformers. (Job Sheet #8)

Analyze the effects of the temperature on a thermistor. (Job Sheet #9)
Test and acceptrreject, repair cables and wires. (Job Sheet #10)

Test and acceptireject, replace relays, (Job Sheet #14

Test und dceeptireiect, replace solenoids. (Job Sheet #12)
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CIRCUIT COMPONENTS
UNIT V

ANSWERS TO TEST

a. 10 a. 5 m. 13 S. 18
b. 3 h 7 n. 14 { 15
c. 8 i 11 0. 20 L. 19
d. 6 . 4 p. 17

. 2 K. 9 g. 21

f, 12 N 1 . 16

b. c.d. f

a. Smoke

b. Hot

o Overheated

d. Hissing. sizzling

Performance skills evaluated 1o the satisfaction of the instructor.

r's L
. 4
l;‘x”



BASIC POWER SUPPLIES
UNIT VI

UNIT OBJECTIVE

After  ompletion of this unit, the student should be abie to construct basic power supplies,
test basic power supplies, and use an ohmmeter to determine the anode and cathode of
diodes. Competencies will be demonstrated by correctly performing the procedures outlined
in the job sheets and by scoring a minimum of 85 percent on the unit test.

SPECIFIC OBJECTIVES

After completion of this unit, the student s;1ould be able to:

1.

2

10.

Match terms related to basic power supplies with their correct definitions.
Sketch a PN junction and label the P material, the N material, the depletion
region, and the barrier potential showing voltage ranges for the silicon and germa-
nium diodes.

Describe biasing effects on the P-N junction.

Draw and label the schematic symbol for a diode.

List three reasons for diode failure.

Match output wavetorms with their correct circuits.

Match power supply components with their correct applications.

Match basic power supply funcilions with their correct descriptions.

Identify voltage regulator circuit schematics.

Complete a list of statements concerning troubleshooting the basic power supply.

BE-371
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OBJECTIVE SHEET

11.  Demonstrate the ability to:

a. Use an ohmmeter to determine ihe anode and cathode of diodes. (Job
Sheet #1)

b. Check transistors for proper operation. (Job sheet #2)

C. Construct and test a haif-wave rectifier circuit. (Job Sheet #3)

d. Construct and test a full-wave bridge rectitier circuit. (Job Sheet #4)
e. Construct and test a capacitor filter circuit. (Job Shest #5)

f. Construct and test a Pi-section filter circuit. (Job Sheet #6)




mm o 0w

BE-373

BASIC POWER SUPPLIES
UNIT VI

SUGGESTED ACTIVITIES

Obtain additional materials andior invite resource people 1o class to supplement/rein-
force information provided in this unit of instruction.

(NOTE: This activity should be completed prior to the teaching of this unit)
Make transparencies from the transparency masters included with this unit.
Provide students with objective sheet.

Discuss unit and specific objectives.

Provide students with information sheet.

Discuss information sheet.

(NOTE: Use the transparencies to enhance the nrformation as needed.)
Provide students with job sheets.

Discuss and demonstrate the procedures outlined in the job sheets.
Integrate the foliowing activities throughout the teaching of this unit:

1. Show various power supply configurations of rectifiers, filters, etc. to students.

2. Have studen’s identify types of power supplies in several diferent pieces of equip-
ment.

3. Have students troubleshoot defective power supplies.

4. Meet individually with students to evaluate their progress through this unit of
instruction. and indicate 1o thern possible areas for improvement.

Give test.
bvaluate test.
Reteach it necessary.
INSTRUCTIONAL MATERIALS INCLUDED IN THIS UNIT
Objective sheet
Suggested activities

Iinformation sheet
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G.

INSTRUCTIONAL MATERIALS INCLUDED IN THIS UNIT

Transparency masters

1. TM 1 - Biasing Effects on the P-N Junction
2. TM 2 - Halt-Wave Rectifier Cuocuits

J. TM 3 - Full-Wave Rectitier

4. TM 4 - Full-Wave Bridge Rectifier

}

9. TM 5 - Silicon Contyolled Rectifier

6. TM 6 — Triac Controlied Power Supply

7. TM 7 -~ Simpie Regulated Power Supply

8. TM 8 — Regulated Power Supply Biock Diagiam

Job sheots

1. JobSheet #1 - Use an Ohmmeier to Determine the Anode and Cathode of Diodes
2. Job Sheet #2 — Check Transistors for Proper Operation

3. Job Sheet #3 - Construct and Test a Half-Wave Rectifier Circuit

4 Job Shect #4 - Construct and Test a Full-Wave Bridge Roctifier Cireuit
5. Job Sheet #5 — Construct and Test a Capacitor Yiller Circun

6. Job Shect #6 - Construct and Test a Pi-Secuon Filter Gircudt

Teest

Answers 1o 1est

REFERENCES USED IN DEVELOPING THIS UNIT

(NOTE. The following s a list of references used in completing this unit,

A

B

Grob. Bernard. Application of Electromics, New Yotk MeGraw-Hill Book Company.

Harvnck, im, General Industria! Clectromes. Stillwater, QK Oklahoma Curncutuim und
Instructional Materials Center, 1984,

Introduiction to Power Supphies Barmngton, iL: TPC Trainma Systems. Division of Tech
nical Publishing Company, 1977.

Robertson. L. Paul. Basic Electronics | (Revised Eqriont Stillwater. OK: Mid-Amaorica
Vocational Curncutlum Consortium, 1882

Shirader. Robert L. Electrome Communications, Thrd £ dition New York: MeGraw-Hill
Book Company, 1975,




BASIC POWER SUPPLIES
UNIT VI

INFORMATION SHEET

Terms and definitions

A.

Bleeder resistor — Resistor connected across filter capacitors 1o drain
charge when circuit power is turned off

(CAUTION: Large capacitors may store a charge sufficient enough to result
in injury or death if contacted accidentally. Bleeder resistors reduce this
hazard, but they may not always be present or may not be functional.)

(NOTE: Technicians should check or bleed large capacitors properly before
workir g near them. Review the unit on capacitors for proper procedures to
use when discharging large capacitors.)

Choke — Inductor used in a DC power supply to reduce ripple at the output
Power supply — Gircuit or device that provides a specific electrical output
by transtorming a diffcrent electrical input or converting other forms of
energy

Examples: Battery, olectrical generator, AC to DC converter

(NOTE: A battery converts chemical energy to electrical energy. A generator
converts mechanical energy to electrical energy. An AG to DC converter
transforms AC power to DC power)

Regulator — Circuit or device that serves to keep voltage or current output
at a constant level

Rippie — Low-amplitude variation of DG power; usually results trom insuffi-
cient filtering of rectified AC

Series regulator -- Controlier placed in line with the load; controls by vary-
ing resistance to the load current

Example: Q1 of Transparency 7
Shunt regulator — Controller placed in paraliel to the load; bypasses exces-

sive current and varies total current through a series resistance to control
output voltage

l? £ e
LIS ;;
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INFORMATION SHEET

. Depletion or barrier region of a P-N junction and the barrier potential
A. Silicon diode barner potential = 0.6 to 0.7 volits
B, Germanium diede barner polential = 0.2 10 0 3 volis

. -Barrier Potential
i\ Silicon 0.6 to 07. Volt
- Germanium 0.2 to 0.3 Volt

A ¥ 3
- ' Fodod b
+ LI
- - N - i P + 4+ -
- e - - + + =+ b+t
- - - - 4 - TR SN G D T
S : . . i
\_‘. s
e

- Depletion Region .

1. Biasing effecis on the P-N junction (Transparency 1)

A Forward bias — Positive potential 15 connected to the P-lvpe material
altowing current to How

B. Reverse bias -~ Positive potential 15 connected 1o the N-type material
restricting current flow

IV.  Diode schematic symbols
A Anode + P-section
B. Cathode - N-section
C. Symbaod -

Anode + N Cathode -
2

(NOTE. The arrow poinis to the Ntype matenatl)

A

.,

oo -



INFORMATION SHEET

Reasons for diode failure

(NOTE: The reasons for diode failure listed here are given in the approximate order
of frequency of occurrence, beginning with the most common reason.)

A

Heat

Examples: Failing to use heat sink when soldering or unsoldering leads;
restricted air flow in equipment cabinets due to clogged air
screens or defective cooling fans; using too large soldering
iron when installing or removing diodes

(NOTE: Stud-mounted diodes are often supplied with an insulating washer
to be used when it is necessary to electrically insulate them from the chas-
sis. This washer also restricts heat transfer and should not be used unless
it is necessary. Silicon grease aids in heat transfer whether the ir sulating
washer is used or not. Silicon grease also prevents corrosion anc. ansures
electrical contact.)

Shock/stress

Examples: Dropping components onto hard surfaces; cutting component
leads with cutters that cause a sharp snap of the leads; jarring
printed circuit boards; using excessive pressure on stud-
mounted diodes; contraction and expansion due to tempera-
ture extremes, particularly where axial-lead diodes are
installed with the leads directly between terminal points with
no bends; flexing or bending of printed circuit boards

Excessive current
Examples: High-voltage spikes created by lightning; surges in the power

distribution system; poor electrical connections; instaliation
in reverse

Rectifier circuits and output waveforms

A

B
C.
D

Half-wave (Transparency 2)

Full-wave (Transparency 2)

Full-wave rectifier bridge (Transparency 4)
Silicon controlled rectifier (SCR) (Transparency 5)

{NOTE: SCRs may te used in full-wave bridge rectifiers where they serve the
dual purpose of rectifying and reguiating.)

-
L
h.g

BE-317
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INFORMATION SHEET

Triac (Transparency 6)

(NOTE: Traic may be used to regulate the AC power input 1o contro! the DC
power output of a power supply. It is important to note that the power is not
wasted even when a waveform is half-wave or chopped. That portion of
power excluded is merely rejected as if the power switch were turned off for
that instant. Thus the actual power out of a halt-wave rectifi-r is not one-
hait of the power in. Except for transformer losses and diode leakage cur-
rent, ail of the diode circuits shown in this objective output the same power
as is input. No significant power is lost; it is merely rejected. For this rea-
son, diode. SCR, and Triac circuits are far inore efficient than rheostats for
controlling power.)

VH.  Power supply components and their applications (Transparency 7)

A

Transtoriner
1. Used o step AC voltages up or down
2. May be used for isolation
3. May have multiple taps for varying output voitage

4. Required with centertapped output for some types of rectifier cir-
cuits

Diode
1 Used for rectification of AC (solid-state device)
2. Used tor refcrence voltage or regulation {(Zenen
3. Usert as a controllable rectifier and frequently as a switch (SCR)
4. Used to vary AC voitage levels by switching ot and oft (Triac)
Capacitor - Used o filter pulsating DC
Inductor - Used to filter puisating
Transistor
1 Used as aclive coutrol element o sauiate voitage o1 current

2. Used as comparator of output and reference




BE-379

. INFORMATION SHEET

Vill.  Basic power supply functions and their descriptions (Transparencies 7 and 8)

A, Sample --- Component or elements of a power supply that measure portion
ot supply voltage as feedback for controlling circuitry

INOTE: The sample is usually a voltage-divider network.)
Examples: R, R; and R, of Transparency 7

B. Reference --- Component or elements of a power supply that maintain con-
stant voitage for the purpose of comparison by controlling circuitry

(NOTE: The reference element is usually a Zener diode but could be an inte-
grated circuit)

Example: Cy, of Transparency 7
C. Comparator — Component or elements of a power supply that monitor volt-

ages to detect error and 1 roduce a cerrection voltage for compensating cir-
cuitry
Example: Q. of Transparency 7

. D. Error amplifier —- Circuitry or components of a power supply that boost the
error-detected correction voltage 1o a power level sutficient to operate the
compensating circuitry

t-ample; Q. of Transparency 7

E Control circuitry - Components of a power supply that actually control the
supply outpuad

Example:  Q, of Transparency 7

F. Fiter - Component or elements of a power supply that reduce ripple and
noise

Examples. C, of Transparency 7

G. Rectifier - - Circuitry or element of a power supply that transforms AC to
pulsating DC

Examples Cp,. Gn,. Cn,, and Gy, of Transparency 7




INFORMATION SHEET

H. Transformer — Circuitry or component of a power supply that changes the
voltage level

Example: T, of Transparency 7

(NOTE: Transtormers function as modifiers for AC, whiie simple resistor
networks can suftice for DC voltage reduction. SCRs can modify AC voltage
in conjunction with fiitering.)

l. Adjust circuitry — Components of a power supply that aliow for changing
the output

Example: Rs of Transparency 7
IX.  Voltage regulator circuit schematics
A, Zener diode shunt reguiator

(NOTE: The Zener diode operates in the reverse-bias mode.)

Ry
t O AAA. © *
-~ - — ~
! L
R
Input ) x Output
,--/ LR1
- O~ - — e S,
Q B. Transistor shunt regulator
+
o——— AN~
R1
input
&

(NOTE: In this instance CR, is acting as a voltage reference 1o bias Q, base
cutrent.)
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. INFORMATION SHEET

C. Transistor series reguintor
Exampie: Q, of Transparency 7

(NOTE: When the voitace output decrease:  the voltage drop across R,
decreases, so less cuirent tows through CR.. Thus. less voltage is applied
10 the base of Q.. causing less conduction, This increases the voltage at
the base 0f Q, and aitows more current flow through Q,, adjusting the out-
put to the load))

+
o

D. Thyristor requiator

Examples.  SCR and Triag

D ’g +
; Fitjer | ; W' tage Regggited
f ! #Cor trolied Outout
3; l ‘i cator Hipu
] I S .
Gate Control _; !

o e

Gate Controi

. (NOTE: Cp., and C,., are SCR dhiodies )

l’l,'
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INFORMATION SHEET

Troubleshooting the basic power supply

A.
B.

Disconnect foad from power supply and check to see if problem still evists.
Check filtering capacitors tor charging.

(NOTE: if charging is not present, disconnect one iead of the capacitor and
recheck for charging. if shorted. replace the capacitor)

Check rectifier diodes for proper operation.

Check all resistors for proper value.

Check transistors for proper operation.

(NOTE: if all components check “OK™ then disconnect the rectific r from the

transtormer and turn power on. If AC voltage is not present on the second-
ary, replace the transformer)

e




Biasing Effects on the P-N Junction

000 O oy 0 0o,
0 0 04— Holes Excess —»to o °
oy °° Electrons [*® @
0 0% o ® o o
p-Material n-Material
Depletion Region
oe) 0..‘»[0 : ®e
Unbiased ° 0 joely % %e
00 Y 0.1%%*® e
00 O ga4-O . L
pn Junction
Nairow Potential
Barrier
+ Positive —5———17——)-Negative
Voltage | “.c=o | ™. ®| Voltage
Fgrward o1 % 0% 0% et I
3ias ® 0 ¢ o 1% %@
Electron |o_© ® ®»
Flow

Wide Potential
Barrier

— Negative A +Positive

Voltage | oce ®|©° o o | Voltage

Reverse 9 1°, e oo’ g
Blas OO ® ® © \6 O.
o 9 o O o @
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® Haif-Wave Rectifier Circuits

— P .

+ Load Resistor +
%— i g, W
- Input Voltage Output Voltage-
L & —iy
o °
+"“‘C?"—‘C7'
+ Load Resistor ¢ -
— Inwpuvt Voltage Output Voltage
L 2 —9

353 ™ 2

ERIC
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GQ

Full-Wave Rectifier

D1
Pt S
[ ik A A DC
V1 I i |  Output
. ! 12 N R |12
%‘0 ! ] _m_g
AC Ty |
Line X - —
i V2
+V (Note: If diodes D1 and D2 were
0 %" #—é reversed, the output voltage
-V <l2_ would be reversed.)
D2
REFT
355

18%-39



Full-Wave Bridge Rectifier

‘,.q.___
o,
|
AC 1 .
Line ‘%9
2
+
0—%
- 119
I|2
(NOTE: If each diode were
reversed, the output voltage
would be reversed.)
30 30
-y
=z

.
Q

68c-34



Silicon Controlled Rectifier

O
CR1 CR2
input AC + . 2,'
Input —
- _ |Regulated Chopped
/\\/ e Filter C\c/;?wlttsﬁle;ad DC Output
. CR ' Output
4 Oscillator Y _Jlm_gﬁ
- Lo bl
Gate Input

Gate Control

Gate Control

04

LN B ]
[SFIR 4

16E-38



Triac Controlled Power Supply

Input ©
CR1
NV AC _ e +  Chopped
input Regulated Output
CR3 Filter Voltage- DG 0
o Controlled o \U e
Oscillator| Output ’
SR S ]
I U N S
Gate Control Gate Input
Gate Control
. 36
36 %

£6e-349



®
Simple Regulated Power Supply
S1. F1
T1
ac DS1 'I
Input
: 36
T 36y

g6£-39



Regulated Power Supply Block Diagram

120 to 125
VAC rms
60 Hz

Ov U

60 Hz
48 to 50
VAC rms

6

48 to 50 VDC

Oov

48 t0 50 V
Pulsating DC rms
120 Hz

WD\ G A
J

AC
Input

Trans-
former

Rectifier

\

Filter

!

40 VDC

1

Control
> Circuitry '
Reference|
Error
Amplifier
/r A
Sample
Compa- A?indt
rator JUS
~<—1 Circuitry
/S

DC
Output

361,
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. BASIC POWER SUPPLIES
UNIT VI

JOB SHEET #1 — USE AN OHMMETER TO DETERMINE
THE ANODE AND CATHODE OF DIODES

A. Equipment and materials needed
1. Multimeter

2. Several diodes, taped to cover any indication of which end is the cathode or
anode

(NOTE. Diodes will be turnished by instructor with bias specifications.)
B. Procedure
{NOTE: Determine the positive and negative polarity of the meter ieads.)
1. Set meter controls to measure ohms.
2. Connect the leads across each diode, first in one direction, and then in the other
. (NOTE: Recall that the cathode accepts electron flow, and in the forward-biased

direction, the cathode connects to the negative. Use this characteristic to deter-
mine which ends of the components are the cathodes.)

3. Align diodes on workbench with cathodes all peinting away from you.
(NOTE: Discuss your resulls with yout instructos)

4. Disconnect ochmmeter.

5. BReturn equipment and materials to thew proper storage area.
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. BASIC POWER SUPPLIES
UNIT VI

JOB SHEET #2 — CHECK TRANSISTORS FOR PROPER OPERATION

A, Equipment and materials needed
1. Multimeter
2. 2N3904 transistor
3. 1KMW resistor
4. 1000 resistor
5. 22KQYa resistor
6. 2.2KQ. resistor
7. Svoit power suppiv
8. Protoboard and hookup wire (or equivalent)

. B. Procedure

1. Connect the following circuit:

’ +8VDC
RL = 1K}
Ry = 22KQ
Rg = 2.2KQ
HE = 1000

K]

tr i’f jx




402

JOB SHEET #2

Turn the power on.

Measure the base-to-emitter (Vgy) voltage as shown below.

HL == ﬂ(“
Ry = 22KQ 5

r/

RE = 1000

—

(NOTE: If Vige is zero, the base-emitter junction is short-circuited, If Ve is 0.8V or
higher the junction is probably open.)

Measure the voltage across the load resisior,

(NOTE: If the voltage drop across RL is zero, then the curit i soro, This may
indicate an opening in the transistor. If there is an excessi voitagoe drop across
RL, shori-circuit the base-to-emitter voltage and remeasur- Vo i the voltage is
still excessive, the transistor ccliector is probably short-ciroited

Return equipment and materials to thes nroper storage are.

L 13
20
4 v/
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. BASIC POWER SUPPLIES
UNIT VI

JOB SHEET #3 — CONSTRUCT AND TEST A HALF-WAVE
RECTIFIER CIRCUIT

A. Equipment and materials needed
1. Low power filament transformer {120V Primary)
2. Silicon diode, 1N<004 or equivalent
3. 6800 Ohm, > Watt resistors
4. Multimeter
5. Oscilloscope
6. Graph paper

B. Procedure

{CAUTION: Dangerous voltage leveis are present during this procedure. Check with
your instructor regarding safety prccedures.)

1# Connect the multimeter (set for AC) to secondary of the filament transiormer.

. 2. Plug the filament transformer into the line voltage and measure the secondary
voltage at points A and B.

3. Turn off the power.

4. Coennect the foliowing circuit to the secondary ot the filament transtormer.

o

S I

AC

Line 68000

e ANAA

Filament -1 -
Transformer

e
»
l
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JOB SHEET #3

Turn the power on.

Measure the voltage between points A and B and record this below as the AC
input voltage.

Measure and record the DC output voltage between points B and C with the mul-
timeter.

Using the oscilloscope, observe and make a scale drawing below of the AC input
voltage (A to B) and the DC output voitags (C to B).

Calculate the average DC output voltage and compare it to the measured DC out-
put voitage.

Have your instructor check your calculations and drawing.

DATA:

Measured voltage A to B Vims {Input)

Measured voitage Bto C Vims (Output)

Calculated output voltage Vac

Return equipment and materials to proper storage area.

£y o
<
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. BASIC POWER SUPPLIES
UNIT Vi

JOB SHEET #4 — CONSTRUCT AND TEST A FULL-WAVE
BRIDGE RECTIFIER CIRCUIT

A Equipment and materials needed
1. Filament transformer (110V primary, 12V secondary)
2. Four silicon diodes IN4004 or equivalent
3. 10K, 1W resistor
4. Muitimeter
5. Oscilloscope
6. Graph paper
B. Procedure

{CAUTION: Dangerous voltage levels are present during this procedure. Avoid shock
. hazards.)

1. Constiuct the circuit shown below but do not connect power at this time.

2D

AC Line +

10K

Filament
yransformer

N

2. Adjust the muitimeter for the proper AC vollage scale.
(NOTE: Have your instructor check your circuit.)
3. Connect the multimeter across the secondary of the power transformer.

4.  Apply power to the circuit.
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JOB SHEET #4

Read and record the DC voltage across the 10K load resistor.

Connect an oscilioscope across the ‘ilament transformer secondary and observe
and sketch the waveform.

Connect an oscilloscope across the 10K load resistor and observe and sketch
the waveform.

Calculate the average DC output voltage and compare with the measured DC
output voltage.

Have your instructor check your calculations and sketch.

DATA:

Measured voltage Ato B __ V.
Measured voltage B to C V.

Calculated output voltage . - Ve

Return equipment and materials to proper storage.
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. BASIC POWER SUPPLIES
UNIT VI

JOB SHEET #5 — CONSTRUCT AND TEST A CAPACITOR
FILTER CIRCUIT

A. Equipment and materials needed
1. Low power filament transformer {120V primary)
2. Foursilicon dio:.es 1IN4004 or equivalent

3.  One-10K, Y2 watt resistor, One-1K, /> watl resistor. one-20 uF capacitor, 25 WVpe
or greater

4. Muitimeter
5. Oscilloscope
6. Grapn paper
B. Procedure
(CAUTION: Dangerous voltage levels are present during this procedure. Avoid shock

. hazards.)

1. Construct the circuit shown below but do not connect power at this time.

(NOTE: Do not connect the capacitor at point A and B at this time.)

1

AC Line

L

Filament
Transformer

2. Adjust the scale for the proper AC voitage reading.
(NOTE: Have your instructor check your circuit.)

3. Connect the muitimeter across the secondary of the filament transformer.

. 4.  Turn on the power supply.

37

LR




10.

.

12.

13.

14.

JOB SEET #5

Read and record the DC voltage across the load resistor.

Connect an oscilloscope across the load resistor, observe and skeich the wave
form

Turn off the power.
Connect the 20 i F capacitor at points A and B.

(NOTE: Observe the polarity of the capacitor. incorrect installation may damage
the component.)

Rep:-at Steps 2 through 7.

Replace the 10K load resistor with the 1K load resistor and repeat Steps 5
through 9.

Compare the wave shapes and DC voltage levels of the filter and a 10K load resis-
tor with the filter and a 1K load resistor.

Using the output voltage measured with the 10K loaff resistor as no-load voltage
and the output voltage measured with the 1K resistor as full-load, compute per-
cent voltage regulation on the table bele v,

No load - load

% Reg. = e

v g No load
DATA Viec, V-ggx Vik % Reg
No filter
With filter

Have your instructor check your calculations and sketches.

Return equipment and materials to their proper storage area.

‘.‘ v e
Lvr s 34




o BASIC POWER SUPPLIES
UNIT Vi

JOB SHEET #6 — CONSTRUCT AND TEST A PI-SECTION
FILTER CIRCUIT

A. Equipment and materials needed
1. Low power filament transformer (120V primary)
2. Four-silicon diodes 1N4004 or equivalent
3. 10K, V2 watt resistor
4. 1K, /= watt resistor
5. 270 ohm resistor
€. Two-20 uF capacitors 25WV ¢ 0; greater
7. Multimeter

. 8. Oscilloscope

Graph paper

©w

B. Procedure
1. Connect the circuit shown below but do not apply power at this time.

{NOTE: Do not connect the Pi-section filter network at point A and B at this time.)

0 . z;?—i‘ ™
: , i l .
! [ 10K

Filament C1 C2
Transformer 20uf 20

rs -
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10.

11.

12.

13.

JOB SHEET #6

Turn on power supply,.
(NOTE: Have your instructor check your circuit )
Read and record the DC voltage across the load resisior.

Connect an oscilloscope across the load resistor; observe and skeich the wave
form.

Turn off the power.
Connect the Pi-section at points » and B.

(NOTE: Observe polarity of the capacitors. Incorrect installation will cause dam-
age to the component.)

Turn on the power.
Repeat Steps 3 through 5.

Replace the 10K load resistor with a 1K ioad resistor and repeat Steps 3 through
8.

Compare the wave shapes and DC voltage levels of the Pi-section filter and the
10K load resistor with the Pi-section filter and the 1K resistor.

Using the output voltage measured with the 10K load resistor as no-load voltage
and the output voitage measured with the 1K resistor as full-load, compute per-
cent voltage regulation on the table below.

%% Reg. = NO)E‘_@G = 503(_3 x 100

Noloa“
DATA Vi Vi % Reg.
No filter
b e e e e - wo —
With filter

Check your calculations and your sketches with your instructor.

Return equipment and materials to their proper storage area.



Match the terms on the right with their correct definitions,

a.

BASIC POWER SUPPLIES
UNIT VI

NAME

BE-411

TEST

Circuit or device .hat provides a specific
electrical output by transforming a differeni
electrical input or converling other forms of
energy

Low-amplitude variation of DC power; usu-
ally results from insutficient filtering of recti-
fied AC

Circuit or device that serves to keep voltage
or current output at a constant level

inductor used in a DC power supply to
reduce rippie at the output

Resistor con:niected across filter capacitors
to drain cnarqe when circuit power is turned
off

Controller placed in parallel o the load;
bypasses excessive current and varies total
current through a series resistance to con-
trol output voltage

Controller placed in line with the foad; con-
trols by varying resistance to the load cur
rent

. Series regulator
. Choke

. Ripple

. Shunt regulator
. Power supply

. Regulator

. Bleeder resistor
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Sketch a P-N junction, and label the P material, the N material. the depletion region. and
the barrier potential showing voltage ranges for the silicon and germanium diodes.

Describe biasing etfects on the P-N junction.

a. Forward bias —

e ——————— o e e ean.s e

b. Reverse bias -~ ___ _ s

Draw and label the schematic symbol for a diode.




5. List three reasons tor dinde Satlire
48 e e =

C.

6, Match output wavetorms on the nghd st e oo

a. SCR

CRY ’@\A(in,
AL | et ‘
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O ¢ § Half-wave 4. Chopped output
Input Gate Input
L Futl-wave 5. Output
- K ANEVAN

input

7. Match power supply components on the right with their correct applications.

(NOTE: Answers may be used more than once. Some blanks may contain more than
one answer)

e AL Used to step AC voltage up or down 1. Diode
.._b. Used for reference voltage or regulation 2. Capacitor
(Zener)

3. Transiormer
NSRRI o Used as comparator of output and reference

4. Transistor
USRI  § May be used for isolation

5. inductor
- Used to filter pulsating DC
R A Usexd 10 vary AC voltage lovels by switching

on and off (Triac)

R + X Used as active control element to regulate
voltage or current

U ) B Required with centeitapped output for
some types of rectitier circu'ts

(2
‘\,‘ x
l?.} &
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May have muitiple taps tor varying output
voltage

Used for rectification of A7 (solid-stale
device)

Used as a controliable rectifier and he
quently as a switch {(SCR)

BE-415

Match basic power supply functions on the right with their correct descriptions.

PRSP

a.

Component or elements of a power supply
that monitor voltages to detect error and
produce a correction voitage for compensat-
ing circuilry

Component or elements of a power supply
that reduce ripple and noise

Components of a power supply that aliow
for changing the output

Circuitry or element of a power supply that
transforms AC to puisating DC

Component or elements of a power supply
that measure portion of supply voltage as
feedback for controlling circuitry

Circuitry or component of a power supply
that changes th. voltage leve!

Components of a power supply that actually
control the supply output

Components or elements of a power supply
that maintain constant voltage for the pur
pose of comparison by controlling circuitry

Circuitry or components of a power supply
that boost the error-detected correction volit-
age to a power level sufficient to operate the
compensating circuitry

1

2

. Samnle
Reference
Comparator
Error amplitier
Controd circuilry
Filter

Rectifier
Tranatormer

Adiust crreuitry
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TESY .

9 Identity voltage requiator Grcwnt schematios, Wiite the cotrec! nanes in the Dlanks.

..}-
cey

.t». . .

Filtey f Voltage: ]Htgulated

Controlled| . 2¢
{  Oscillator] Qutput

r e e e
1
f
i
i
i

B
[TV S,
—

-

Gate Control

e |

Voo c e

Gate Gontrol

b

b
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R1 ;A..‘ ]\CF‘”
e
. A&

. "-" : \"(3 § N\ { #

; . N~ |
Input Co )Y TR Outpu
\ 1o
\ S
R2
C. e
R1
L e OV VS VR gt
< - - v dﬁ;{ T~
. IR \
Input ! ] Output
- O - AL — e
d. U
1) Zener diode shunt requlatng 3y Transinwg neties reguiador
2) Transistor shunt requlator 41 Thvnstor regulator

10.  Complete the tollowing list of statements eoncerning troubleshootin 1 the basic power
supply by inserting the word{s) which best completes each statement

a. Disconnect .__ . _ . . from power sueply and check to see i problem stild
exists.
b. Check _ __ ... .. .. ~ . o charging

c. Check ____

MR I I CRN STLLER ST CCek 40 STRTR

d. Check all iesistors for propsr

. e. Check __ . tor proper aperation
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(NOTE: If the following activities have not been accomplished prior t5 the test, ask your
instructor when they should be completed.)

11. Demonstrate the ability to:

a.

b.

Use an ohmmeter 1o determine the anoce and cathode of diodes. (Job Sheet #1)
Check transistors for proper operation. (Job Sheet #2)

Construct and test a half-wave rectifier circuit. (Job Sheet #3)

Construct and test a fui'-wave bridge rectifier circuit. (Job Sheet #4)

Construct and test a capacitor filter circuit. (Job Sheet #5)

Construct and test a Pi-section filter circuit. {Job Sheet #6)



BE418

. BASIC POWER SUPPLIES
UNIT Vi

ANSWERS TO TEST

1 a. 5 0. 7
b, 3 t. 4
C 6 g 1
. 2

2.

. - Barrier Potential
+  Silicon 0.6 to 07. Volt
™. Germanium 0.2 to 0.3 Volt

IR
- r 4 ‘I
e e e + . 4 0+ 4+ 0+ 3 o+
- R PO
- - N - . P S S S ¢
— + + 1 b 4+
- s b e

- Depletion Region

3 a. Forward bias — Positive potential is connected 1o the P-type material allowing
current to flow
b. Reverse thas - Positive potential is connected to the N-type material restricting

current flow

Anode + N Cathode -

M

Heat
Shock/stress
Excessive current

o Te

4
2
1tor 3
2

Tord

pocow

356
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ANSWERS TO TEST

7 3 d. 3 g 4 j 1
b 1 o. 2.5 h. 3 K 1
c f. 1 i. 3

8.

Paoow
-t =y 0O
& 1O

9. a Thyristor regulator

b. Transistor series regulator
c. Transistor shunt reguiator
d. Zener diode shunt regulator

10. a. Lead
b. Filtering capacitors
C. Rectifier diodes
d. Value
e. Transistors

11.  Performance skills evaluated 1o the satisfaction of the instructor




SEMICONDUCTOR DEVICES
UNIT Vi

UNIT OBJECTIVE

After completion of this unit, the student shouid be able to use an ohmmeter to test for defec-
tive diodes and test and accept/reject, replace semiconductor devices. Competencies will be
demonstraied by correctly performing the procedures outlined in the job sheets and by scor-
ing a minimum of 85 percent on the unit test.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to;

1.

2.

10.

Match terms related to semiconductor devices with their correct definitions.
Indicate the direction nf current flow in transistors.
Select from a list characteristics of transistor emitters, bases, and collectors.

identify the emitter, base, and collector of various transistors.

Distinguish between characteristics of bipolar transistors and field-effect transis-

tors.

Match special semiconductor devices with their correct applications.
I.abel features of a typical dual in-line package integrated circuit.
Label the number-one pin on integrated circuits.

List advantages of integrated circuils as compared to discrete components in
equivalent circuitry.

Complete a list of guidelines to follow when working with integrated circuits.

BE-421
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1.

OBJECTIVE SHEET

Demonstrate the ability to:

a.

b.

Perform = static test of semiconductor diodes. (Job Sheet #1)
7est and acceptireject, replace light sensitive devices. (Job Sheat #2)
Test transistors. {(Job Sheet #3)

Test and accept/ireject, replace silicon-controiled rectifiers. {Job Sheet #4)




m o o

m

SEMICONDUCTOR DEVICES
UNIT Vi

SUGGESTED ACTIVITIES

Obtain additional materials and/or invite resource pecple to class to supplementirein
torce information providod in this unit of instruction,

(NOTE: This activity should be completed prior to the teaching of this unit.)
Make transparencies from the transparency masters inciuded with this unit,
Provi’e students with objective sheet.

Discuss unit and specific objectives.

Provide students with information sheet.

Discuss information sheet.

(NOTE: Use the transparencies to enhance the information as needed.)
Provide students with job sheets.

Discuss and demonstrate the procedures outlined in the job sheets.
Integrate the following activities throughout the teaching of this unit;

1. Demonstrate the proper way to test transistors.

2. Demonstrate the proper way to handie integrated circuits.

w

Use an oscilioscope to demonstrate the output w.veform of the SCR. UJT, and
Triac.

4. M eet individually with students 1o evaluate their progress through this unit of
instruction. and indicate to them possible areas for improvement.

Give test,
Evaluate test.
Reteach if necessary.
INSTRUCTIONAL MATERIALS INCLUDED IN THIS UNIT
Objective sheet
Suggested activities

Information sheet

391

BE-423
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INSTRUCTIONAL MATERIALS INCLUDED IN THIS UNIT

D. Transparency masters

1. TM 1 — PNP Transistor Majority Current Carriers

2. TM 2 — Various Transistor Cases

3. TWM 3 — Special Semiconduntor Devices

4. TM 4 — Special Semiconductor Devices (Continued)

5. TM 5 — Features of a Typical Dual In-Line Package Integrated Circuit
E. Job sheets

1. Job Sheet #1 — Perform a Static Test of Semicondu:tor Diodes

2. Job Sheet #2 — Test and Accept/Reject. Replace Light Sensitive Devices

3. Job Sheet #3 — Test Transistors

4. Job Sheet #4 — Test and Accept/Reject. Replace Silicon-Controlled Rectitier
F Test
G. Answers to test

REFERENCES USED IN DEVELOPING THIS UNIT

(NOTE: The tollowing is a list of references used in completing this unit.)

A. Hamwick, Jim. General Industrial Electronics. Stilwater, OK: Oklahoma Curriculum and
Instructional Materials Center. 1984,

B. Willison, Neail and James Shelton. Basic Electronics 1. Stillwater, OK- Mid-America
Vocational Curriculum Consortium, 1981,

g
. .
-4




SEMICONDUCTOR DEVICES
UNIT Vii

INFORMATION SHEET

Terms and definitions

A

Analog device — Component that operates at any voltage level within a
range

Base — Control section that varies conductivity of the transistor

Break voltage — Voitage level al which a diode device will switch on and
conduct current

Channel — Narrow path within a field-eftect transistor through which con-
duction of current is controtled

Chip — Integrated circuit

Collector — Section of transistor in which majority current carriers are col-
fected out of the device

Cutoft — State when all normal charge carriers stop fiowing in a device

Depletion mode — Field-effect transistor operation in which a negative volt-
age orn the gate repels electrons in the channel and reduced conduction

Depletion region — Area within semiconductor material where charge carri-
ers are neutralized

Discrete device — Component composed of n¢ functional element as
opposed to an integrated-circuit device comin.. «d of many elements

Examples: Transistor, diode, silicon-controlled rectifier, resistor

Doping — Process of adding current-conducting impurities into crystal
materials 1o make semiconductors

Drain — Electrode of a field-efiect transistor corresponding to the collector
ot a bipolar transistor

Emitter — Most heavily doped section of transistor where majority current
carriers travel inward, and thus are emitted into the device

Enharcement mode — rield-effect trahsistor operation in which a positive
voitage on the gate attracts electrons into the channel and increases cof-
duction

Field effect — Electromagnetic force that controls conduction in tield-
effect transistors

Frequency response — Ability of a device 1o amplity a frequency without
distortion or attenuation

Gate — Electrode of various semiconducior devices that provides control
tor operation

[P
o

s
™

Ld -
)

<
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u.

W.

AA

BB.

CC.

LD.

EE.

FF

INFORMATION SHEET

Fardware -~ Circuitry, wiring, and devices of an electronic mnstrument or
compuier

Hybrid intearated circuit - Device in which discrete components and inte-
grated circuits are combined into an integrated package

Input impedance — Total cpposition 1o cuirent at the input of a device

Integra‘ed circuit — Device constructed of multiple segments of semicon-
ductor materials and junctions cortaining the eguivalent function of such
discrete devices as transistor and diode junctions and resistors

Linear uevice — Component that has the same gain or reaction 1o the input
over the operating range regardiess of frequency or environmental factors
such as temperatun: and humidity

Majority current carriers — Moles in the p-type semiconductor and elec-
trons in the n-type semiconductor tuat transfer most of the current within a
type of semiconductor material

Monolithic integrated circuit — Device in which active elements {such as
transistors) and passive elements (such as resistors) are integrated into a
continuous single compenent on a single substrate

Output impedance - Total opposition to current at the output of a device

Pinch-off valtage - - Voltage from the gate to the source of field-effect tran-
sistors at which conduction oi cusrent ceases

Printed circuit board (PCB) — A device that has conducting paths printed
on a board

Saturation — When an increase in collector voltage no longer causes an
increase in collector current and with an increase in base current it no
longer causes an increase in coliector cuirent

Source — Electrode 11 a field-effect transistor corresponding to the emitter
of a kipolar transictor

Substrate — Base material of an integrated-circuit chip upon which the cir-
cuitry is formed

(NOTE: Some integrated circuits have a pin connection to the substrate,
which drains static charges, or to references 1o a voltage bias.)

Transistor — Solid-state semiconductor device usually having three termi-
nals; varies conductivity according to voltage and current inputs

Trigger — Electrical impulse used .. trn devices on and off
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INFORMATION SHEET

Current flow in transistors

A. In NPN transistors. tree oiecirons flow from emitter (o base and from base
to collector. causing current flow through ¢ ansistor,

{NOTE: Because the basoe s narrow and lightly doped. only about 5% of the
electrons tiow from the emitter through the basc. The remaining electrons
flow through the base to the collectorn)

:: G.L_:e“* (N e’l‘_,._ C? i)

B. in PNP transistors. free electrons flow from coliecior to base and trom base
to emitler. causing current flow

{(NOTE: Because the crmitter-base junction is a low resistance region, the
small input signal applied to the emitter resuits in maximum current flow.)

S

Veg

Characteristics of transistor emitters, bases, and collectors (Transparency 1)
A Emilters

1 Are mos! heavily doped section of transistor

2. Have most majority current carriers

3. Carry all current {hat passes into or out of transistor

4.  Are indicated schematically by an arrowhead
B. Bases

1. Are constructed verv nanowly 10 improve  transistor frequency
response

2. Control current How thiough transistor

€y ry .

Ar Q‘:“

BE-427
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INFORMATION SHEET

3. Contain material opposite other two sections of transistor
4. Carry only small portion of current passing into or out of transistor
5  Are indicated schematically by a perpendicular line

C. Collectors
1. Are often connected to metal case of transistor
2. Carry large amount of total current into or out of transistor
3. Are indicated schematically by a diagonal line

IV.  Emitter, base, and collector of vanous transistors
A Circuit symbols
(NOTE: The emitter lead in both symbo!s is the one with the arrowhead.)

1. pnp transistor

Emitier Coliector

Base

2. npn transistor

Emitter Collectior

Base
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INFORMATION SHEET

Leads for common transistor cases (Transparency 2)

(NOTE: There are many types of transistors cases identical to those of sili-
con-controlled rectifiers and field-effect transistors. Because the leads are
not standard, it is best to consuit a reference manual {o determine the
leads for the particular part number.)

1. T0-3 case

2. TO0hcase

3. T0-20 case

20

L 9P 0:?.



INFORMATION SHEET

4. T0-23 case

5 T70-220 case

V. Characteristics of bipolar and fieid-efiect transistors
A, Bipolar transistors
1. Are current-controlled devices
2. Have higher frequency response
3. Have higher power ratings
8. Field-effect transistors
1. Are voltage-cantrolled devices
2. Have higher input impedance
3. Produce iess noise
Are less sensitive to heat
Are able to operate at higher voltage

Are less sensitive 10 radiation

NG b

Are more sensitive {0 static

[

ot
]
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INFORMATION SHEET

Special semiconductor devicus and their applications (Transparencies 3 and 4)

A. Field effect transistor (FET) -—— Serves as high-input impedance device for
amplifying input voltage variations applied to gate: used as amplifier

—al] >

P-channel N-channel

B. Unijunction transistors (UJT) — Switches on and off according to voltages
and bias applied; vsed as oscillator or puise generator

C. Silicon Controlled Rectifier (SCR) — Rectifies AC to DC according to timing
of electrical impulse to gate lead; used as controliable rectifier and fre-
quently as a switch

—

D. Diac — Switches on in either direction when voltage levels reach break volt-
age. used fo provide triggering to AC control circuits

e g




INFORMATION SHEET

E. Triac -~ Switches on in either direction when gate is triggered; used to vary
AC power

F Silicon Controlled Switches (SCS) — Switches on or off by triggering either
of two gates, but conducts current in only one direction; used as variable
output rectifier or as DC electronic switch

G. Light Activated Silicon Controlled Rectifier (LASCR) -- Switches on accord-
ing to gate potential and intensity of light; used to control outdoor lighting
circuits and other light-affected processes

N

Vil.  Features of a typical dual in-line package (DIP) integrated circuit (Transparency 5,
Assignment Sheet #2)

A, Manufacturer's name or logo
B. Part number
1. Prefix
(NOTE: The prefix varies among manufactureis.)
2. Number

(NOTE: The number may be identical or almost identical among man-
ufacturers.)

3.  Suffix

(NOTE: The suffix s the code for package mater‘al, temperature
range, and so forih, It varics among manufacturers.)
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F

G.
H.
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Date code

(NOTE: The date code is a numerical combpination ot the year and the week
of manufacture.)

Notch, smalil indentation, or {ab
Pins

(NOTE: Pins are numbered consecutively down one side and up the other
side.)

Distance between pin centers
Case

Top

Finding number-one pin on integrated circuits

A

Duat in line package (DIP) — When viewing from top with notch or indenta-
tion at top, the first top-left pin is pin number one.

Indentation and/or Notch

314
313
312
311
110
19

8

NN -

Case package

1.  Tab between pins — When viewing from the bottom, the pin clock-
wise of the tab is pin number one.

Tab——

dia



INFORMATION SHEET .

Tabvin dine with pin -~ When viewing from the bottom. the pin clock-
wice of the tab g pin number one.

P

Rottom View 2 3
1
4
8 _—
Pin and \ 5
Tab in 5
Line 6

iX.  Advantages of integrated circuits as compared to discreie components In equiva-
lent cucuitry

A Are more rehable

(NOTE: Less component-to-« mponent circuitry improves reliability and
reduces cost of electrenic equipment.)

i3 Generally roquire lower power
. A Joss oSty .
N Are smalter, maore compact, and lighter in weight

iINOTE Integrated-cweuit devices have made space travel and exploration
passible by virtue of their small size and light weight. They have also made
poweriyl computers less costly and smalier)

b Are cpapler angd taster to design and fabricate

f Provuds sisnplitied compatibility of interconnecting circuitry
(NG bitegrated circuits of the same logic. such as TTL, can be readily
interconnectod withaout much concern for impedance matching, various
voltage requitements, ar switching-speed variations.)

X.  Guidelines to follow when working with integrated circuits

A Store 108 G0 antistalic containers.
INOTE A cnomt may be easily destroyed by static electricity.)

f4 Wear static grounded wrist strap.

(. Use low wattage soldering iron.

(NOWE . Anointe nated circuit requires special grounded and temperature-

tonhiobied sole ding irons)
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Avoid overheating components when seiddering

Do not use acid solder, chloride Huxes, ¢ paste Hoaes
Do not remove ICs or PCBs with power on.

Do not apply signals to inputs when power 15 01t

Conazult reference manual for proper vollayes and connechion require-
ments.

Use special test clips to avoid shorting between ferminals,

Do not use analog multimeters ot continuity tester 1o test tor shorts and
open circuits.



PNP Transistor Majority Current Carriers

p-Matierial n-Ma{erial p-Ma}erial

< ; DI [ <= q
Emitter Lead = <}\ Collector Lead

Electron Current Electron Current
Flow Flow

IH Base Lead
Electron

Current Flow

A

'm

£ L4
4.

403

lE¥-39
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Various Transistor Cases

TO-220 Case TO-5 Case

TO-23 Case

TO-3 Case

=

405 ™:



Special Semiconductor Devices

Cathode Lead

iy

/, )
Gate Lead
Substrate
o
771 7
Anode e
(Case)
SCR or TRIAC
q4:4;

BE-441
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Special Semiconductor Devices
(Continued)

Glass Window

| -
~ f \ ‘\_//‘
N- channel “ P-channel
U
Typical LASCR Typical FETs Typical UJT

Solid-state devices cannot be distinguished by the cases.
Bipolar transistors, UJTs, FETs, and SCRs are often encapsulated in identical cases.

414,
407

YL
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Features of a Typical Dual In-Line Package
Integrated Circuit

Number Suffix

Prefix
Manufacturer's Name
<o"\\‘°\’
3 )

Date Code

(TB = 1978 )
24 = Week 24

or Logo 2
{Logo for Texas -
Instruments is

shown.)

Case
#14
Notch, Small L
Indentation p ¥
or Tab | Distance Betw een Pin Centers
(Device to Locate Pin (Distance between pin centers is 2.54 mm.)

Number One)

2

Shv-38
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SEMICONDUCTOR DEVICES
UNIT Vi

JOB SHEET #1 — PERFORM A £ ATIC TEST OF
SEMICONDUCTOR DIODES

Equipment and materials needed

1. Multimeter (either digital or analog)

2. Four different types of diodes from your instructor
Procedure

1. Determine the polarity of your unmmeter leads.

2. Connect thz positive lead of the ohmmeter to the anode ¢t the diode and the neg-
ative lead of the ohmmeter to the cathode of the diode.

3. Read and record the ohmmeter reading in the data table below.

(NOTE: The ohmmeter should be on a R x 100 scale to avoid possible damage to
the dicde.)

4. Reverse the ohmmeter connection to the diode; read and record the ohmmeter
reading.

5. Determine from the ohmmeter reading whether the diocde is good or bad.
(NOTE: A good diode will have a iow ohmic reading in the forward-biased direc-
tion and a high ohmic reading when reverse biased Typical reverse forward bias
ratios would be 100 to 1)

6. Repeat the above procedure for each of your diodes.

DATA TABLE 1 — STATIC TEST

: -‘.DtODE FORWARD REVERSE GOOD OR
RESISTANCE RESISTANCE BAD
D,
D, )
o bs —
D

C e e - e [V -

7. Return equipment and materials to proper storage area.

e
[y

e,
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. SEMICONDUCTOR DEVICES
UNIT ViI

JOB SHEET #2 — TEST AND ACCEPT/REJECT, REPLACE
LIGHT SENSITIVE DEVICES

A, Equipment and materials needed
1. Multimeter
2. Cadmium sulphid: photoceli
B. Procedure
1. Determine polarity of meter leads.
2. Set ohmmeter to the R x 1K scalo.
3. Connect the meter leads to the photocell.

4. Reco: the ohmmeter reading.

Resistance room light _.

. 5. Cover the top of the photccell and record the chmmeter reading.
Resistancedark ____
(NOTE: Reject device if ohmmeter reading does not change.)

6. Return equipment and material to their proper siorage area.




SEMICONDUCTOR DEVICES
UNIT VIl

JOB SHEET #3 — TEST TRANSISTORS

A, Equipment and materials needed

1.
2.
3.

Assortment of transistors (both signal and power types)
Muitimeter (digital or analog)

Transistor tester (if available)

B. Procedure

1.

S_,"t

Caretully examine the assortment of transistors and note the di*ferences in size,
shape, and lead arrangements.

(NOTE: Power transistors are typically a TO-220 or a TO-3 case.)
Choose two signal transistors and one power transistor.
Determine which meter lead is positive and which is negative.

(NOTE: Either get this from the manufacturer's instruction book or by measuring
the voltage with a voltmeier.)

identify the emitter, base, and collector ieads.
Place the ohmmeter on R x 100 range.

(NOTE: This is necessary because there may be too much voltage if the ohmme-
ter is placed in a high range.)

Determine the forward-biased emitter base junction.

a. Place the positive ohmmeter iead on the emitter lead and the negative
ochmmeter lead on the base lead.

b. Note the resistance reading.

C. Place the negative chmmeter lead on the emitter and the positive chmme-
ter lead on the base.

d. Note the resistance reading.
e. Compare the two resistance readings.
f. Repeat Steps a through e for the collector-base junction.

BE-451
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JOB SHEET #3 .

a. From above reading, determine whether the transistor is good or bad.
h. It the transistor tested was good. state whether it is PNP or NPN.
i. if the transistor tasted was bad, state where it was open or shorted.

7. Ifyour lab has a transistor 1ester, fol’ .- ing the instructions given in operations
manual, check the transistor.

8. Check your findings with your instructor.

DATA CHART

EMITTER-BASE JUNCTION

Ru( e e .

COLLECTOR-BASE JUNUWTION

R(‘Q; ——————— A . e o

A ——————— e

TYPECF TRANSISTOR _____

PR —

9. Return equipment and material to their proper storage area.
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. SEMICONDUCTOR DEVICES
UNIT Vii

JOB SHEET #4 — TEST AND ACCEPTI/REJECT, REPLACE
SILICON-CONTROLLED RECTIFIERS

A Equipment and materials needed
1. Multimeter (digital or analog)
2. Silicon controlied rectifier
B. Procedure
1. Determine polarity of meter leads.
2. Set ohmmeter to the R x 1K scale.

3. Connect the positive meter iead to the anode and the negative meter lead to the
cathode.

4. Observe a hich resistance meter reading indicating non-conduction.
. 5. Connect a jumper wire from the anode to the gate and observe the meter reading.

(NOTE: Reject if ohmmeter reading does not change to a low resistance indica-
ting conduction.)

8. Remove the jumper from the anode and gate.
7. Observe the meter reading and reject if different than that of Step 5.

8. Return equipment and material to their proper storage area.
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Match the terms on the right with their correct definitions.

SEMICONDUCTOR DEVICES

UNIT Vi

NAME .

TEST

(NOTE: Answers to questions a.-i. appear on this page.)

— b

e R pm—, ¥ 4

a.

Solid-state semiconductor device usually
having thrce terminals; varies conductivity
according 12 voltage and current inputs

Most heavily doped section of transistor
where majoritly current rarriers travel
inward, and thus are emitted into the device

Section of transistor in which majority cur-
rent carriers are collected out of the device

Control section that varies conductivity of
the transistor

State when all normal charge carriers are
flowing in a device

When an increase in collecior voltage no
longer causes an increase in collector cur-
rent and with an increase in base current it
no longer causes an increase in coliector
current

Process of adding current-conducting impu-
rities into crystal materials to make semi-
conguctors

Ability of a device to amplity a frequency
without distortion or aitenuation

Hoies in the p-type semiconductor and elec:
trons in the n-type semiconductor that trans-
fer most of t;,\e current within a type of
semiconductor material

Voitage from the gate to the source of fietd-
effect transistors at which conduction of
current ceases

Area within semiconductor material where
charge carriers are neutralized

Field-effect transistor operation in which a

negative voltage on the gate repels elec-
trons in the channel and reduces conduc-

tion
41

——dn

.
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e ~ s ke

Frequency response
Cutoft

Depletion region
Collector

Pinch-off voltage
Saturation

Doping

Emitier

Base

Depletion mode

. Transistor

Majority correct ~arri-
ers
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TEST

(NOTE: Answers to guestions m.-y, appear on this page}

—— .

SOV ) ¥

SN ¢

U A

s — o X

B A

Field-effect transistor operation in which a
positive voltage on the gate attracts elec
trons inrto the channe! and increases con-
duction

Voitage level at which a diode device will
switch on and conduct current

Total oppositior to current at the input of a
device

Total opposition to current at the output of a
device

Electrical impulse used to turn devices on
and oft

Device constructed of multipie segments of
semiconductor materials and junctions con-
taining the equivalent function of such dis-
crete devices as transistor and diode
junctions and resistors

Base malerial of an integrated-circuit chip
upon which the circuitry is formed

Component composed of one tunctional
element as opposed to an integrated-circuit
device composed of many elements

Component that operates at any volitage
level within a range

Component that has the same gain or reac-
tion 1o the input over the operating range
regardless of frequency or environmental
factors such as temperature and humidity

Circuitry, wiring. and devices of an elec-
tronic instrument or computer

integrated circuit

Device in which active elements (such as
transistors) and passive elements (such as
resistors) are integrated into a continuous
single component on a single substrate

.
o
[
&

13.

14,

15.

16.

17.

18.

19.

21.

22.

23.

24,

25,

Break voltage
Trigger

Analog device
Linear device
Output impedance
Chip

Substrate
Enhancement mode

Monolithic integrated
circuit

Hardware
Discrete device
integrated circuit

Input impedance



TEST

(NOTE: Answers to questions z.-ff. appear an this page.)

hd
L.

i)

aa.

bb.

dd.

2.

Device in which discrete components and
integrated circuits are combined into an
integrated package

Electrode of a field-effect transistor corres-
ponding to the emitter of a bipolar transistor

Electrode of a field-effect transistor corres-
ponding to the collector of a bipolar transis-
tor

Electrode of various semiconductor devices
that provides control for operation

Narrow path within a field-effect transistor
through which conduction of current is con-
frolled

Electromagnetic force that controls conduc:
tion in field-elect transisto:s

A device that has conducting paths printed
on a board

29.

30.

31.

Channel

. Hybrid integrated cir-

cuit

Printed circuit board
Field etfect

Source

Drain

. Gaie

2 Indicate the direstion of current flow in the following transistors by drawing arrows {o
indicate the direction of flow.

a

E B C
pO
N o N ©
VEE VCG
- 4 .

41",
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TEST

E o) C
oP GNGP

e

D
()=

+ - +

3. Select from the following list characteristics of transistor emitlers. bases, and collec-
tors. Write an “E” in the blanks belore emitter, a "B" before base, and a "C"” before col-

lector

R -

—ean £

Are most heavily doped section of transistor

Are constructed very narrowly to improve transistor frequency response
Are indicated schematically by a diagonal line

Carry large amount of total current into or out of transistor
Are indicated schematically by a perpendicular line

Have most majonty current carniers

Are indicated schematically by an arrowhead

Control current flow through transistor

Are often connected {o metal case of transistor

Carry all current that passes into or out of transistor
Contain material opposite other two sections of transistor

Carry only small portion of cumrent passing into or ocut of transistor

LR ]
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. TEST

4. ldentity the emitter, base, and collector of various transistors. Write the correct names
in the blanks,

a. Circuit symbols

1} pnp transistor

2) npn transistor

b. Common transistors

1) TO5 case




TEST

A RN PN
-t DL SR RN NS

n Coy e
o TR RO S T

. ‘:“3;[-!'&3__.".1!‘- Bohetweon charciensties of bpoha jand helg-eftect transistors, Wrnite a "B”
bebore eponr Charadteonsties and an b e petore fictd effect characteristics,

N Al veltage controbnd desic ey
L Are cunrent contiudhad devieoe
¢ At ieny Sensitive 10 tadaing
N3 Are lens sennitive to bl
Lt Hive Nigher power taligs
f Howe Yagher ot irpedance
¥ Prove gher requenoy 1espunse
h Are abile 1o operate al igher ve agge
R Procdoce bes o
) Ale nore sensitive 1o statye
A

ERIC

Aruitoxt provided by Eic:



6. Match special semicanductor devices on the nght with their conrect applications.

.

b

3]

TEST

Serves as high-input impedance device for
amplitying mput voltage vari.oons apphoo
to gate: used as amplitier

Switches on and off according to vollages
and tas apphed; used as oscillator or pulse
generator

Rectities AC to DC according to timing of
clectrical impulse 1o gate lead: used as con
troliabte rectifier and trequently as a switch

Switches on in either direction when voltage
fevels reach hieak vottage; used to provide
tnggenng to AG control circuits

Switches on aeeording 1o gate potential wing
infensity of fights used 10 control outdoot
ighting wircuits and  other  hight affected
FHOCONSCS

Switahes v either dvection when gate s
tnggered; used 1o vary AC power

Switches an or ol by tnguenng other of two
qates, but conducts current moonly one
diuection, used as vanabie output rect b on
as D electronie saitch

SCR

LASCH

UJT

FET

f1iag

Piac

BE-461



462

TEST

7. Label features of a typical dual indine package inteqrated circuit.

-~
o §
*
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. TEST

B.  Label the number-one pin on integrated cicuits. For each of the ilustrations below,
write a 1" in the correct blank.

a.
O OU ol
. O =]
O -]
= -
. ul
. O -
t.
c.
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i st bovr Dol e Posntedbrro e av compared toanscrcle companents in
cuntert o
i . e
L B
i - e - - — -
i . e v m e e
W omplets fu foioaea bat ot guidennies o tolow when waeang with integraled cir-

VO Dy s g the A cndiee Abn b best coempletew) each statement.

. Al bl vontaierns
L Mt sl i e
L L Aotiagee vobdeniigg ron
ol Ay attheohtate whely soldening.
< ERNTOR o et Bdedde Tiuscn, A X fluxes
¢ Loe onnt s, B0 e G W 0N 4
4 Pro et s e B et s e dd ot 1t
h L LRt R L A AT S and connection requite-
i
Ve oy i Al e La-tween toermanals,

Doy sse S DeTers G enntininty tester t test for shorts and

[EFTE S N BV I

(INOTE B e 2 v wi e e Leet aecaanplished prigr 10 the test, ask your
Istryetor wlusy Yooy bty RN AP

11. [ FATFETRRTRTIL FUNS T S SR T

o P N oo Dot e oo dhindes Wab Shest #6G
b oo Doeephi e gl sensilive devices. tJob Sheet #2)

t, Seud P oty Sheet gl

(. Bt and i optepec U tepdace silicorccontrolled reetihien (Joh Sheet #4)

ERIC

Aruitoxt provided by Eic:
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. SEMICONDUCTOR DEVICES
UNIT Vil

ANSWERS TO TEST

1 a 11 i 5 r 24 z. 27
b. 8 k. 3 s 19 aa. 30
C. 4 I 10 t. 23 bb. 31
d. 9 m. 20 K 15 cc. 32
e. 6 n. 13 v, 16 dd. 26
f. 2 0. 25 w. 22 ee. 29
g. 7 p. 17 X. 18 ff. 28
h. 1 q. 14 y. 21
i. 12

2 a E 8 c

N POt g
o~ ©
i
VEE Vcc
- + - »
o

3. a E g. E
b. B h. B
c. C i C
d. C i E
e. B K. B
. E i B

4. a Circuit symbols

1) pnp transistor
a) Base
b) Emitter
c) Collector

2}  npn transistor
a) Emitter
b) Base
c) Collector
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ANSWERS TO TEST

b. Common iransistor cases
1} T0-5 case
a) Collector
)] Emitter
c) Base
2} T0-20 case
a) Coliector
b) Base
c) Emitter
3y  T0-220 case
a) Base
b) Collector
) Emitter
5 a FET {. FET
b. B g B
c FET h. FET
d. FET i FET
e. B i FET
6. a 4 e. 2
b 3 f. 5
C. 1 g. 7
d. 6
7. a Manufacturer's name or logo f. Date cede
b. Prefix g. Pins
C. Number h. Distance between pin centers
d. Suffix i Notch, small indentation. or tab
e Top J. Case
8 a. b C
’ o U

annnn
guoguuau




9.

10.

11.

ANSWERS TO TEST

Any four of the following.

a.
b.
C.
d.
e

.

oo

T TE o

Are more reliable

Generaily require lower power

Are less costly

Are smaller more compact, and lighter in weight

Are simpler and faster to design and fabricate

Provide simplified compatibility of interconnecting circuitry

Antistatic
Wirist strap
Low
Overheating
Paste

On

Oft
Voltages
Shorting
Analog

Performance skills ~valuated 10 the satisfaction of the instructor
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