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IMPORTANT INSTRUCTIONS

This booklet contains a detailed description and outline of your ADVANCE HOME
TRAINING COURSE. Keep it and your Course Progress Record in a handy place where you
can refer to them as you complete your training program.

HOW YOUR COURSE WILL OPERATE

The lessons and educational aids described in this booklet have been programmed to provide
you with the very finest home study training. You will not receive all of the training materials
at one time. Your training materials will be mailed as you progress successfully through your
ASI course.

Our automatic mailing system operates upon completion of tests and lessons. Send your tests
in sequence. Do not skip tests. Your course is planned so that you may learn the most from
your training and always have on hand a complete and adequate supply of study materials
when you are ready to progress further in your course. REFER TO THE SHIPPING
SCHEDULE AT THE BACK OF THIS BOOKLET.

WRITING TO ADVANCE

Use a Consultation Service Blank to send in questions about your training and educational
materials.

1. On all correspondence, indicate your STUDENT NO. and COURSE NO. If possible —
give the CODE NO. of the item which your question is about.

2. For questions involving counseling or your understanding of the course subject matter,
etc. 0 CHECK THE BOX MARKED EDUCATIONAL SERVICES.

3. For questions involving tuition, financing, missing or damaged materials, etc. 0 CHECK
BOX MARKED Administrative Services.

KEEP A RECORD OF YOUR PROGRESS

A separate Course Progress Record has been provided so that you may keep a record of your
own progress and achievement. Enter your test grades and the dates that you receive each
shipment of training materials.

ALL TRAINING MATERIALS BECOME YOUR PROPERTY

The Advance Home Study Training Materials .included in this course become YOUR

property. They are not loaned to you. We pay shipping charges on all of your course
materials. Materials cannot be requested ahead of time. They cannot be exchanged or left out.

© ADVANCE SCHOOLS, INC. 1972
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LESSON OUTLINE

RADIO AND TELEVISION SERVICE AND REPAIR

COURSE OBIJECTIVE: Completion of this course will enable the ASI graduate to trouble
shoot and repair, Radios, Tape Recorders, Record players, Hi Fi Systems and B& W TV's or
be employed by industry as an analyzer, repairman, phaser, quality control, etc.

.
LESSON NO. 1 (code 52-001)
ELECTRONICS TODAY AND TOMORROW

History and development of electronics, elec-
tronic industry opportunities, electric devices
in the home, electronic devices in industry,
your future in electronics, importance of
theory, course material, importance of
studying lessons in sequence.

[ ]
LESSON NO. 2 (code 52-002)
ELECTRICAL FUNDAMENTALS

Electric age, static electricity, matter and
molecules, ions, electric current, electric
pressure or volts, voltage drop, current and
amperes.

°
LESSON NO. 3 (code 52-003)
OHM'S LAW AND KIRCHOFF'S LAW

Importance of Ohm's Law, rule of thumb,
calculating current, voltage and resistance,
resistance symbols, equations.

)
LESSON NO. 4
MAGNETISM

Natural magnets, artificial magnets, magnetic
polarity, attraction and repulsion, theory of
magnetism, magnetomotive force, electro
magnetism.

(code 52-004)

[ ]
LESSON NO. 5 (code 52-005)
REVIEW FILM LESSON 1 THROUGH 4
YOU RECEIVE:
A 35mm projector, 33 1/3 r.p.m. records, and
a 35mm colored filmstrip.
YOU REVIEW:
Electrical fundamentals, Ohm'’s
magnetism, voltage and resistance.

Law,

L ]
LESSON NO. 6
CELLS AND BATTERIES
The primary cell, secondary cell, nickel cad-
mium cell, output voltage, rating of cells,
current capacity of cells, construction of cells.

(code 52-006)

LESSON NO. 7
DIRECT CURRENT

Direct current flow, direct current force, elec-
tromotive force, calculating current flow,
calculating voltage in circuits, adding voltages,
voltage drop.

(code 52-007)

®
LESSON NO. 8 (code 52-008)
RESISTANCE AND RESISTORS

Resistance, units of resistance, DC resistance
of voltage sources, ratings and color codes,
wire sizes, resistor types and design, and cir-
cuit protection.

[
LESSON NO. 9
ALTERNATING CURRENT
Alternating current, AC vs DC, energy level of
the electron, AC wave forms, the cycle sine
waves, quadrants and degrees, RMS (effective
valves).

(code 52-009)

[ ]

LESSON NO. 10 (code 52-010)
REVIEW FILM OF LESSONS 6 THROUGH 9
YOU RECEIVE:

A 35mm colored review film with audio recor-
dings,

YOU REVIEW:

How cells and batteries are built and operate,
capacity of cells, output voltage and rating of
cells.
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LESSON NO. 11 (code 52-011)
CAPACITANCE AND CAPACITORS

Review of electrostatics, electrostatic fields,
basic capacitors, charging the capacitors,
discharging the capacitor, farads, microfarads
and picafarads.

LESSON NO. 12 (code 52-012)
INDUCTANCE AND INDUCTORS
Coils, inductors, Henries, inductance,

calculating time constants, inductor current
and voltage, self induction induced EMF.

LESSON NO. 13
WIRING AND SOLDERING

Mechanical connections, splices, correct type
of solder, oxidation, soldering procedures,
soldering irons.

(code 52-013)

LESSON NO. 14 (code 52-014)
AUDIO AND RADIO FREQUENCY

Wave length, frequency, velocity, usuable
frequencies, AF distortion, RF harmonics.

LESSON NO. 15 (code 52-015)
REVIEW FILM OF LESSONS 11 THROUGH 14
YOUR RECEIVE:

Another colored review filmstrip with recor-
dings.

YOU REVIEW:

Capacitors, inductors, proper wiring and
soldering, audio and radio frequency.

LESSON NO. 16 (code 52-016)
MODULATION AND DEMODULATION

RF carriers, audio modulation, sideband
generator, modulation percentage, linearity
modulation, wave forms.

LESSON NO. 17 (code 52-017)
REACTANCE AND IMPEDANCE

Coil and capacitor reactance, reactance effect,
reactance calculation, impedance calculation.
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LESSON NO. 18
YOUR HOME WORKSHOP
Work area, lighting, tools and equipment,
power, cleanliness.

(code 52-018)

°
LESSON NO. 19 (code 52-019)
STARTING YOUR OWN BUSINESS

Newspaper ads, door to door leaflets, itemized
receipts, work orders, guarantees, discounts,
parts, suppliers, pick up and delivery of units.

LESSON NO. 20 (code 52-020)
REVIEW FILM OF LESSONS 16 THROUGH 19
YOU RECEIVE:

A colored review filmstrip with recordings.

YOU REVIEW:

Modulation and demodulation, reactance and
impedance, your home workshop and business.

®
LESSON NO. 21 (code 52-021)
TRANSISTORS AND THEIR USES
Solid state devices, diodes, FETS, SCRS,
thermo stabilization, limitations, circuit con-
figurations, NPN and PNP transistors

L J
LESSON NO. 22
VACUUM TUBES
Principles, construction, applications diode,
triode, pentode and power rectifier types..

(code 52-022)

[ J
LESSON NO. 23 (code 52-023)
SYMBOLS AND SCHEMATIC DRAWINGS

Component symbols, use of symbols, reading
and understanding schematics, why used.

LESSON NO. 24 (code 52-024)
REVIEW FILM OF LESSONS 21 THROUGH 23
YOU RECEIVE:

Your fifth colored review filmstrip with recor-
dings.

YOU REVIEW:

Transistors, vacuum tubes, construction, ap-
plications, types, schematics, reading com-
ponent symbols.



[
LESSON NO. 25
AF and RF INDUCTORS
RF choke coils, AF choke coils, multi-layer
coils, single layer coils, core materials,
variable inductors, slug toned inductors.

(code 52-025)

LESSON NO. 26 (code 52-026)
POWER AND AUDIO TRANSFORMERS
Transformer turns ratio, step up and step
down ratios, impedance, secondary types,
audio interstage flyback transformers.

LESSON NO. 27

RF and IF TRANSFORMERS
Tuned and untuned transformers, series and
parallel tuning, broadband IF systems, im-
pedance matching, balanced loops, ferrite
loops.

(code 52-027)

LESSON NO. 28 (code 52-028)
SPEAKERS AND MICROPHONES

Crystal microphones, dynamic microphones,
tweeter and woofers, multiple speaker circuits,
impedance matching.

LESSON NO. 29 (code 52-029)
REVIEW FILM OF LESSONS 25 THROUGH 28
YOU RECEIVE:

A colored review filmstrip with recordings.

YOU REVIEW:

AF and RF inductors, power and audio
transformers, RF and IF transformers,
speakers and microphones.

°
LESSON NO. 30
TUNED CIRCUITS

Tank circuits, parallel tuned circuits, IF
transformers, filter net works, Q factors.

(code 52-030)

LESSON NO. 3t
MULTIVIBRATORS
Free running, bi-stable, monostable, Schmitt

trigger, differential amplifiers, solid state
switches.

(code 52-031)

LESSON NO. 32
OSCILLATORS

Frequency generators, oscillatory circuits,
Armstrong-Hartley and Colpitts oscillators,
electron coupled oscillators, frequency-
stabilization, crystal controlled oscillators.

(code 52-032)

LESSON NO. 33 (code 52-033)
ANTENNAS AND RADIO WAVES

AM antennas, FM antennas, TV antennas-
VHF and UHF, antenna sensitivity, mobile
type antennas.

LESSON NO. 34 (code 52-034)
REVIEW FILM OF LESSONS 30 THROUGH 33
YOU RECEIVE:

Your colored review filmstrip with recordings.
YOU REVIEW:

Tuned circuits, tank circuits, multivibrators,
oscillators, frequency stabilization, antennas
stationary and mobil types.

LESSON NO. 35
AMPLITUDE MODULATION
AM broadcasting, plate modulation, alternate
methods, audio amplifiers, studio sound equip-
ment

(code 52-035)

LESSON NO. 36
FREQUENCY MODULATION
FM broadcasting, reactance tube modulation,
phase shift, studio sound equipment.

(code 52-036)

LESSON NO. 37 (code 52-037)
COMPOSITE SIGNALS AND MULTIPLEXING
Signal syncronization, video information,
sound frequency, chroma information.

LESSON NO. 38
FREQUENCY CONVERSIONS
Hetrodyne principle, oscillator mixer, conver-
ters, transistor use, vacuum tube use, sterco
signals.

(code 52-038)
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LESSON NO. 39 (code 52-039)
REVIEW FiLM OF LESSONS 35 THROUGH 38
YOU RECEIVE:
Another colored review filmstrip with recor-
dings.
YOU REVIEW:
Amplitude modulation, frequency modulation,
composite signals, multiplexing and frequency
conversion.

LESSON NO. 40 (code 52-040)
AUDIO FREQUENCY AMPLIFIERS
Transformer coupling, RC coupling, direct
coupling, ratings, sound amplifiers, interstage
amplifiers.

LESSON NO. 41 (code 52-041)
RADIO FREQUENCY AMPLIFIERS

Triode amplifiers, multi-element tubes, groun-
ded grid transistor circuits, coupling methods,

frequency selection IF amplifiers, super
hetrodyne principle.

L
LESSON NO. 42 (code 52-042)

POWER AMPLIFIERS
Amplifier classes, distortion, linearity, am-

plifier types, stereo amplifiers, ratings,
frequency response.

°
LESSON NO. 43 (code 52-043)

POWER SUPPLIERS
Rectifier circuits, wave forms, tube rectifiers,

solid state rectifiers, transformer ratings,
voltage regulation.

®
LESSON NO. 44 (code 52-044)

REVIEW FILM OF LESSONS 40 THROUGH 43
YOU RECEIVE:

A colored review filmstrip and audio recor-
dings.

YOU REVIEW:

Audio frequency amplifiers, radio frequency
amplifiers, power amplifiers, and power sup-
plies.
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LESSON NO. 45
SWITCHES AND RELAYS

Rotary switches, multipoint switches snap ac-
tion, multideck switches, push button types,
electromagnetic relays, circuit breakers, reed
relays.

(code 52-045)

LESSON NO. 46
PRINTED CIRCUITS
PC Board materials, etching methods,
fabrication methods, soldering techniques, PC
components, plug-in modules.

(code 52-046)

LESSON NO. 47 (code 52-047)
CIRCUIT DIAGRAMS FOR SERVICING

Block-type diagrams using diagrams isolating
the trouble, understanding circuit diagrams,
locating components, audio and video paths.

LESSON NO. 48 (code 52-048)
REVIEW FILM OF LESSONS 45 THROUGH 47
YOU RECEIVE:

Another colored review filmstrip with recor-
dings.

YOU REVIEW:

Switches and relays, printed circuits, circuit
diagrams, servicing and the assembly and oper-
ation of kits K-102 through K-112.

LESSON NO. 49 (code 52-049)
WORKING WITH TRANSISTORS

Type selection, proper application, heat sinks,
soldering, substitution testing for defective
transistors, transistor shapes and sizes.

LESSON NO. 50 (code 52-050
CONNECTING THE COMPONENTS

Location of components, workmanship,
mechanical attachment, heat sinks.

LESSON NO. 51

TEST EQUIPMENT
Why needed, how to use, what they do, repair
and maintenance, basic principles, inter-
pretation of readings.

(code 52-051)



LESSON NO. 52
VOM and VTVM
Basic circuits, AC measurements, DC
measurements, resistance measurements,
proper applications.

(code 52-052)

[ 4

LESSON NO. 53 (code 52-053)
REVIEW FILM OF LESSONS 49 THROUGH 52
YOU RECEIVE:

A colored review filmstrip and audio recor-
dings.

YOU REVIEW:

Working with transistors, connecting com-
ponents, test equipment, VOMS and VTVM’s.

°
LESSON NO. 54
SIGNAL TRACER

Locating defects, signal injection, attenuation,
modulated signals, what and where to check.

(code 52-054)

®
LESSON NO. 55
SIGNAL GENERATORS
Frequency range, audio tone, harmonic
generator, circuit tracing, injecting a signal,
checking control voltages, visual indication.

(code 52-055)

LESSON NO. 56
TRANSISTOR TESTERS
Testing NPN and PNP transistors, determining
beta, leakage current, in-circuit testing, tester
circuits.

(code 52-056)

LESSON NO. 57
TUBE TESTER
Mutual conductance, short test, gassy tubes,
loose elements, tube replacement, tube tester
charts.

(code 52-057)

LESSON NO. 58 (code 52-058)
REVIEW FILM OF LESSONS 54 THROUGH 57
YOU RECEIVE:

A colored review filmstrip with recordings.
YOU REVIEW:

Signal tracers, signal generators, transistor
testers and tube testers.

LESSON NO. 59

OSCILLOSCOPES
Scope types, applications and uses, wave
shapes, as a measuring instrument, frequency
measurements, signal tracing.

(code 52-059)

LESSON NO. 60
INTEGRATED CIRCUITS
Multi element devices, application, packaging,
testing, replacing, types.

(code 52-060)

LESSON NO. 61 (code 52-061)
AM RADIO RECEIVERS PART 1

Power supplies, built in antennas, RF and IF
circuits, converter stage, detector and A.V.C.,
audio circuits, tone and loudness system.

LESSON NO. 62 (code 52-062)
AM RADIC ]ECEIVERS PART 2

Voltage distributors, RF signal, frequency
conversion, IF signals, detection and level
control, audio signal.

LESSON NO. 63 (code 52-063)
REVIEW OF LESSONS 59 THROUGH 62
YOU RECEIVE:

A colored review filmstrip with recorderings.
YOU REVIEW:

Oscilloscopes, integrated circuits, AM radio
receivers parts 1 and 2.

LESSON NO. 64

AM RADIO SERVICING
Inoperative receivers, distortion and hum,
weak and noisy, checking voltages, stage
isolation,

(code 52-064)

.
LESSON NO. 65
FM RECEIVERS PART 1
Power supplies, RF and IF circuits, converter
stage, amplitude limiter, FM detectors, AVC
and AFC, sound section.

(code 52-065)

E141



L ]
LESSON NO. 66
FM RECEIVERS PART 2
Voltage distributors, RF-signal, frequency
conversion, IF signal, detectors and level con-
trols, audio signal.

(code 52-066)

LESSON NO. 67
FM RADIO SERVICING

Inoperative receivers, distortion and hum,
weak and noisy, checking voltages, stage
isolation, pinpointing defects, selecting
replacements, alignment.

(code 52-067)

LESSON NO. 68 (code 52-068)
REVIEW FILM OF LESSONS 64 THROUGH 67
YOU RECEIVE:

Another colored review film strip with audio
recordings.

YOU REVIEW:

AM radio servicing, inoperative receivers,
hum, etc., also FM radio servicing on the
inoperative receivers, hum, etc.

LESSON NO. 69

AUTO RADIOS TUBE TYPE
Power source, vibrator supply, auto antennas,
RF, IF and detector, AFC and AVC systems,
audio circuits, push button tuning.

(code 52-069)

LESSON NO. 70 (code 52-070
AUTO RADIOS TRANSISTOR TYPE

Power distribution, RF, IF and detector, AFC
and AVC systems, audio circuits, bias control,
signal seeking systems.

LESSON NO. 71
AUTO RADIOS SERVICING
Antenna troubles, ignition and static noise,

push button tuning repair, defective in-
stallation.

(code 52-071)
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LESSON NO. 72 (code 52-072)
REVIEW FILM OF LESSONS 69 THROUGH 71
YOU RECEIVE:

A colored review filmstrip with recordings.

YOU REVIEW:

Tube type auto radios, transistor type auto
radios, servicing AM FM types and antennas.

°
LESSON NO. 73
RECORD PLAYERS

Cartridge and needles, tone arms, turn tables,
motors, automatic record changers, amplifier,
monaural records.

(code 52-073)

[ J
LESSON NO. 74
TAPE RECORDERS PART 1
Recording heads, erase heads, capstan drive,
bias oscillator, multi track heads.

(code 52-074)

[
LESSON NO. 75
TAPE RECORDERS PART 2
Record and playback, tapereels, cartridge and
cassette, multi track recording.

(code 52-075)

[ ]
LESSON NO. 76
TAPE RECORDER REPAIR
Mechanical repairs, cleaning and lubricating,
test tapes, electronic checks, frequency
response, flutter and wow.

(code 52-076)

[ ]
LESSON NO. 77 (code 52-077)
REVIEW OF FILM OF LESSONS 73 THROUGH
76
YOU RECEIVE:
A colored review filmstrip with audio recor-
dings.
YOU REVIEW:
Record players, cartridge and needles, tone
arms, tape recorders, and tape recorder
servicing.

LESSON NO. 78
STEREO HI-FI

Stereo phono cartridge, multiplex decoder,
stereo records, speakers and enclosures, sound
filters.

(code 52-078)



L
LESSON NO. 79 (code 52-079)
CIRCUIT THEORY AND FUNDAMENTALS
OF TV

Block diagrams, schematic, tuner and video
system, synchronization circuits, IF and sound
strips, CRT circuits, location charts.

L ]
LESSON NO. 80
ANALYSIS OF TV CIRCUITS
Integrating circuits, clipping and clipper cir-
cuits, differentiating circuits, fly-back actions,
separator circuits, level clamping.

(code 52-080)

[ ]
LESSON NO. 81
RECEIVING ANTENNAS
Installation, feed lines, distribution systems,
multi set amplifiers, FM antennas, UHF/VHF
antennas.

(code 52-081)

LESSON NO. 82 (code 52-082)
REVIEW FILM OF LESSONS 78 THROUGH 81
YOU RECEIVE:

A colored review filmstrip with recordings.

YOU REVIEW:

Stereo hi-fi operation and theory, analysis of
TV circuits, receiving antennas, separator cir-
cuits, flyback action.

LESSON NO. 83
TELEVISION TUNERS
Channel width, antenna couplers, RF stage,
mixer stage, oscillator, tuning systems, tuner
adjustment.

(code 52-083)

[ ]
LESSON NO. 84
TELEVISION IF SYSTEMS
IF frequencies, bandwidth adjustment, spot
frequencies, IF gain, sync clipping, sound take
off, video detector, sync separating.

(code 52-084)

LESSON NO. 85 (code 52-085)
TELEVISION AUDIO SYSTEMS

Audio circuits, sound detectors, amplitude
limiting, tone and volume circuits, sound take
off, speakers.

°
LESSON NO. 86 (code 52-086)
TELEVISION VIDEO SYSTEMS PART 1

Video wave form, system response, DC
restoration, video peaking, video amplifier,
video detector.

LESSON NO. 87 (code 52-087)
REVIEW FILM OF LESSONS 83 THROUGH 86
YOU RECEIVE:

Another colored review filmstrip and recor-
dings.

YOU REVIEW:

Television tuners, audio and intermediate
frequencys and part 1 of TV video systems.

LESSON NO. 88 (code 52-088)
TELEVISION VIDEO SYSTEMS PART 2
RC coupling, DC coupling, RL coupling,
pulse shaping, developing AGC, sync
separator control.

LESSON NO. 89 (code 52-089)
CATHODE RAY TUBES & SYNC CIRCUITS

Sweep systems, flyback transformers, yoke
coils, anode circuit, focus control, ion deflec-
tion, interlaced scanning.

LESSON NO. 90 (code 52-090)
TELEVISION CIRCUIT TRACING

Mechanical layout, uniform circuit layout, ser-
vice literature, component placement, stan-
dard wave forms, oscillator patterns.

LESSON NO. 91 (code 52-091)
TELEVISION TROUBLESHOOTING PART 1

Power section, vertical section, horizontal out-
put, horizontal AFC, sync clipper, sync
separator.
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LESSON NO. 92 (code 52-092)
REVIEW FILM OF LESSONS 88 THROUGH 91
YOU RECEIVE:

A colored review filmstrip and audio recor-
dings.

YOU REVIEW:

TV video systems, cathode ray tubes, TV cir-
cuit tracing and TV troubleshooting part 1.

[ ]
LESSON NO. 93 (code 52-093)
TELEVISION TROUBLESHOOTING PART 2
Hi voltage section, damper, IF section, tuners,
video amp., CRT circuit.

[ J
LESSON NO. 94 (code 52-094)
ADVANCED TV SERVICING PART 1
CRT defects, manufacturers bulletins, vertical
instability, horizontal instability, sync inter-
ference, linearity problems, video circuits.

E141
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LESSON NO. 95 (code 52-095)
ADVANCED TV SERVICING PART 2
Remote controls, damper circuits, clip in test
components.

[
LESSON NO. 96 (code 52-096)
REVIEW FILM OF LESSONS 1 THROUGH 95
YOU RECEIVE:
The last colored review filmstrip.
YOU REVIEW:
TV troubleshooting, advanced TV serviging,
a final over all review, and the assembly and
operation of kits K-113 through K-120.



HOME LABORATORY KITS

19 quality kits including tool set, prewired units and specifically engineered electronic
kits for you to use, build and keep.

KIT NO. 1 code K-102

YOU RECEIVE: Hand tools, soldering irons, solder, shop apron and a tool use and
care manual,

YOU PRACTICE: Correct use of your tools and how to keep them in working condition.
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KIT NO. 2 code K-103

YOU RECEIVE: A prewired multitester and operation manual with lab experiments.

YOU PRACTICE: Reading the meter scales and how to set your meter for resistance,
direct current and alternating current,

KIT NO. 3 code K-104

YOU RECEIVE: Kit A of your signal generator, with assembly instructions and lab ex-
periments.

YOU BUILD: The first section of your signal generator and also check values of the
various kit components with your multitester.
Caution: save all extra wire, etc., it will be needed later.
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KIT NO. 4 code K-105

YOU RECEIVE: The second section of your signal generator, assembly manual and lab
experiments.

YOU BUILD: The second part of your generator after checking the component values as
with the preceding kit.

KIT NO. § code K-106

YOU RECEIVE: The third and final kit of your signal generator, assembly manual,
operation instructions and lab experiments.

YOU BUILD: The final stage of the generator and test it out as per instructions.

1 E141



KIT NO. 6 code K-107

YOU RECEIVE: Your prewired signal tracer, operating instructions, and lab ex-
periments manual, 1

YOU PRACTICE: Signal tracing on any table model radio and later on through the por-
table AM radio which you will build.

c-?rm -

[

]

KIT NO. 7 code K-108

YOU RECEIVE: The first kit of your vacuum tube volt meter, assembly manual with
lab experiments, |

YOU BUILD: The first section of your V.T.V.M. kit, and check components with your
multitester for correct values.

E141 12
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KIT NO. 8 code K-109

YOU RECEIVE: Your second V.T.V.M. kit with which you will finish assembling the
unit. This includes assembly manual with lab experiments.

YOU BUILD: The final stages of the vacuum tube volt meter and then check it out per in-
structions.

KIT NO. 9 code K-110

YOU RECEIVE: A transistor checker and operating instruction manual with lab
experiments.

YOU PRACTICE: Checking NPN and PNP type transistors in circuit and out
of circuit.
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KIT NO. 10 code K-111

YOU RECEIVE: The first half of your portable 6 transistor AM radio kit and assem-
bly manual with lab experiments.

YOU BUILD: The first section of the transistor radio and check out the components with
both your multitester and V.T.V.M. plus practicing with your signal tracer,

KIT NO. 11 code K-112

YOU RECEIVE: The final half of your transistor radio with assembly instructions and
lab experiments.

YOU BUILD: The last section, align it and experiment with your multitester, V.T.V.M.
signal tracer and signal generator.
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KIT NO. 12 code K-113

YOU RECEIVE: Your prewired DC power supply, operating instructions and lab
experiments,

YOU PRACTICE: Connecting the power supply leads to AM battery operated radios.
Also practice checking the four different voltage outputs with your multitester and
V.T.V.M.

KIT NO. 13 code K-114

YOU RECEIVE: Kit “A” of your oscilloscope plus assembly manual with lab
experiments.

YOU BUILD: The first section of the scope and test the various electronic components
with both your multitester and V.T.V.M,
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KIT NO. 14 code K-115

YOU RECEIVE: Kit “B” of your 5” broad band oscilloscope with assembly manual
and lab experiments.

YOU BUILD: The second section of your scope and perform tests as outlined in the
manual,
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KIT NO. 15 code K-116

YOU RECEIVE: Your third and final oscilloscope kit with assembly manual and lab
experiments.

YOU BUILD: This last section of your scope and test it out according to the instructions
in the manual and perform experiments as directed.
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KIT NO. 16 code K-117

YOU RECEIVE: Section one of your black and white T.V. plus assembly manual and
lab experiments.

YOU BUILD: The first part of your B and W TV and practice testing components with the
equipment you have already received.

KIT NO. 17 code K-118

YOU RECEIVE: Section two of your Black and White T.V. assembly manual and lab
experiments,

YOU BUILD: Part two of the T.V. and perform more tests,

E141 18
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KIT NO. 18 code K-119

YOU RECEIVE: Your third T.V. kit plus assembly instructions and lab experiments.
YOU BUILD: A very important part of your T.V. and make tests as instructed.
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KIT NO. 19 code K-120

YOU RECEIVE: Your final black and white T.V, kit and assembly manual with alignment
instructions and lab experiments.

YOU BUILD: The final stage of your B and W T.V. and check it out to complete your
kits.
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LESSON PACKAGE 3
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LESSON PACKAGE 4
(code No. P-111)
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SHIPPING SCHEDULE

Each Package and Kit of training materials will be shipped as you satisfactorily complete
tests. All preceding tests must be completed before the next shipment. Refer to your

Course Progress Record.

When you reach and complete the test identified in the left column below, the Package or
Kit in the right column will be shipped.

TEST FOR LESSON NO.  LESSON PACKAGE KIT
UPON ENROLLMENT P-108
7 K-102
11 K-103
14 P-109
16 K-104
20 K-105
25 K-106
27 K-107
30 K-108
35 K-109
38 P-110
40 K-110
42 K-111
46 K-112
50 K-113
35 K-114
61 K-115
62 P-111
67 K-116
74 K-117
81 K-118
87 K-119
91 K-120
23
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offered are also available. The Ad-
vance Trades School Division offers
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frigeration and Air Conditioning. Sec-
retarial, Shorthand, Records Manage-
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by the School of Secretarial Sciences
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tary Accounting. The School of Draft-
ing and Design Division offers Home
Study training in all phases of Draft-
ing. The School of Electricity and
Electronics Division includes a wide
choice of courses in Electrical Service
and Appliance Repair. Advance
Schools, Inc. is fully accredited by the
National Home Study Council Accred-
iting Commission.
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Electronics

ELECTRONICS TODAY
AND TOMORROW

INTRODUCTION

Welcome to ASI’s School of Elec-
tricity and Electronics. You have
now entered a new phase of your life
which, if you apply yourself well,
will upgrade your way of living in a
manner that you never thought
possible. When you look at the
opportunities available today for the
man who will take advantage of
them, you will realize that now is
the time to move ahead.

Within the last half century, elec-
tronics has made many changes in
our lives. Such developments as
AM-FM radio, television, communi-
cations, and industrial electronics
have actually improved our way of
living. Our medical, military and in-

dustrial complexes have received
valuable contributions from elec-
tronic discoveries.

The rapid advancement of radio
and television broadcasting has af-
fected each-of us. With the availa-
bility of such mass media, a tre
mendous new field has opened up
for both sales and service.

When automation was first intro-
duced, everyone was talking about
the vast unemployment that would
result when the so-called machine
took over. It has been proven that as

automation progressed, thousands
ui)on tEoEEE'gPaE o! new_jobs ogened
up. Naturally these were not com-

mon labor jobs but were positions
that had to be filled by skilled tech-

Figure 1 — Mr. Sherman Christensen, President of A.S.l. and home office.
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nicians. How did these men become
skilled technicians? — the same
way you are going to become a
skilled technician. You will be able
to apply yourself to a well-planned,
well-written course with quality kits
which, when built by you, will last
many years in your shop and on the
job. Your home projects will lead
you step by step into a clear under-
standing of the field you have chosen.

As you prepare to start your
studies, please remember this: Study
this training course thoughtfully
and deliberately with pencil and
paper available, making sure that all
important points on each page are
jotted down. DO NOT skim through
the lessons. We hope that the rhyme

“This is the day of the half read
page’’ does not apply to you.

Whether you are interested in a
hobby or a well-paying life-time job,
this Electronics course will give you
the how and the way. It is designed
to give you a good solid background

in basic electronics, radio, record

players, tape recorders, and_]m
Wnce you have
completed this course, you will
have the opportunity to take and
understand more advanced courses
such as computers, industrial elec-
tronics, color television, and com-
munications. Most important of all,
you will be earning money repairing
radios, televisions, and other types
of equipment while studying.

Figure 2 — An improvised work table.
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HISTORY AND DEVELOPMENT
OF ELECTRONICS

The world we live in can truly be
called an Electronics World. The
spark that appears when a person
walks across a thick rug and then
touches a doorknob, the bright flash
of light that is caused by lightning,
the voice that we hear on the tele-
phone, the brilliant light that is
produced by an electric bulb or
flourescent lamp, the music that you
hear on your AM-FM radio, or the
picture that you see on your tele-
vision screen is possible because of
the phenomena known as electricity.

The adjective ‘‘electronic” was
not generally used before 1939, and
the noun “‘electronics’’ was probably
first employed as recently as 1942.
is derived

The word “‘electronic”

Electronics

from the Greek word for amber,
“elektron.” Although it has been
known since ancient times that
amber had the peculiar property of
attracting light bodies when it was
rubbed, the Greek philosophers would
be amazed at the developments that
have taken place since that time.

What is electronics? It is the,

of the be rons. Behav-
PE——

1or of these electrons could be
studied in solids, gas, and even
under near-vacuum conditions. This
leads to the control of these particles
and their use in our day-to-day lives.
Thus, electronics is not a fundamen-
tal science such as chemistry, phys-
ics, biology, astronomy, etc. It can
be classified as a method or technique
of precise engineering. Electrons are
infinite in nature, extremely fast and
sound in movement, and a recent ar-

Figure 3 — Electronic kit company.
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rival on the scene of human knowl-
edge.

Since the earliest times, mankind
has often boasted of having made
some of the biggest things in the
world. Recent innovations in elec-
tronics, such as transistorized and
integrated circuitry, are some of the
smallest things which man has suc-
ceeded in engineering. Some of these
integrated circuits are smaller than
the smallest nutshell. These inte-
grated circuits are used on some of
the electrical appliances listed below.
Therefore, you can see how closely
related electricity and electronics are.

In general, the field of electricity
deals with power generation and

transmission, generators, motors, light-
ing equipment, and appliances com-
monly used in the home. Some of
the special lamps used are the ultra-
violet type which can bring the
effects of sunshine into the home
and also destroy harmful germs.
Another type of lamp would be the
infrared lamp which can provide
radiant heat for various purposes.

Electric motors in the average
home perform diverse functions, such
as running the clothes washer and
dryer, electric razor, clock, furnace
blower, refrigerator, garbage disposal,
fan, and various types of workshop
equipment. Electric heaters provide
heating for the home and also run
appliances, such as the range, water

Figure 4 — Design and drafting area.
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heater, coffee maker, toaster, heat-
ing pad, clothes iron, clothes dryer,
and electric blankets. All these de-
vices lessen the burdens placed upon
the average housewife. Electricity
also plays an important part in rural
areas where many functions on the
farm are possible with the help of
electric motors.

In industry, electricity is used
in every stage of development. For
example, in the mining industry,
electric shovels are used to dig out
the ore, and electric cranes are used
for loading and unloading purposes.

Many of these devices are elec-
tronically operated and can even be
operated from a distance.

Electronics

ELECTRONIC INDUSTRIAL
OPPORTUNITIES

The vast amount of jobs available
in the electronics industry is visible
evidence of our progress in technol-
ogy. Most products on the market
today have been touched by elec-
tronic discoveries. They have been
made faster and, thus, more eco-
nomically. Industry has made use
of electronic machine control in
the inspection of products in all
stages of production, thus assur-
ing better quality control. Only a
few years ago the number of hand-
operations required to finish a pro-
duct was excessive. With the dis-
covery of new methods, a few highly
skilled technicians today can do the
work faster and easier. The average

Figure 5 — Kit-engineering laboratory.
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citizen does not realize how much
his life is related to the electronic
industry.

If you do not want to go into
business for yourself after learning
electronics the Advance way, you
need only to apply at any number of
the large electronic manufacturing
plants and make an application for
employment. During your interview
with one of the department heads,
you will impress him with your
working knowledge of electronics.
You will be qualified to enter any of
several departments, such as trouble-
shooting, analyzing, alignment,
quality control line inspection, and
others.

There are many small factories
which have contracts to build com-

ponents for the industry. All of these
can use your services. Some of them
are engaged in manufacturing re-
sistors, capacitors, IF and RF coils,
transformers, audio and power tran-
sistors, tubes, cathode ray tubes,
and tuning condensers.

The wage scale will vary, of course,
in different areas of the country, but
in most cases it will be higher than
the average salary. These positions
would also allow you to work in a
clean atmosphere.

ELECTRONIC DEVICES IN
THE HOME

There are many electronic devices
now available for use in the home.
Some, such as the radio, are several
decades old. Others are fairly new,

Figure 6 — Testing laboratory.
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Figure 7 — Electronic kit packaging department.

and there are new inventions coming
on the market every day.

Radio and television are by far the
most common items found in the
American household. There are over
300 million radios and about 100
million televisions in use.

Almost every home has one or
more radios that need repair. There

are also hundreds of inoperative
television sets and sets that need
tubes or components replaced be-
cause they are weak.

ELECTRONIC DEVICES IN
INDUSTRY

One of the most | lnven-
tiong that affects industrv is the

52-001

commng.r. Industries’ highly com-
plex computers can turn out in just
minutes the work that previously

took many men weeks and months to
complete.

Automation has progressed to the
point that many machine operations
can be programmed through the com-
puter. At the end of the operation,
the machine has turned out a com-
pleted component or product.

Space exploration would be impos-
sible without the aid of electronics.
The spaceship is equipped with
electronic gear, much of which has
been miniaturized through the use of
transistors and printed circuits.
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Figure 8 — Lunch hour study.

YOUR FUTURE IN
ELECTRONICS

Part-Time Work

As you progress in this course, you
will reach a point at which time you
will feel confident enough to tackle
your first paying repair igh. At this
point, | would suggest that it be a
tube-tvpe table radio. How much
you charge for this repair job is not
as important as the satisfaction
you will receive in knowing that it
was accomplished by putting what
you learned in your Electronics
course to work.

However, a word of advice at this
point. You still have valuable things
to learn, so do not rush out and load
yourself down with dozens of units
to repair. Make sure that you stick

8

to your schedule, otherwise, you will
not reach the goal you have set for
yourself. Far more money may be
made with an all around knowledge
of Electronics, so look ahead.

Full-Time Work

For full-time work you will have to
make a decision as to whether you
want to become self-employed or work

for someone else. It is a good idea
work for s i y or televisio

repair_s while buildin
practic: / . Tater you could

consider opening a full-time repair
business.

There have been graduates of Elec-
tronic courses who have opened their
own service and repair shops imme-
diately after graduation and have
become successful. It all depends on
you and what you want to do.

52-001
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Figure 9 — Kit building.

How to Locate Work In the
Electronics Field

Locating work is fairly simple once
you have become a graduate. Step
one is to read the help-wan

in your focal newspapers; ste ;
contact all of the lc _QumS
pianuﬁzfu_;i E for the electronics
industry; step three, contact your
Mate'E%-ﬁ)\-'ment‘m
four; write 5 §5§E;, to the pol t,
“Position "aP;g;l” ad and enter
it 1n your local newspapgr.

THE IMPORTANCE OF
THEORY

In this service-oriented course, the
practical aspect will be stressed, but
you will also learn enough to under-
stand electronics.

In Lesson Two, you will study the
fundamentals of electricity. You

52-001

will learn what matter is and what
chemical elements are in the various
compounds.

Once you understand what an atom
is and how atoms form the chemical
elements, and how chemical elements,
singly or in combination, make up
everything else, your foundation will
be built. This foundation will enable
you to master any phase of electronics
you desire.

YOUR COURSE MATERIAL

Your course will consist of 96
lessons, of which 20 are review train-
ing films, a film projector with records,
and a tool kit with soldering irons.
Your kits will include an AM radio,
all the necessary test equipment,
and a portable black and white tele-
vision kit. With the exception of the
film projector, tools, radio and TV,

9
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Figure 10A — Student mailing consultation sheet.

the above will be equipment for your
home projects. When you have finished
the course, you will not only be a
qualified service man, but you will
have built most of your own test
equipment. This will give you an
understanding of the equipment that
will be used in all of your experiments
and laboratory work.

All the above materials have been
selected with your needs in mind;
they include quality kits with step
by step building directions and en-
closed lab equipment for your home
projects.

The training films, complete with
projector and audio records, are
used by you each time you complete
certain lessons, as shown in your
course outline booklet. First you will
study your lessons, and then you
will review visually on film what you
have studied.

10

Figure 10B — Instructor answering students
questions.

THE IMPORTANCE OF STUDYING
LESSONS IN SEQUENCE

From our years of experience, we
know that the st t who studies
his lessons in proper seléuence Eﬁa
Immedia submits  his ]
course was designed to be studied
one lesson at a time. beginning with
[esson One, Lesson T'wo, and so on.

If a restudy card is received from
the school grading department, you
must restudy that particular lesson
and resubmit the test card immediately

before proceeding with any more
lessons.

Your lessons and kits will be mailed
to you after certain key lesson grades
are posted. The school MUST re-
ceive all test cards in the proper
sequence. Materials cannot be
shipped until missing test cards
are received.

52-001
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Figure 12 — Graduation day.
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Figure 13 — Basement radio and TV work shop.

YOU AND YOUR INSTRUCTOR

At the time you were accepted as
a student, you were assigned an
instructor whose primary duty is to
assist you with any problem you may
encounter. We at ASI are fully aware
that any student may run into an
obstacle in his studies.

No matter what your problem is,
we know that for you to become a
successful graduate, you must under-
stand all phases of the course.
Remember, we are as close as your
mail box. Please do not skip any por-
tion of the lessons you do not under-
stand. Use the Consultation Service

12

Blanks furnished, making sure that
you fill in all of the information
at the top each time. Incomplete
information leads to routing your
questions to the incorrect depart-
ment.

After the graded lesson card is
returned to you, check every ques-
tion that you have answered in-
correctly, and then find the correct
answer in your lesson book; this is
very important. If you cannot

stating the lesson number and ques-
tion number. We want you to learn
as much as possible from this course.

52-001
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TEST

Lesson Number 1

IMPORTANT

Carefully study each question listed here. Indicate your answer to each of these
questions in the correct column of the Answer Card having Test Code Number
52-001-1.

1. As automation progressed, what happened to the job opportunities?
A. They became fewer.
B. They stayed the same.
-C. They multiplied many times.
D. They ceased to exist.

2. Electronics is a study of
A. observing the flow of electrons.
B. counting the electrons.
- C. the behavior of electrons.
D. electrical appliances.

3. After graduating, you will be qualified to
A. design short wave radios.
B. service TV stations.
- C. repair radios, tape recorders, phonos, and black and white TV’s.
D. electronically tune engines.

4. Most homes have one or more
A. sweepers to repair.
B. defective toasters.
-~ C. inoperative radios.
D. broken phonographs.

5. The most important recent invention that affects industry is the
A. color television.
B. turbine engine.
C. highspeed lathe.
- D. computer.

6. The first paying repair job you take should be
A. a console black and white TV set.
B. a stereo Hi-Fi phono.
C. a short wave 4-band radio.
=D. a tube-type table radio.

52-001 13
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7. After graduation, you should
A. rent a large building and buy lots of equipment.
B. wait a year before using your knowledge.
-~ C. apply for a position in an industry or a TV Repair Shop.
D. take a course in some other subject.

8. The best way to get a job in electronics is to
A. ask vour friends to look.
— B. follow the steps outlined in the lesson.
C. wait for someone to call you.
D. go on vacation.

9. The most successful way to study is to
A. study the most interesting lessons first.
B. skip the lessons that you do not like.
C. not make notes.
—D. set up a study program and study lessons in sequence.

10. If you run into a problem in the course, you should
A. ignore it.
B. ask for help at the end of the course.
= (C. write your Instructor.
D. quit studying.

Figures 3 through 7
are Courtesy of
Heath Company

14 52-001
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“Serving America’s Needs for Modern Vocational Training”’

]

n) You Make It Happen

Hop to it! Everyone strives to be a winner and individual
success is possible if you make it happen. Setting a goal
is a serious matter and it requires action. The decision must come
from you. How? Prepare by good, solid training in a field which
needs qualified men. Generally these areas are paying top salaries
and the opportunities are unlimited.

AS| is proud to help you by providing specialized lesson
material, kits, shop procedures, student services. and individual
counseling.

We offer you the professional preparation you need in the field
of electronics today and tomorrow.

O e

S. T. Christensen
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Electronics

"ELECTRICAL

FUNDAMENTALS

ELECTRIC AGE

Many historians define our present
era as the Atomic Age; other perhaps
more astute individuals regard it in
terms of electric power and electronic
technology. The two are now insep-
arable, interrelated companions. Elec-
tricity produces power for complex
electronic networks for communica-
tion, control and data processing.
Electric power, in turn, is generated
under the watchful eyes of intricate
electronic devices. It has become
so vital to our existence that near
panic results when extended inter-
ruptions of service occur. Visualize
a community from which electric
power has been removed. Radio and
television networks cease to pro-
vide entertainment. Heating and
lighting of homes reverts to primi-
tive means, and air conditioning
does not exist. Storage of food,
even for brief periods, becomes
impractical, and preparation of food
is a drudge. Neighborhood gossip is
even affected; without electricity,
the telephone is a mere conglom-
eration of associated junk.

Most leisure time 1is possible
because of labor and time saving
applications of electricity. In a
modern home, cooking, dishwashing,

52-002

and the washing and drying of
clothes may be done almost auto-
matically. While the work is being
done the ‘“‘household engineer” has
ample time to do her nails, fix her
hair, or chat on the phone.

Figure 1 - Electrically powered conven-
iences save time which may be
devoted to leisure.

STATIC ELECTRICITY

“Electricity” and “electron” are
words which were derived from ancient
Greek. “Elektron’” means amber, a
substance first used experimentally
to produce static electricity. Later
it was discovered that other substances
could be statically charged by rubbing
them with some dissimilar material.

1
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What happens on a cool clear
morning when you shuffle across the
rug and reach for the door knob?
Snap! A spark springs from your
fingertips and your fingers smart.
Had you slowly approached the knob
with the back of your hand, you
would have felt a tugging sensation
as the hair on your hand attempted
to rise. This sensation is caused by
electrostatic force (voltage). The
tingle you felt earlier in your fingers
was due to currents of electricity.
Effects such as these amazed the
ancients; they regarded them with
mystery.

ELECTRICITY—FLUID OR
CHARGE

Gradually electrical phenomena
came to be regarded as natural
forces which conformed to fixed
patterns. This philosophy gained
acceptance with each successive
experiment. Ben Franklin incorrectly
supposed that two types of electrical
fluid (positive and negative) existed,
but this concept has since been mod-
ified. The Fluid Flow theory of
electricity surrendered to a force
or charge concept as successive stud-

MOLECULE

~
Q%)
\

MANY MOLECULES

ies unveiled atomic structures and
the electron theory.

Currently scientists prefer the dual
charge idea of electricity. Two par-
ticles exist which have unlike charges,
the positive proton and the negative
electron. The positive charge (attract-
ing force) of the proton equals
exactly the negative charge of the elec-
tron.

Electric current consists of electron
particles moving through a conduc-
tor, but it is more common to consider
the movement of their charges, not
the movement of the particles them-
selves.

MATTER—THE MOLECULE

Before exploring these theories, we
must identify and define matter.
Matter has weight, occupies space,
and can be contained. Matter has
three states: gaseous, liquid, and
solid. Examples of these distinctive
states are air, water, and wood. Heat,
light, and electricity are not matter.
These are forms of energy which
exert force; they cannot be con-
tained or weighed. A battery does

ELECTRONS
PROTONS

wr v@+®
&~
T ® ®
ATOM NEUTRONS

Figure 2 - Division of matter.
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not hold electricity; it is filled with
forms of matter which undergo
chemical change as the battery is
charged. Electric current from a
battery is produced when the chemi-
cals revert to original form.

All matter is formed from molecules

much as a structure 1s built trom
bricks. A molecule is the smallest
part into which a material compound
can be divided, without undergoing
change in some of its properties.
Molecules are not just in matter
— molecules are matter. Learn to
think in terms of molecules of matter,
as you do quarts of milk and gallons
of gasoline. Molecules are in turn
composed of atoms, as bricks are
composed of bits of clay and sand.

ATOMS—ATOMIC
STRUCTURE

If you divide a drop of water into
smaller and smaller parts, you will

WATER
MOLECULE

WATER
DROPLET

Electronics

eventually arrive at a molecule
(Fig. 3). It will be wet and can be
transformed into ice or steam by
application of cold or heat. Reduce
it even further, and you have atoms
of two elements which drift away into
the atmosphere. These are atoms of
elements (hydrogen and oxygen)
which cannot be further divided and
still be matter (Fig. 3). Hydrogen
and oxygen are two of the basic
elements or building blocks from
which all material compounds are
formed. Ninety-two natural elements
are known to exist. At least eleven
more have been produced artifically.

Atoms also have building blocks.
Two of these are charged particles,
the third, the neutron is neutral.
Positively cﬁarged protons structure
the central portion or nucleus of
atoms. Neutrons are present in most
elements. Negatively charged elec-
tropg are attracted by the protons
and scurry around the nucleus some-

©

S HYDROGEN

_

ATOMS
FROM
WATER
MOLECULE

OXYGEN

Figure 3 - Decomposition of water.
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what like the planets revolve around
the sun (Fig. 4). Each electron is
identical to the others and every
proton is alike. Likewise all neutrons
are the same.

ELECTRON
G NUCLEUS
" PROTON

Figure 4 - Hydrogen atom.

Atoms of all elements have protons
and electrons as a basic structure,
but atoms of different elements have
differing amounts. All atoms of any
one element, however, are identical.
Hydrogen is composed of one proton
and one electron. Copper, which
is also an element, has 29 protons
and 29 electrons. The copper atom
also contains 35 neutrons in its
structure.

. /

Neutrons (as was previously stated)
have no charge and, like innocent
bystanders, have no effect on the
relationship bétween positive_protons
m;—;gg?we electrons. They are
currently believed to be formed by
a proton and electron which have
united; that is, the negative charge
of the electron cancels the proton’s
positive charge and results in a no
charge particle.

An atom’s electrons revolve around
the nucleus in discrete groups in an
orderly fashion. Each group occupies
a layer, and each layer becomes pro-
gressively farther removed from the
nucleus. Only a limited number of
electrons can occupy any one layer.

4

Picture a hollow ball as a compart-
ment for the nucleus of an atom.
Place a proton in this nucleus and it
will demand the presence of an elec-
tron nearby to neutralize its positive
charge. The companion electron will
assume a position at some distance
from the nucleus and sprint around
it on a circular track.

It may be helpful to visualize
this track enclosed by walls. The
inside wall (call it centrifugal force)
isolates the electron from the nucleus.
The outer wall (attraction from the
proton) prevents our electron from
flying off into space. The electron
is trapped in those narrow confines
and can only race round and round.

ELECTRON

Figure 5 - Helium atom.

The atom we have constructed is
the smallest divisible portion of
the chemical element Hydrogen (Fig. 4).
Add one more proton to the nucleus,
and another electron will join it. Two
neutrons will move into the nucleus
as the element helium is formed (Fig. 5).
The two electrons present cannot
share a track because both are
negative and inclined to reject each
other. The second electron will
locate at a distance similar to the
first, but on a track which is

52-002
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Figure 7 - Seven layers surround an atom
which electrons can occupy.

inclined from that of the first (Fig. 5).
For example, visualize two hoops or
rings. Place one flat on a table,
then stand the other upright in its
center. Raise the first, being very
careful to keep it level with the
table top. When the two rings contact,
they will describe the paths which
our two electrons take.

Atoms like an orderly pattern and
will object strenously when any one
attempts to intrude. Should another
electron attempt to occupy a track
in the first layer, the two present
electrons will propel it away. Only
two electrons can occupy space in
the first layer. Additional electrons
must enter layers or shells farther
removed from the center.

Seven shells (layers) exist which
may be inhabited by electrons (Fig. 7).
Each can hold a certain number of
electrons, but the fringe layers may
not necessarily be filled. A chart
(Fig. 6) is included to show how many
electrons are present by layer for
each known element.

6

As we have demonstrated, the first
shell can contain no more than 2
electrons. The second can hold 8, the
third 18; the fourth, 32; etc.

ELECTROSTATIC FORCE

Earlier we stated that static elec-
tricity was discovered thousands of
years ago. When ancients rubbed
amber with fur, bits of shavings or
dried leaves were attracted. Unfor-
tunately, they lacked most of our
present day knowledge and could
only marvel at these effects. Ancients
were unaware that atoms gained or
lost electrons leaving them negatively
or positively charged. They were
also unaware that friction between
certain unlike materials cause electrons
to leave one in preference to the
other, and actually cause opposite
charges to appear on both sub-
stances.

Should two rods comFosed of
rubber be freely suspended together
and stroked with %ur, they will
physically ve

lrzsﬁﬂ%nimumw
each other (Fig. 8). Neﬁative (-)

on both rods by the fux. This

———

Figure 8 - Like charges repel.

example also illustrates that physical
force is exerted on materials when
electrostatic charges are present.

52-002

art, substantiat-

—

T TS B st A, e, S

.

S T ——



e I SN

e

- st gy ", e

ST—————

e N s S . ™ot o ., 1
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Figure 9 - Unlike charges attract.

CHARGING BY FRICTION

Friction between certain unlike
substances excites surface atoms or
molecules on both, causing electrons
to stir violently. In the case of rubber
stroked with fur, electrons are re-
leased from the fur and received by
the rod (Fig. 10). The rubber gains a
(-) charge as the fur becomes (+).
Should the fur be brought into
momentary contact with the rubber
after charging, electrons will return
to the fur and both materials become
neutral. If the electrostatic charge
is great enough, a spark or miniature
lightning bolt will flash between
them.

Electronics

CHARGING BY CONTACT

When a statically charged body
contacts a neutral object, trans-
ference takes place. The initial body
deposits a portion of its charge on
the neutral object and both are now
electrostatically charged (Fig. 11).
The two would repel, proving that
they have like charges.

CHARGING BY INDUCTION

Should a neutral object be ap-
proached by a negatively charged
body, electrons will drift to the
opposite end. Conversely, a positive
charge causes electrons to be at-
tracted. The end towards which the
electrons crowd becomes negative;
the opposite end, positive. Remove
the charged body, and electrons re-
distribute and neutrality is restored.
Again approach a neutral object with
a negatively charged body. This
time touch the opposite end with a
moistened fingertip. Electrons escape
onto finger, leaving a positive charge
behind (Fig. 12). Our formerly
neutral object is opposite the charg-
ing source. Since the object was only
approached, the indication is that
electrostatic force bridges the sepa-

Figure 10 - Rubber rod stroked with fur gains electrons and a negative charge. The fur loses

electrons and is charged positive.

52-002
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Figure 12 - Charge affects particles across a gap. Finger provides path for affected particles
which causes the body to be charged when they depart.

ration and influences particles across
a gap. It is theorized that an elec-
trostatic force field produces invisible
shafts which dart through space and
material (Fig. 13). The number of
shafts or lines of force increases as
the charge and force field increases.

ELECTRON DRIFT

When atoms combine to hold an
element or material together, elec-

8

trons do not necessarily continue to
revolve around the parent atom.
Fringe electrons may skip to the
outer layer of adjacent atoms where
they dislodge another electron and
allow it to move on (Fig. 14). It is
in this fashion that electrons (elec-
tric current) flow from end to end in
a copper wire. These somewhat free
electrons in outer shells are called
valence electrons. Metallic elements
which have only one valence electron

52-002



make excellent conductors of elec-
tricity. Copper, gold, and silver are
good examples.

)

/\://\

Figure 13 - Electrostatic lines of force
bridge a gap between charges.

—

IONS

In general, atoms which have few
electrons in the fringe shell contain
spaces into which electrons may flow
from adjacent atoms. When an elec-
tron moves within these substances
two things happen:

1. The gtom which loses an elec-

ton has a surplus with a

surplus proton
W This atom be-

comes , and we call 1t a
positive (+) ]

2. Atoms which gain _an_electron
- —— -

have asurplusnegative charge.
We call these neEative (-) Ions,
You may wonder why we have not

discussed proton movement. Protons

Electronics

are extremely small particles com-
pared to electrons, but they are more
than 1800 times heavier. In addition,
they are cemented securely into the
nucleus, making them almost impos-
sible to dislodge.

CHARGE DISTRIBUTION IN A
CONDUCTOR

It was previously stated that copper
with one valence electron is an
excellent conductor of electricity.
It has only one electron in its fringe
orbit and many spaces which elec-
trons may use or drift through. (See
ELECTRON DRIFT). Electrons in
copper ordinarily shuffle about in a
somewhat random fashion (Fig. 14).
Where space exists, electrons move
in; when overcrowding occurs, elec-
trons move on. Considerable scurrying
about occurs as atoms borrow and
give up electrons, randomly chang-
ing from positive ions to neutral
atoms or negative ions. Temperature
affects this action. Cool the copper,
and action decreases; heat it, and
action becomes furious. Conversely,
subject copper to a changing elec-
trostatic field; electron activity in-
creases, and heat will be generated.

Figure 14 - Valence electron movement is somewhat random in a non-charged conductor,

such as: copper, gold or silver.
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Electrons must overcome friction
when they move and, therefore,
generate heat.

ELECTRIC CURRENT

Electrons do not fire straight
through a conductor like a bullet, as
many people think. As they travel,
electrons are delayed, held back or
forced aside by like-negative charges
from other electrons.

Provide a negative force field at
one end of a copper wire. Electrons
will rapidly loop their way through
the fringe layer of atoms toward the
opposite end (Fig. 15). Attach a posi-
tive source, and they will stream
toward it. With the negative end of
a battery attached to one end of
our wire and a positive to the other,
electric current will begin to flow.
Electrons move from the negative
post of the battery into the wire and
pass on to the positive terminal.
From the positive terminal they drift
through the battery’s chemicals and

™
R
i
pe——— g
—_—

=
/

return to the negative post (Fig. 16).
The electrons continue a circular
movement until either the wire is
disconnected or our battery depletes
its charge.

Although electrons are slowed con-
siderably in their progress, their
effects are felt long before they arrive.
When they are pushed around by
fellow electrons they naturally push
back. As an electron attempts to
move, it pushes on its neighbor. The
neighbor gives a little and presses on
those next in line. This pressure is
felt almost immediately throughout
the conductor. Its effect is similar
to poking your finger into a sponge
and seeing the opposite side in-
stantly pop out.

RESISTANCE

Form a mental picture of resis-
tance. When you encounter it in-
stantly, visualize a choking action
which reduces electric current to a
trickle. Picture a partially open gate

Figure 15 - Electron movement becomes directional when influenced by a charge.

10
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Figure 16 - lllustrates complete electrical circuit. Current flows from the battery (source)
through the conductor and returns. Electric current continues to flow as long

as a complete path exists.

with groups of electrons milling
around before it. Individuals con-
tinue to join the group as other
individuals sneak through the narrow
opening. The hold back effect of
resistance is measurable. The unit of
measurement of resistance 1S the
ohm.

VOLTAGE DROP

As the group of electrons mill
about and crowd toward the opening,
they press against each other. Those
near the opening lean on the structure,
and as long as the structure stands,
pressure from this mob will not be
felt beyond the exit. In comparing
exit and entrance sides of the gate,
we may say that a pressure drop
exists. In electrical terms, we would
refer to it as a voltage drop. Wher-
ever current is impeded or held back,
electrons group to form pressure
points. These voltage drops are meas-
urable or can be calculated, as you
will later learn.

52-002

CURRENT—AMPERE

The rate at which electrons flow
is “dermed Dy the term ampere
(amp). When one amp of current
flows, many electrons pass a given
point each second, precisely 6.28
billion billion. Doubling this amount
per second would amount to two

amps of current; halving it results
in .5 or half an amp.

ELECTRICAL WORK—JOULE

When current flows, it expends
energy and does work. We have a

term for the amount of work done by
electricity; that js, the Joule This

tiny Joule lacks a sense of time
relationship. It describes only how
much work may be done by-a quantity
of electrical energy, not how long it
takes to do this work. If 6.28 billion
billion electrons flow through a
restriction (resistance) in one second
and produce a voltage drop of one
volt, one Joule of work is done.

11
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POWER—WATT

Watt is the term used to designate
i TS A ST AR o
ﬁemg usea to _periorm work. Une
Joule of wor would require one watt

of energy or power. Should the work

be accomplished in a second, one
Watt-Second of energy has been used.

It might be useful to note that the
work accomplished may not be useful
work. A yard light left on in bright
daylight is wasted. Likewise, a motor
which runs with nothing attached to
the shaft is wasting watts of power.

ELECTRICAL PRESSURE—
VOLT

The unit of electrical pre
which causes things to move, elec-
trically"speaking, 1s the voit. Volt
is not related to time. it means
only the amount of electrical force
across a source such as a battery’s
terminals, or the amount of voltage
drop across a resistance or electrical
restriction. When one joule of work
is done by 6.28 billion billion elec-
trons, the electrical pressure required
to move them is one volt. Voltage
is not a moving thing which does
work; it moves things and forces them
to get the job done.

Another way of expressing volt
would be to state: If one amp of
current flows through one ohm of
resistance, it was forced to do so by
one volt of electrical pressure.

couLomB

The number of electrons gained
or lost by an object determines the

12

electrical charge which the object
has. The number of electrons which
move is a fantastic figure; therefore,
a term is used to represent this vast
amount. To avoid saying 6.28 billion
billion electrons, we simply state
{hs amount as one coulomb of
charge.

SUMMARY

Literally thousands of terms and
abbreviations are used in electrical
and electronic technologies. For-
tunately, most apply only to spe-
cialized fields or products. It is ad-
vantageous to recognize many of
these when you encounter them, but
in most cases you will need to
memorize only a few,

Three terms should stand out in
your mind in all phases of electronics,
and you will encounter them con-
stantly. They are VOLT, OHM, and
AMPERE (amp).

Equipment with this course is de-
signed to give accurate readings of
their values. Measuring and com-
paring their values is frequently all
that is required to isolate a problem.
Memorize their symbols and learn
something of the actions they define.
Be particularly attentive to portions
of your course where VOLTS, OHMS,
or AMPS are discussed, illustrated,
or defined.

Remember:

E is Volts (electromo-
tive force)

R is Ohms (resistance)
I is Amps (current)

52-002
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TEST

Lesson Number 2

IMPORTANT

Carefully study each question listed here. Indicate your answer to each of
these questions in the correct column of the Answer Card having Test Code
Number 52-002-1.

1. Matter is composed of
A. electricity.
B. resistance.
C. friction.

- D. molecules.

2. A molecule

is smaller than an atom.

is larger than a brick.

is larger than a drop of water.
consists of more than one atom.

oow

3. Anelectron has
A. apositive charge.
~B. anegative charge.
C. nocharge.
D. apositive and a negative charge.

4. A proton has
= A. apositive charge.
B. anegative charge.
C. apositive and a negative charge.
D. neutrons and electrons.

52-002 13
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5. A neutron has
A. apositive charge.
B. anegative charge.
- C. aneutral charge.
D. atoms in its structure.

6. Unlike charges
A. repel each other.
B. donothing.
C. move apart from each other.
- D. attract each other.

7. When electric current flows, electrons
A. stand still.
B. move only in circles.
C. move only in straight lines.
-~ D. force electrons in their path to move.

8. The unit of measure of resistance is the
A. volt.
-~ B. ohm.
C. ampere.
D. coulomb.

9. Resistance
- A. holds back electrons.
B. has no effect on electrons.
C. attracts electrons.
D. produces power.

10. The Ampere (Amp) is used as a measurement for
A. electrical work.
B. electric power.
C. electrostatic force.
- D. electric current.

14
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OHMWM’S LAW -

KIRCHOFF’'S LAWS

BEGINNING OF
ELECTRONICS

Electricity evolved from the de-
sire to make it a useful tool as
rules, laws, and principles were as-
sociated with its behavior. Serious
students of science devoted their
attentions to study and experi-
mentation. As fact followed fact,
definite patterns emerged. Distin-
guished pioneers in electricity—
Westinghouse, Edison, Steinmetz,
Telsa, and others—worked within
these patterns to extend electric
power into the most remote areas.

Electronics also began and
evolved as a curiosity. Edison toyed
with electric current through a vac-
uum prior to 1900, but failed to
explain or realize its true signifi-
cance.

Lee Deforest, another American,
launched the Electronic Age early
in the 20th century. He developed a
vacuum tube which could boost fee-
ble currents or voltages to usable
signals. Radio broadcasting was
then possible, and rapid audible
communication to the masses be-
came a reality.

0O1d scientific laws supported new
principles as electronics matured

52-003

into a technology. Foremost among
these laws were those established
by Ohm and Kirchoff. Together
they describe basically how electric
currents or voltages behave in
nearly every type of electronic com-
ponent or circuit.

This lesson will explain how
Ohm’s formulas may be simply ap-
plied and will introduce you to
Kirchoff’'s Laws for voltage and
current in series or parallel cir-
cuits.

IMPORTANCE OF OHM’S
LAW

Rare, indeed, is the person who
has not experienced a burned-out
light bulb. After removing it from
the lamp, many people shake the
bulb and listen for the tell-tale rat-
tle of a detached filament. Examine
it closely; you will probably see the
loose element. Minute scratch
marks may be present on the inside
coating where hot curls of wire
have contacted the surface. Replac-
ing the bulb with a known good one
restores light to a darkened corner
of the room.

Most troubleshooting is done in
this fashion. A problem occurs; in
this case, no light. A frequent of-

1
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fender is suspect—the bulb. It is
examined visibly and/or audibly
and is determined to be defective.
Replacement corrects the problem.

Suppose that the bulb had not
been defective. You would probably
have suspected the fuse, plug, cord,
switch or socket—in that order. All
could be easily examined, and the
problem would not have eluded you
for long.

Some of the work in electronics
which you will be doing is nearly
that simple, but much of it will
require additional troubleshooting
steps to isolate a defective part.

Electronic products of today con-
tain many multi-component packs
and integrated circuits or IC’s (Fig.
1). Several component parts—
transistors, diodes, resistors, and
capacitors—may be enclosed in
each of these little Blobs. Wires
from individual parts may not al-

ways extend from the pack. Several
components frequently share a
common wire coming from this
component block.

It appears that we have no way of
testing or identifying a bad com-
ponent within. To further compli-
cate troubleshooting, wires from
these components connect to wires
from other parts or groups of parts.
It is not uncommon to have a hun-
dred or more parts associated in
this fashion. A failure of any one
part within this group (a shorted
capacitor, a burned out resistor or
transistor, etc.) changes current or
voltage present at many other
points.

By studying the schematic draw-
ing of a circuit, technicians quickly
determine the current paths and
where voltages, currents, and resis-
tances may be measured. W

values of current, voltage, or resist-
m
fied

ance are not specified, these can

Figure 1 — Multi-component packs: A) Dual incline IC pack B) T.O. type IC pack.
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be determined
Ohm’s Law. m's Law describes
Tent HowS Through an

HOW muc“ current 110

rou an

amount o0f resistance wnen a
K Ttage 1S present. 1t may

nown Vvo
also be usecsi 0 %efermine how

much resistance there should be, or
the value of the voltage which
should be present.

Once you have mastered Ohm’s
Law and understand how electronic
circuits and devices operate, you
will be able to logically trouble-
shoot electronic products. By refer-
ring to schematic drawings and
making a few simple tests with
your equipment, the defective part
will soon be revealed.

OHM’S LAW

More than 100 years ago a Ger-
man scientist, George S. Ohm, ex-
plored the behavior of electric cur-
rent. He demonstrated that the
amount of current flowing in a cir-
cuit is dependent upon the strength
of the applied force or voltage and

Electronics

the amount of resistance in the
current’s path. From his findings,
Ohm established the most im-
portant law governing the conduct
of electricity. His three simple
formulas will enable you to quickly
determine voltage, current, and
resistance without actually mea-
suring each. By using the ap-
propriate Ohm’s formula, current,
voltage, or resistance can be found
by simple -calculation (Fig. 2).
These formulas are appropriately
called Ohm’s Law, and resistance is
expressed as a certain number of
Ohms.

Before you can use this valuable
tool, you must first know what the
designations “I”, “E”, and “R” sym-
bolize. “I” represents electron flow,
which is current in amperes. “E”
designates electromotive force in
volts. “R”, or resistance, is the op-
position which electrons encounter
as they flow. Simply stated,

“E” is in volts
“I” is in amperes
“R” is in ohms.

IxR

It

=M

nim

Figure 2 — The three Ohm's formulas.
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RESISTANCE SYMBOL

In addition to the designations
“E”, “I”, and “R”, you should be-
come familiar with a most im-
portant symbol for resistance (Fig.
3). You will encounter it constantly
as you troubleshoot electronic prod-
ucts from schematic drawings. It is
used to represent resistance rather
than confusing pictures of intricate
devices.

— MWW—

Figure 3 — Symbol for resistance.

Figure 4 shows how the resist-
ance in the heating elements of a
toaster appear when represented by
symbols. This method of repre-
sentation is much simpler than cut-
away views or exploded drawings.
Electronics has a distinct ad-
vantage over most technologies.
Mechanics is such a small part that
an entire television set may be rep-
resented intelligently through
symbols in a page or two or draw-
ings.

120 VOLTS

Perhaps we should at this time
clarify “120 volts.” You may be
acquainted with tradesmen or
other knowledgeable people who
call it 110 or 115 volts. More re-
cently it has been popularly known
as 117 volts.

Electric power is distributed to a
point near your home by high volt-

4

<

Figure 4 — Schematic representation of a
toaster’s heating elements
using resistance symbols.

age lines in several thousand volts.
It is reduced by a transformer and
routed to your home at approxi-
mately 120 volts. Two sources of
120 are available which may be
combined to provide 240 volts to
power electric ranges, water heat-
ers, electric heating systems or air
conditioners.

NOTE: Older homes in some areas
may have only one source of 120.

You would rarely measure pre-
cisely 120 volts at an outlet. Over a
period of time, it would probably
range from a temporary low of 110
to a momentary high of 130 volts.
The normal range is between 115 to
125 volts. Home appliances are
rated for power demands at 120
volts but can generally operate
satisfactorily at voltages as low as
110.

A voltage of 120 became stan-
dard only after numerous other
values had been tried. Early power
companies covered small areas and

52-003



weren’t concerned with what
neighboring companies were doing.
Much of the generating equipment
was custom made; therefore, com-
panies selected their facilities ac-
cording to their own particular
needs.

As people became dependent
upon electricity, huge grids or sys-
tems for power distribution devel-
oped. A dozen or more companies
now frequently tie into one line and
together supply power to millions
of people, their homes and their
industries.

To make it possible for many
generators to connect to the same
distribution line, all must share
common characteristics. When
universal standards were adopted,
120 volts was agreed upon as the
standard for homes and certain
other applications, such as lighting
in factories and public buildings.

OHM’S FORMULAS

Suppose in your home you have
an electrical outlet protected by a
15 ampere fuse; 120 volts is avail-
able at this outlet. The manufac-
turer’s tag on a certain toaster
states that it draws 6 amperes of
current when 120 volts is applied.
What is the hot resistance of the
toaster’s element? If you divide 120
volts by 6 amperes, you will find
that this resistance is 20 ohms.
Simply stated, Ohm’s resistance

tormula is:

R= % Thus,

%Q = 20 ohms (R), or

52-003
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20 ohms (R).
6) 120

Assume that you did not know
the toaster’s current requirements,
but have determined that its heat-
ing elements measure 20-ohms
resistance when heated. To deter-
mine the current flowing when op-
erated from a 120-volt outlet, sim-
ply divide 120 volts by 20 ohms.
Ohm’s current formula is:

_E
I=r

You have determined that this
toaster draws only 6 amps and is
safe to operate from your 15 amp
circuit.

Should you not know from what
voltage this toaster operates, it can
be easily determined by applying
Ohm’s voltage formula: E =1 x R.

E is equal to 20 ohms multiplied by
6 amps,

20
X 6
120 volts or,

6 x 20 = 120 volts.

ELECTRICAL POWER

When current is forced by a volt-
age to flow through a resistance, it
is opposed by that resistance. Elec-
trical energy is used to overcome
resistance and results in the gener-
ation of other forms of energy. This
principle is used extensively to pro-
duce heat from toasters, stoves, or
other devices from which heat is
desired. In the case of electric mo-
tors, electricity is used to produce

5
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rotary motion. From a TV set it
produces sounds and a picture. En-

ergy or power is measured in watts
named atter the English inventor,
James Watt) and is designated b

the letter “P”. Power P’ 1s directly
related to Ohm’s Law. It is the
product of voltage (E) and current

I):
P=E x1

NOTE: Power in watts can also be
represent

We determined from our study of
Ohm’s Law that a certain toaster
operates from 120 volts and draws
6 amperes of current through its
elements.

How many watts of power (P) are
required to operate our appliance?

Using the power formula, we find
that 120 volts (E) multiplied by 6
amps (I) results in 720 watts of
power (P).

120
X 6or6 x 120 = 720 Watts.
720

P = E x I is the power formula
when voltage and current are
known.

It is possible to determine the
current (I) through a device when
voltage (E) and power (P) are
known. In the case of our toaster,
the manufacturer may state that it
operates from 120 volts (E) and
consumes 720 watts of power (P).
To determine the current (I), we
need only to divide 720 watts (P) by
120 volts (E):

6

A. Ohm'’s formula.

B. To find “R” cover “R” di-
C.

D.

Figure 5 —

vide llElI by lllll'

To find “I” cover 1" divide
IIEII by IIRII'

To find “E” cover “E"” mul-
tiply IIRII bv ll'll.

I is equal to 6 amps

120 )720
or

720
m =6 amps.

I= % is the power formula for

determining current when power
(P) in watts and voltage (E) are
known.

Test this formula. Use the power
requirements stated on appliances
or light bulbs in your home. You
will find that a 75-watt 120-volt
bulb draws 0.625 amps of current.
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OHMS LAp,

Figure 6 — Handy formula chart.

How much current does a 60-watt
120-volt bulb require? How much
current does a 120-volt radio or TV
set require? Divide watts (P) by
volts (E) to find current (I).

Suppose you did not know the
correct voltage from which your
toaster should operate. If you learn
that it uses 720 watts of power with
6 amps of current flowing, the cor-
rect voltage can be readily deter-
mined.

E is equal to 720 watts divided by
6, or

52-003

120 volts
6) 720 or

-'%2—0- = 120 volts.

= % is the power formula for
voltage when power (P) and current

(I) are known.

KIRCHOFF’S VOLTAGE LAW

Ohm’s Law is practical for solv-
ing simple circuits, but as circuits

7
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SERIES STRING - 6 LIGHTS

Figure 7 — Total voltage drops around a closed loop are equal to the applied voltage.

branch out, other formulas become
necessary or more applicable. The
19th century scientist, Gustav
Kirchoff, thoroughly explored the
actions of voltage and current in
electrical circuits. He established
two laws which bear his name.

KIRCHOFF'S VOLTAGE LAW

The sum of all the voltage d
aﬁmaafmﬁa ﬁ Eg
equal to the total voltage applied.

We shall now define a closed loop.
As an example, visualize the fan
belt of an automobile engine on
which has been painted a large
white mark. Idle the engine very
slowly. Observe from this splotch
how the belt travels as it leaves the
crank pulley, moves around the al-
ternator or generator pulley. No-
tice, too, how it then moves to and
around the fan pulley and back to
the source or crank pulley. Each
part and particle of the belt has

8

circled the entire system of pulleys.
If we were able to tag and suffi-
ciently enlarge a particle of electric
current, and if we could see it trace
through a series string of lights, we
would notice how the action is simi-
lar to the mark on the belt (Fig. 7).
Current flows from the power
source, the wall receptacle, to and
through the first bulb, the second,
third, and so on until it eventually
exits from the last lamp. From
there it returns to the wall recepta-
cle. In electronics this closed loop
concept is called a series circuit. All
of the current which enters the
string leaves the circuit. The cur-
rent that flows through the first
bulb flows through each bulb in
turn and arrives back at the outlet.

As current flows through our
120-volt series string of lights, the
total voltage divides; therefore, a
portion appears across each bulb
which is called a voltage drop. If we
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Figure 8 — Accumulation of voltage drops around a closed loop.

have a string of six identical 20-
volt bulbs, they must, according to
Kirchoff, total 120 volts, our ap-
plied voltage. Do they? Add them.
(Fig. 7).

Figure 8 shows the accumulation
of voltages around a closed loop or
series circuit. Assume a clockwise
direction for voltages beginning at
Start. From Start to the opposite
side of bulb 1 measures 20 volts;
from Start to bulb 2 is 40 volts. If
we continue around the series, we
find that 20 volts is dropped by each
bulb. From Start to bulb 6 is 120
volts, which is the same as measur-
ing directly across the prongs of the
power plug. In later lessons it will
be explained how to determine volt-
age drops in circuits which have
unlike components with differing

52-003

resistance values. This knowledge
will help you find shorted, open,
and off-value components when
troubleshooting electronic gear.

If we install a short across lamp 6
in our series, we remove the in-
fluence of _its resistance from the
circuit (Fig. 9).

The lamp will not light, and in
effect we have removed it from
the current path. Current now by-
passes lamp 6, and the 20 volts
which was formerly across it
distributes equally among the re-
maining five.

We now have 24 volts dropped
across each remaining bulb (Fig. 9).
If Kirchoff’s voltage law is correct,
the total across these five lamps

9
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Figure 9 — Total voltage drops around a closed loop are equal to the applied voltage.

should be 120, the applied voltage.
If you multiply 24 volts by 5 lamps,
the product is 120 volts.

24
X 5 or 5x24=120V.
120

Since the resistance of one lam
has Deen replaced by a direct sEoré,
we have reduce ,F:e Total amount

5T Tesistance in _the loop. The ap-
plied voltage 1s Still 120, but there

is less osition and more current
Wil flow.

When for any_reason thE resistc
an series_circuit bec )
ess, more current will flow. provid-
i the applied vo tage is EE: re-
guc:eﬂz

Let us open the circuit and insert
two additional lamps, 7 and 8 (Fig.
10). We have inserted additional
resistance into the circuit. Less cur-
rent will flow through the circuit

10

due to the increased resistance.
Less voltage will appear across
each lamp, but the voltage drops
still total 120 volts.

If for any reason resistance i

In Figure 11 we have increased
the source (applied voltage) to 240
volts, twice its previous value. In-
creasing the source voltage causes
more electrons to flow. When a
greater amount of current (elec-
trons) flows, more voltage is
dropped across each resistance in
the circuit.

Doubling the voltage causes
twice as much current to flow,
which results in two times the
voltage drop across each resistance.

NOTE: This can be proven by
Ohm’s Law, but we will leave the
calculations for a later lesson.
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15v

Figure 10 — Total voltage drops around a closed loop are equal to the applied voltage.

We now show 40 volts from Start voltage drops equal the source, ap-
to bulb 1, and as we progress clock- plied voltage.
wise (Fig. 11), an additional 40

volts is dropped across each lamp. When For any reason_the source
Totaling the drops for six lamps voliage to a it _1s in-
results in 240 volts. This is correct M
according to Kirchoff’'s Law. The and re 1 e bein

L 200V =

Figure 11 — Accumulation of voltage drops around a closed loop.
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dropped across each resistance,
roviding the resistance is not in-
creased.

KIRCHOFF’'S CURRENT LAW

Kirchoff also proved that the
same amount of current arrives at
and leaves a junction or connecting
point in a circuit. (Kirchoff’s cur-
rent law, unlike his voltage law, is
not specified for a closed loop). Let
us call our double wall outlet the
junction point and plug into it two
lamps, each of which has a 60-watt
120-volt bulb.

By using the power formula for
current,

am
1=—1E3= 120 1508 “P° or

—6—0—=5ams
120 0 AmPS

we discover that the current
through each bulb is .5 or 1/2 amp.
The two lamps are plugged in sepa-
rately and operate independently.
The same current does not flow
through each lamp; therefore, the
total current flowing from the out-

@LAMP

*
120 :l ) |
VOLTS

120
@ LAMP VOLTS

*
120
vouts U J

OR

TWO LAMPS - TWO PLUGS

TWO LAMPS - ONE PLUG

let is .5 amps for one added to .5
amps for the other, or 1 amp. If you
were to measure the current flow-
ing into the outlet from the house
wiring, you would find that it, too,
equals 1 amp. This is correct ac-
cording to Kirchoff’s current law.
he circyj i

'F____cm.t_d.nﬁmhud.hx.ths.uw
amps where each independently

raws from a source is
ither lamp can be disconnected
where indicated by an *(Fig. 12).

The other will still burn. This is a
general characteristic and require-

ment for Earallel circuits,

The mathematics of Kirchoff’s
formulas will not be explored at
this time. Although his laws are
relatively simple, the formulas can
be stated in many ways and would
be of little value at this time.

SUMMARY

Because of their importance, we
will repeat Ohm’s formulas again
before advancing to the next lesson.

R = % is Ohm’s formula for de-

termining ohms of resistance.

PARALLEL CIRCUIT

120 *m

) VOLTS T J‘ &

OR

LAMPS SHOWN
SCHEMATICALLY

Figure 12 — Representations of a parallel circuit.

12
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= £ is Ohm’s formula for de- It is suggested that you return to
R this lesson and refresh your mem-
ory from time to time. Eventually,
E =1 x R is Ohm’s formula for try to become so familiar with the
determining volts of electromotive formulas that you can recall them
force. without effort.

termining amps of current.

52-003 13
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TEST

Lesson Number 3

IMPORTANT

Carefully study each question listed here. Indicate your answer to
each of these questions in the correct column of the Answer Card
having Test Code Number 52-003-1.

1. VoltPage (electromotive force) is designated by the letter
A

}

vowrd gow:
i

=

ent in amperes is designated by the letter

:

alET

=
=

esistance in ohms is designated by the letter
. P.
. R.
. E.
. L

p Uow>

-

er in watts is designated by the letter

oQwr S
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5. When current flows, it is opposed by
A. power.
— B. resistance.
C. volts.
D. watts.

6. The electromotive force which causes current flow is mea-
sured in
A. ohms.
- B. volts.
C. amps.
D. watts.

7. The sum of all the voltage drops around any closed loop must
be
A. greater than the applied voltage.
B. less than the total current.
= C. equal to the total applied voltage.
D. greater than the total current.

8. Power is consumed when electric current develops heat in a
- A. resistance.

B. voltage.

C. current.

D. power.

9. In a series circuit, if resistance remains the same and the
applied voltage is mcreased
A. voltage drops decrease.
B. less current flows.
C. current does not change.
- D. more current flows.

10. In a series circuit, if resistance remains the same but more
current flows,
A. voltage drops decrease.
B. less power is used.
—~C. voltage drops increase.
D. voltage drops remain the same.
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“School Without Walls”
“Serving America’s Needs for Modern Vocational Training”

People Are Important

No matter how you slice itl In the business world of today it
goes without saying that equality is the password of industry and
commerce. Many people feel that they can treat their customers
anyway they wish but these people are only hurting themselves
and sometimes they unfortunately can hurt other people who have
similar services to render to the public.

By and large. people want to be treated fairly and this feeling is
only natural. It gives respect to their intelligence and it instills them
with a sense of confidence. Yes, AS| hopes that through your
course of studies you will learn your lesson material well but also
we urge you to understand the importance of business ethics.
Because no matter how you slice it, the customer comes first.

@7 oD/ rom

~ S. T. Christensen
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INTRODUCTION TO
MAGNETISM

Men have known about magnet-
ism for many centuries, but little
use was made of it for thousands of
years. The only early practical use
was its application to the operation
of a crude compass.

Currently magnetic and elec-
tromagnetic devices have literally
thousands of uses. Relays are
switches which magnetically close
or open when electric current flows.
Operation of speakers in home en-
tertainment devices, communica-
tions equipment and public address
systems depend on the fields of
fixed permanent magnets. An auto-
matic washer drains because a
powerful electromagnet pulls the
plug. These are all direct applica-
tions of magnetic pulling power.

In addition, the principles of
magnetism are used in many
phases of electronics. Current or
force fields in a solid-state semicon-
ductor may be controlled by a mag-
netic field. Transformers and coils
depend upon magnetic principles
for their operation. Even radio
waves are said to be forms of vi-
brating magnetic energy. In this
lesson, we will explain magnetic

52-004
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theory according to the latest con-
cepts and discuss its many forms.

NATURAL MAGNETS

The existence of magnetism has
been known for more than 2000
years. Early Greeks discovered a
stone netite which
attracted iron. Later 1t was dis-
Covered that a piece of magnetite
suspended from a string would
align itself and point in a north-
south direction. This was the first
compass, and

magnetite became
known as lodestone, or transiated,
leading stone 7F1g. 1).

Figure 1 — Primitive Compass.
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ARTIFICIAL MAGNETS

Figure 2A pictures a natural

magnet which may b nd 1N cer-
ner its. These natu-
ral magnets contain natural mag-

netic elements. In their refined
state, these metallic elements may
be easily magnetized by artificial
means. The magnet which results
is called an artificial magnet (Fig.
2B). Iron is the most popular mag-
netic material from which artificial
magnets are made. Cobalt and

nickel may also be used.

member millions of bits of informa-
tion by magnetizing cores con-
structed from this type material.

MAGNETIC POLARITY

The earth on which we live ex-
h1§1§s EE%FEEEE EroErEnEs. Sur-
rounding the earth 1s a magnetic

field produced by the earth’s mag-
netism. The magnetic polarities of
the earth are indicated in Figure 3.
Notice that the magnetic poles do
not coincide with the geographic

Figure 2 — A. Natural Magnet. B. Artificial Magnet.

Combinations of elements have
been mixed to form even more
powerful magnets. One of these
compounds contains some alumi-
num, a non-magnetic materjg!. For
high speed work 1n communica-
tions and computers, powdered ma-
terials have become very popular.
Minute particles of magnetic ma-
terials are held together by plastic
materials or special adhesives and
are molded into special shapes.

Magnetic fields can be easily in-
duced into these materials and just
as simply cancelled. Computers re-

2

north and south. Early users of the
magnetic compass regarded the end
of the compass needle which
pointed north as the north pole.

When it was discovered that the
earth is a magnet and that opposite
poles of magnets attract, it was
necessary to call the geographic
north pole the south magnetic pole.
Likewise, the geographic south pole
is called the north magnetic pole.
Magnetic lines of force emanate
from the magnetic north pole and
return to magnetic south pole as
closed loops (Fig. 3).
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NORTH

GEOGRAPHIC
SOUTH

Figure 3 — The earth is a magnet.

NOTE: To illustrate how magnets
perform, we suggest that you pur-
chase a pair of bar magnets. These
may be obtained from most large
department stores or your local va-
riety store in the hardware, toy, or
sewing departments.

To understand how magnets af-
fect each other, north-south polari-

ties are assigned. Suspend a bar
magnet from a string. EE Eaa

e one which points south is the
south-seeking pole or south pole.
These are sometimes abbreviated
“N” and “S” (Fig. 4).

52-004
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COMPASS

Figure 4 — A bar magnet acts as a compass.

MAGNETIC FIELDS AND
LINES OF FORCE

Dip the ends of a bar magnet into
a pile of iron filings. They will cling
and form strings of iron particles
end to end (Fig. 6).

Knowledgeable observers the-
orize that magnetic force is not
solid or fluid, as early students
thought. We now accept that the

magnetic force is arated int
nv e lines flow]
end and extending be

s ). If these lmes
were Vvisl le within the magnet,
they would appear much like
streams of fine sand drifting
through a screen. From the ends of
the magnet, they tend to curve
toward the opposite pole (Fig. 5).
These lines of force are called flux.
The number of lines varies con-
siderably with different magnets;

3
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BAR MAGNET

A

Figure 5 — Magnetic lines of force.

IRON FILINGS

BAR MAGNET LAY

A
=

Neag—$

Figure 6 — Iron filings cling to the poles of a magnet.
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Figure 7 — Magnetic field pattern around a magnet.

HORSESHOE MAGNET
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fewer lines produce weaker mag-
nets, more lines produce stronger

ones. ine of force is called 1
Maxwell of force, aaa EEE streEEEh
ausses.

Individual magnetic lines of
force cannot cross. When two lines
from opposite poles meet, they com-
bine and continue (Fig. 8B). If the

Electronics

two lines are from like poles, they
reject each other and tend to curve
away. Lines of the same polarity
which reject each other exert a
force against each other which is
felt at the magnets (Fig. 8A). This
is what we would feel should we
attempt to press like poles of two
magnets together. Lines from op-
posite poles which combine cause
an attracting force to be felt on
each magnet (Fig. 8B).

LINES OF FORCE

LIKE POLES REPEL

-
- - e = —— | il R -
v vy - I <t ~epa A
- pemm T e = - e il ~
e —”,——’ '_ —————— ———— __‘~\~\ ~ .
PR - ‘V ___________ _»" - - - -~
e - - - ~
7’ ‘< g’ - - == o —— e -~ - =~ ~ S
4 4 f' ’f”,—‘— T~ \\\ ~ ‘ !
f 1 ’ . - _ —-— == == ———— b ~ N .
v o b, == o ARGAP ~~ ~. 0y ) o4 )
t - | \ \/' // /
7/
— P )
-

UNLIKE POLES ATTRACT

Figure 8 — Magnetic field interaction.
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ATTRACTION AND
REPULSION

When the ends of two magnets
are in close proximity, they will
either push away or attract each
other (Fig. 8). If they push away or
repel, reverse one magnet; they will
now attract. Mark the pole on each
magnet which attracts the other.
Suspend the two magnets one at a
time. One marked pole will point
north, the other south. This illus-
trates the rule for magnetic inter-
action; that is, unlike poles attract
—Ilike poles repel.

THEORY OF MAGNETISM

Magnetism and electricity are re-
lated, but magnetic and electrostat-
ic forces have no effect on each
other when they are at rest. If
either are in motion, interaction

occurs. It is now believed that each

el - 2
et (Fig. 9).

A
electr ig. 9). This field consists

oI 1nvisible lines of magnetic force

Figure 9 — A magnetic field surrounds an elec-
tron.

which are strong near the electron
and grow progressively weaker as
they move away. As electrons re-
volve around the nucleus of an
atom, they are constantly spinning.
When two electrons close together
spin in opposite directions, the
magnetic fields repel and cancel
each other (Fig. 10).

In a few metallic elements such
as iron, cobalt, and nickel, adjacent
electrons may spin in the same di-
rection. In this case, the magnetic
fields support each other and form
larger, more powerful fields (Fig.
11).

In these metallic elements, many
atoms combine to form individual
molecular structures (Fig. 12A).
The valence electrons which are
shared by the atoms in this struc-
ture are believed to spin in the
same direction. This causes their
fields to combine throughout the
molecule, and the entire molecule
becomes surrounded by a magnetic
field. These molecules have north
and south poles and are actually
magnets within the material, too
small to be seen even with powerful
microscopes (Fig. 12A). A bar of
iron will be magnetic unless these
magnetic molecules are haphazard-
ly aligned (Fig. 12A). If they appear
in random order (Fig. 12A-1), the
bar will not be magnetic.

If you break r magnet i
pieces, eac 1eC ]
magnet (Fig. 12B). Each piece will

ave a nor ole. The
polarities will be the same as the
magnet from which they were
broken (Fig. 12B).
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Figure 10 — Magnetic fields of electrons that
spin in opposite directions repel.

©—0

Figure 11 — Magnetic fields of electrons which
spin in the same direction combine
into a more powerful field.

TEMPORARY MAGNETS

In certain alloys of steel or other
magnetic material, the molecules
fail to remain pointed in one direc-
tion. This material can be magne-
tized but soon loses its properties.
The molecules want to assume ran-
dom directions. These are called
temporary magnets and have nu-
merous uses. One example is the
huge electromagnets used by scrap
yards to stack and load scrap iron.
The magnetic properties remain as
long as electric current is applied.
To pick up a load, the crane oper-
ator closes a switch which sends
electric current through the coils of
wire surrounding a temporary

52-004
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magnetic core. Once he has the load
positioned over a rail car or stack,
he opens the switch. When the cur-
rent ceases, the core loses its mag-
netism and the load drops; a mag-
net which depends on electricity to
maintain its field is called an elec-
tromagnet.

RELUCTANCE

All material offers some opposi-
tion to the passing of magnetic
lines of force (flux). The unit of
measure for this property, reluc-
tance, is the rel. If a high value of
reluctance exists, few lines will
flow, and the field will be weak. A
low value of reluctance allows
many lines to pass and results in a
strong magnetic field. From this
explanation of reluctance, it is evi-
dent that reluctance bears a resem-
blance to resistance in electrical
circuits.

MAGNETOMOTIVE FORCE

There must be a force which
causes flux lines to pass through a
material. This force is called mag-
netomotive force and is measured
in gilberts represented by “F”. This
force is similar to the electromotive
force, voltage, which causes electric
current to flow.

ELECTROMAGNETISM

A steel bar can be magnetized by
str:qlgr_z_g it 1n only one direction

S
‘With permanent magnet (Iig.
I3B). Another method 1s to insert

thls steel bar into a c011 of wire that

y? In 1819 Hans Oersted a
Danish physicist, discovered that a

7
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MAGNET

NCH

BAR BEING MAGNETIZED

FNENENINENENGEN|(2)

BAR MAGNETIZED

Figure 12 — A. Molecular magnets. B. Broken magnets.
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STROKING METHQD

Figure 13 — Methods of producing artificial magnets.

definite relationship existed be-
tween magnetism and electricity.
By experimenting, he discovered
that a magnetic field existed
around a current-carrying wire.

His conclusions were developed
when he connected a battery to
opposite ends of a wire and passed a
compass completely around this
wire. The needle of his compass

52-004

always pointed in a direction which
indicated the presence of a mag-
netic field around the wire (Fig. 14).

From his experiment he also de-
tected a relationship which exists
between direction of current flow
and direction of magnetic lines of
force. The direction these lines
travel around the wire can be found
by the “Left Hand Rule” (Fig. 15).

9
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Figure 14 — Direction of a field around a cur-
rent carrying wire.

The thumb points in the direction
of the current flow, and the fingers
point to the direction in which lines
of flux travel.

Earlier in this lesson it was ex-
plained that valence electrons in
non-magnetic materials normally

CURRENT

+

BATTERY

pair off and spin in opposite direc-
tions. This is true for copper and
many other conductors of electrici-
ty. You may wonder how copper can
produce a magnetic field around it.
When electric current flows, large
quantities of free electrons move in
the conductor. It is believed that
when an electron moves from atom
to atom, it is no longer paired with
one spinning in the opposite direc-
tion. Instead it seems to rotate in
the same direction. The lines of
magnetic force from each electron
are joined by lines from others and
expand to encompass the wire.

If two current-carrying wires are
placed side by side, the lines of flux
interact and affect each other (Figs.
16 & 17). When the current flow is
opposite, flux patterns oppose each
other (Fig. 17). If one battery is
reversed (Fig. 16), the lines com-
bine to form a field which now
encompasses both wires. Should

DIRECTION
OF FLUX

Figure 15 — Left hand rule for conductors.

10
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ADJACENT WIRES
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Figure 16 — A magnetic field around wires
with currents flowing in the same

Tﬁ

L1 | ——

ADJACENT WIRES

A e

Figure 17 — The magnetic fields around wires
with currents flowing in opposite
directions.

you include additional conductors
with the same polarity currents,
the field will expand to encircle
these also.

52-004
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Compare the field produced from
a coil of wire to that of a bar mag-
net (Fig. 18). Notice the similarity.
Magnetically, the coil produces all
the effects of the bar magnet. It can
attract and hold other magnetic
material, and when it is freely sus-
pended, it will align in a north-
south direction.

Figure 18 — A. Magnetic field around current
conducting wire. B. Field sur-
rounding a bar magnet.

The polarity of this magnetic
field is related to the direction of
current flow, again by a left hand
rule (Fig. 19). This is known as the
left hand rule for coils. If you know
the direction of current flow

11
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DIRECTION OF
NORTH POLE

DIRECTION

OF CURRENT \
N\
S
\ V4

)

coiL

Figure 19 — Left hand rule for coils.

through a coil of wire, you can
determine the polarity of the mag-
netic field. The left hand rule for
coils states that if you wrap the
fingers of your left hand around a
coil so that the fingers point in the
direction of current flow, the thumb
will point to the north end of the
magnetic field set up by the coil.

ELECTRIC CURRENT FROM
MAGNETIC FIELDS

You have seen how magnetic
fields are produced by electric cur-
rent flowing through wire. We will
now illustrate how current can be
produced from a magnetic field.
When a conductor of electricity is
physically passed through a mag-
netic field, voltage is induced in the
conductor, and current can be made
to flow. Figure 20 illustrates the

12

polarity of induced voltage and di-
rection of current when a conductor
is passed through the field of a
magnet. Motion of the conductor
through the magnetic field ap-
parently causes the lines of force to

VOLTMETER

Figure 20 — The motion of conductor through
a magnetic field induces a voltage.
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react with lines surrounding free
electrons. This interaction causes
the electrons to spin in one direc-
tion and move toward one end of
the conductor. The end toward
which they move is determined by
the direction which the conductor
moves through the field. Reverse
the direction, and current will flow
in the opposite direction. This is the
principle upon which generators
and alternators operate.

Figure 21 pictures a basic DC
generator. As the single loop (the
armature) revolves between the
poles (the stators), voltage is in-
duced in the loop. Polarities of volt-

ARMATURE

Electronics

age and current reverse each half
revolution as the loop changes its
direction through the field.

A split ring commutator is in-
cluded which also reverses after
each half revolution. This keeps the
current flowing from the generator
in one direction.

Commercial and industrial gen-
erators are extremely complex de-
vices. They are designed with many
pole pairs and multi-pole arma-
tures. Windings through which
current flows are added to increase
efficiency and provide control of
output voltage, current, and power.

Figure 21 — A basic DC generator.
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TEST

Lesson Number 4

IMPORTANT

Carefully study each question listed here. Indicate your answer to
each of these questions in the correct column of the Answer Card

having Test Code Number 52-004-1.

1. A natural magnet
A. is manufactured.
< B. is found in nature.
C. does not exist.
D. is composed of rubber.

2. Three magnetic materials are
A. copper, gold, and iron.
= B. iron, nickel, and cobalt.
C. rubber, steel, and glass.
D. silver, glass, and air.

3. Pure aluminum
A. is magnetic.
= B. is non-magnetic.
C. is magnetic when hot.
D. is magnetic when cold.

4. The earth
A. is not magnetic.
B. can be magnetic.
= C. is magnetic.
D. is sometimes magnetic.

14
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5. The pole of a magnet which points north is called the
« A. north-seeking pole.

B. south-seeking pole.

C. neutral pole.
D.

repelling pole.

=

magnetic force field
is solid.

is fluid.

can not be seen.
can be seen.

o
=

e strength of a magnetic field is measured in
volts.
ohms.
gausses.
amperes.

vowrE Uowp®

o

electron is
non-magnetic.
magnetic.
neutral.
stationary.

cow>§

9. If you break a bar magnet into pieces,
« A. each will be magnetic.
B. only one will be magnetic.
C. none will be magnetic.
D. both will be stronger.

10. Electromagnetism can be produced by
A. friction.
* B. electric current.
mechanical motion.
resistance.

oo
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“School Without Walls”
“Serving America’s Needs for Modern Vocational Training”

\)
@ What Price Success

We don’t mean to bug you, but...Do you want to be successful
in your chosen field of endeavor? Hoping that the answer to this
question is yes, how do you propose to reach that unreachable
star?

Everyone in the world has the potential for unlimited growth
and the highest level of success. The challenge is to have the
desire to attack this challenge and utilize this capacity to its
fullest extent. Do not let your abilities go to waste.

As you continue with your ASI courses try to approach them as
your newest and toughest opponent in your quest for success.
Never lose your lust for knowledge: you and you alone hold the key
to your success. Get started right now!

O e

S. T. Christensen
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REVIEW FILM TEST

Lesson Number 5

The ten questions enclosed are review questions of
lessons 1, 2, 3, & 4 which you have just studied.

All ten are multiple choice questions, as in your regular
lesson material.

Please rerun your Review Records and Film before
answering these questions.

You will be graded on your answers, as in the written
lessons.

REMEMBER: YOU MUST COMPLETE AND MAIL IN ALL
TESTS IN THE PROPER SEQUENCE IN ORDER FOR US

TO SHIP YOUR KITS: - — —
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REVIEW FILM TEST
IMPORTANT

Carefully study each question listed here. Indicate your answer to
each of these questions in the correct column of the Answer Card
having Test Code Number 52-005-1.

1. If two resin rods are rubbed with the same material, they will
A. attract each other.

= B. repel each other.
C. always point north.
D. become magnets.

2. An electron is
A. a positive particle.
—B. a negative particle.
C. an atom.
D. part of a nucleus.

3. A free electron is
A. an electron without a charge.
=B. an electron that drifts from atom to atom.
C. aliquid.
D. a material discovered by Greeks.

4. When electrons are moved through a wire in only one direc-
tion, we have
. a positive charge.
B. a negative charge.
C. a lodestone.
- D. an electric current.

2 52-005
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5. In Ohm’s Law, the letter used to represent voltage is

N
y vowrE vow»F
Q
"";U<t1:l§' =BHIOQ

A. L
B. V.
C. R.
— D. E.
6 Ohm’s Law, the letter used to designate current is

’s Law, the letter used to designate resistance is

5

wer is generally expressed in

{

®w
vowry cowr

destones
are electrons.
act like magnets.
are battery operated.
were discovered by Ben Franklin.

i

=

agnets always point

A. North/South.

B. East/West.

C. up/down.

D. to the center of the earth.

10.
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“School Without Walls"
“Serving America’s Needs for Modern Vocational Training

7 Organize Your Efforts

(Stop, Look, and Perform)

We’d like to light your fire! So listen. In order for anyone to be
effective in their work it is of the utmost importance to have what
we like to refer to as “‘our game plan”.

Before tackling your problem allow yourself to step back, take a
deep breath and find the logical starting point. In relation to your
position as a home study student you, more than we, must show a
strong ability toward organization.

As you begin your assignment try and use these three con-
cepts to improve your academic performance: 1. seek important
information, 2. organize this information into a logical and under-
standable structure, and 3. use this information to answer your
questions.

Constant review with this procedure will definitely help you

improve your position in the home study field; and also serve
as a guideline for future understanding of electronics today and

tomorrow.

S. T. Christensen
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Electronics

CELLS AND BATTERIES

INTRODUCTION

An electric cell is broadly defined
as a device which produces electri-
cal energy from something other
than mechanical motion. The most
common type of electric cell
cEemlcél a'%EiEE, but heat, llgﬂt and
pressure can also provoke electrons
and cause them to move.

A cell is one single source of
voltage and electric current. Bat-
Yeries contain more than one cell
arranged to produce higher volt-
ages or greater amounts of current.
Several dry cells and dry cell bat-
teries are shown in Figure 1.

The development and use of bat-
teries somewhat parallels the rapid
growth of electronics; excluding a
period of time shortly after elec-
tronics had its beginning. Early ra-
dios were powered mostly from
lead-acid storage batteries with the
higher voltage potentials coming
from dry cell batteries.

When electric power became
commonly available, power packs
replaced batteries and new radios
were designed to operate from ordi-
nary house current. Battery operat-
ed portable radios existed, but they

52-006

contained vacuum tubes which re-
quired considerable current to
operate their filaments. Because of
this high power requirement, bat-
tery life was short and they were
not exceptionally popular.

In B ab -
ries announced the results of stud-

1es ana experiments By a spec1al
B
Tesearch group. The product of this

research, the transistor, was soon

to revolutionize the entire electron-
1CS held,

Soon afterwards in about 1953,
battery powered portable radios
were available from leading radio
manufacturers. Completely port-
able record players, tape recorders
and TVs followed. With the sudden
increase in demand for batteries to
power these devices, manufac-
turers were pressured to fulfill this
need. Battery makers then began
earnestly to update their products
for this fast changing technology.

Longlasting mercury batteries
were soon available, followed by
other long life types. As more ver-
satile batteries became available,
electronics manufactuers designed,
developed, and marketed whole



Advance Schools, Inc.

<

— i
Nengizet

Figure 1 — Various types ot dry cells. At the bottom are shown three Mercury Cells of different
sizes. Mercury cells are dry cells in which the energizer consists of mercury.

new generations of compact port-
able equipment.

In addition to entertainment,
battery powered products now
serve thousands of seriously
aflicted persons. Subminiature
hearing aids bring sounds to par-
tially deaf people, and some day it
will be possible for blind persons to
regain sight. A device which is cur-
rently in the laboratory stage

2

traces images on patches of sensi-
tive skin. A blind person need only
be trained to respond in order to
gain a second sight. Thousands of
heart patients owe their life to a
tiny battery powered device. It de-
velops signals which are routed to
an impaired heart to keep it beat-
ing. Some of these devices (battery
included) are buried deep in the
human body; the battery is re-
charged inductively without direct
connection to the charging source.
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Little of this is possible without
the use of the transistor. Nor could
it some day be a reality without
modern batteries.

ELECTRIC CELL ELEMENTS

Chemical electric cells consist of
three basic parts.

1. Electrodes are in the form of
carbon or metal strips. blocks,

lates or rods. 1lhese electrodes,
also called plates, gather positive
and negative charges and make
them available at terminals. Each
cell consists of a positive terminal
connected to one or more positive
electrodes and a negative terminal
connected to one or more negative
electrodes.

2. Electrolyte is a solution in
whicE 1he E]EEEEQE (plates) are

immersed. Two common forms o

electrolyte are a Tiquid and a moist

aste. Active chemicals are saI;,
acig or alka 1pe solutions. Two dis-
finct types of cells exist with two
different chemical actions. In one
type of cell, chemicals corrode or
etch a material which releases
large quantities of electrons that
gather at the negative terminal.
The electrolyte serves two pur-
poses; it is both an active agent and
a conductive path within the cell.
The second type of cell confines all
chemical action to the electrodes.
The solution does not act on the
plates; it serves only as a conductor
of electric current within the cell.

In the familiar automobile stor-
age battery, electrolyte is a liquid
solution of water with acid. Popular
dry cells (Leclanche) contain an al-
kaline electrolyte in the form of a
wet paste (Fig. 2).

52-006
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rNEGATIVE TERMINAL
rPOSITIVE TERMINAL

.......

SEALING WAX

ZINC CONTAINER
AND NEGATIVE
ELECTRODE

WET PASTE
ELECTROLYTE

~—~CARBON ROD
OR POSITIVE
ELECTRODE

Figure 2 — Internal arrangement of a
Leclanche dry cell.

3. w
the ¢ i d other
ce ase forms vary widely among

ifferent manufacturers and for
different type cells. They are made
from many substances such as
glass, metal, plastic, etc. In the
popular Leclanche dry cell, a zinc
container also serves as the nega-
tive electrode (Fig. 2).

CHEMICAL ELECTRIC CELLS

Figure 3 pictures a simple voltaic
or galvanic cell. An acid etches or
corrodes the surface of a material
and releases large quantities of
electrons which are free to flow.
They tend to congregate at the neg-
ative electrode which is the plate.
This particular cell consists of a
sheet or block of metallic zinc and
one of carbon; both are immersed in
a liquid solution of water with sul-
phuric acid. The water-acid solu-
tion is the electrolyte; the zinc and
carbon pieces are the electrodes
(plates). A surplus of electrons be-
comes available at the zinc elec-

3
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trode, charging it negative. The
carbon with an absence of electrons
is charged positive. This results in
a voltage or a difference of poten-
tial between the positive and the
negative electrodes.

<0

————
ELECTRON

FLOW

’; ~©so,

| 4 vovs

ZINC CARBON
zy) ()

Figure 3 — A simple voltaic cell.

THE BATTERY CIRCUIT

A battery circuit includes some
type of battery or cell and a load
which is external to the battery.

E: Electrically sgeakingI a
1S anxthing which takes cur-

loa
rent trom a power source.
" _source.

Figure 3 pictures a battery cir-
cuit consisting of a single voltaic
cell and an externally connected
lamp. This circuit is shown sche-
matically in Figure 4 using sym-
bols. Switches and parallel or series
connected resistances are often in-
cluded in battery circuits.

4

LAMP

¢ ®

Figure 4 — A complete circuit shown schemat-’
ically.

With a light bulb connected be-
tween the two electrodes of a vol-
taic cell (Fig. 3), current will flow
from the negative(—) zinc electrode
through the bulb to the positive (+)
carbon electrode. From the positive
(+) electrode, they enter the elec-
trolyte and drift back to the zinc
electrode. Zinc is etched by the elec-
trolyte causing atoms of zinc to
enter the solution. Hydrogen gas
escapes to make room for them, and
new chemical compounds are
formed in the electrolyte when sul-
phur, zinc, oxygen, and hydrogen
combine. Eventually the negative
electrode is either completely dis-
solved, or the solution contains all
the zinc compounds it can hold. At
this time chemical action ceases, as
does the current. To restore action,
the zinc electrode and the elec-
trolyte must be replaced.

The cell described, voltaic or gal-
vanic, has little practical value be-
yond the laboratory. It is used to
describe basically how electrical
energy may be generated from
chemical action.

INTERNAL RESISTANCE

When new, galvanic cells develop
approximately 1.5 volts with small
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amounts of current flowing. In-
crease the current, and portions of
the 1.5 volts appears across resis-
tance within the electrodes and
electrolyte. As more current flows,
progressively more voltage is wast-
ed within the cell, and less is avail-
able across the terminals. These
voltage drops within the cell are
due to internal resistance, which
limits the amount of current that
any cell can deliver to a load.

PRIMARY CELLS

The voltaic cell described (Fig. 3)
may be identified with a group call-
ed primary cells. Common flash-
light and transistor radio batteries

belong in this group. Primary cells

depend on chemical dEEZrEEE‘EEn o!

an electrode for their operation apd.
norma echar

are_no

ey are considered to be dis-
posable and require replacement
when electrode material is ex-
hausted.

SECONDARY CELLS

Secondary cells are those which
are rechargeable; auto storage bat-
teries are an example. Electrodes in
secondary storage cells are grid-
like structures of chemically stable
metals. These are coated with
chemicals which either react with
each other or are transferred
through the electrolyte to the op-
posite plate.

Secondary cells can be repeatedly
recharged by forcing current
through them in a reverse direc-
tion. These cells or batteries have
been particularly useful for power-
ing mobile gear where a generator

52-006
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or alternator is available to keep
them charged. Smaller sealed ver-
sions of some types are frequently
used to power portable equipment,
lights, shavers, radios, TVs, etc.
They can be easily rejuvenated
from ordinary house current in
simple low cost chargers.

BATTERY CHEMISTRY

If a conductor is connected ex-
ternally to the electrodes of a vol-
taic cell, electrons are forced to flow
because of the difference in poten-
tial between plates. Current will
flow from the negative plate
through the external conductor to
the positive plate, returning within
the solution to the negative elec-
trode. After a short period of time,
a burning-like action begins to oc-
cur. Chemicals actually burn elec-
trode material much like oxygen
consumes fuel. A chemical cell is
similar to a furnace, but the energy
released is electrical instead of
heat.

The voltage across the electrodes
depends upon the materials from
which the electrodes are made and
the type of electrolyte used. For
example, the difference of poten-
tial between carbon and zinc elec-
trodes in a diluted solution of sul-
furic acid and water is about 1.5
volts.

The current that a cell delivers is
dependent upon the resistance of
the entire circuit, including the re-
sistance within the cells elements.
Internal resistance is determined
by the size of the electrodes, the
distance between them in the solu-
tion, and their resistance. The

5
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larger the electrodes and the closer
together they are, the lower the
internal resistance and the more
current the cell can deliver.

When current flows in a galvanic
cell (Fig. 3), zinc gradually dis-
solves into the solution causing
acid to be neutralized. A chemical
equation is sometimes used to show
the action that takes place. Sym-
bols represent the different materi-
als that are used (C for carbon, Zn
for Zinc, etc.). As stated previously
in Lesson 2, all matter is composed
of atoms and molecules, with the
atom being the smallest divisible
part of an element and the mole-
cule the smallest divisible part of a
compound.

A compound is a chemical com-
bination of two or more elements in
which the physical properties of the
compound are different from those
of each element. For instance, a
molecule of water (H,O) is com-
posed of two atoms of hydrogen (H,)
and one atom of oxygen (O). Ordi-
narily, hydrogen and oxygen are
gases, but when combined, they
form water which is normally a
liquid. Sulfuric acid (H,SO,) and
water (H,0) form a mixture, not a
compound. The identity of both lig-
uids is preserved; they are merely
mixed, not chemically combined.
The acid molecules fill spaces be-
tween water molecules.

Current flow from a primary cell
of carbon and zinc electrodes (in a
diluted solution of sulfuric acid)
results in a chemical reaction that
can be expressed as:

Zn + HzSO.| + HzO' >ZnSO4 + Hzo + Hg?
discharge

NOTE: A gas is designated by an
arrow pointing upward.

The expression indicates that as
current flows, a molecule of zinc
combines with a molecule of sul-
furic acid to form zinc sulfate
(ZnSO,) and hydrogen (H,). The
zinc sulfate dissolves in the solu-
tion, and hydrogen gas appears as
bubbles around the carbon elec-
trode. As current continues to flow,
zinc is gradually consumed, and the
solution changes to zinc sulfate
and water. The carbon electrode
does not enter into the' chemical
changes, but simply provides a con-
tinuous path for the current.

In the process, positive and nega-
tive ions form in the solution and
move in opposite directions. Posi-
tive ions are hydrogen atoms that
are minus an electron. These posi-
tive ions attach themselves to the
positive electrode, attracted by the
negative charge of returning elec-
trons. The negative ions are SO,
which form zine sulfate (ZnS0,), a
grayish-white substance that dis-
solves in water. While positive and
negative ions are moving in op-
posite directions (through the elec-
trolyte) electrons are moving from
the negative zinc terminal through
the load and back to the positive
carbon terminal. When the zinc is
used up, the voltage of the cell
becomes almost zero.

POLARIZATION
The chemical acti

on_that.accurs

a2 primarx.cell whi rent is
flowing causes hydr

. A few of these bubbles rise to

t%e surface and escape, but most
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surround the positive electrode.
This action is called polarization,
and soon the entire surface of the
positive electrode is covered with
bubbles of hydrogen.

Hydrogen tends to set up an op-
posing force which acts against the
cell’s voltage to reduce the output
current. A cell that is heavily po-
larized has no useful output. There
are several ways, however, to pre-
vent or overcome polarization after
it has occurred. The accepted meth-
od is to combine a substance with
the hydrogen which neutralizes its
effect.

A commercial form of voltaic cell
(the"dry cell) employs a depolariz-
Ing substance rich In oxvgen. Lx-
cess oxygen from this substance
combines chemically with the hy-
drogen to form water (H;0O). A com-

mon depolarizing chemical used in
dr F&i Manganese dioxid
;ﬁn02). It suppiles enougE free ox-
ygen to keep the cell virtually free
from polarization. Thus, the re-
verse voltage of polarization does
not exist, and the voltage and out-
put current are reasonably con-
stant.

LOCAL ACTION

When the load is disconnected
from a cell or battery, current
ceases to flow, and theoretically, all
chemical action within the cell
stops. In practice, this is not quite
true, because commercial zinc con-
tains many impurities, such as
iron, carbon, lead, or arsenic. Im-
purities react within the zinc elec-
trode to form minute batteries in
which current flows between them
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Figure 5 — lllustrates local action.

and the zinc. Thus, the zinc is being
consumed even though the cell it-
self is not in use. This wasting
away of the zinc without useful
current flowing is called local ac-
tion. For example, a small local cell
exists on a zinc plate containing
impurities of iron, as shown in Fig-
ure 5. Electrons flow between the
zinc and iron through the solution
around the impurity. The negative
SO, ions combine with the positive
Zn ions to form ZnSO,. Thus, the
acid in the electrolyte becomes in-
active and the zinc is consumed.

Local action may be prevented by
using pure zinc (which is not practi-
cal), by coating the zinc with mer-
cury, or by adding small amounts of
mercury to the zinc during manu-
facture. Treating the zinc wit
mercury 1s called amalgama or
mixing. oSince mercury 1s much
Reavier than water, small particles
of light weight impurities float to
the surface of the mercury. Remov-
al of these impurities from the zinc

7
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prevents local action. The mercury
is not readily acted upon by the
acid; even when the cell is deliver-
ing current to a load, the mercury
contributes a neutralizing effect on
the impurities. This process greatly
increases the life of a primary cell.

TYPES OF BATTERIES

The development of new bat-
teries since the 1950’s has been so
rapid that it is virtually impossible
to have a complete knowledge of all
of the various types. A few recent
types are silver-zinc, nickel-zinc,
silver-cadmium, magnesium-mag-
nesium perchlorate, mercury, ther-
mal, and water-activated batteries.

The lead-acid battery has been in
service for a relatively long period
of time, but there are various alter-
ations still being made to improve
it. Although it does not include all
types of batteries, this lesson pro-
vides the reader with a knowledge
of various kinds.

DRY (PRIMARY) CELLS

The dry cell is so called, because
its e!_ectro] te 1s not 1n a lquid
State. Kctuail the electrolyte 1S In
The form of a_moist :B'aSEET 1§ {3
shou ecome dry, it would no

longer be able to transform chemi-
cal energy into electrical energy.
The name dry cell, therefore, is
somewhat misleading and not en-
tirely correct in a technical sense.

CONSTRUCTION OF THE
DRY CELL

The construction of a common
type of Leclanche dry cell is shown

8

in Figure 6. The internal parts of
the cell are located in a zinc con-
tainer which also serves as the neg-
ative electrode. The container is
lined with blotting paper which
separates the zinc from the paste. A
carbon electrode, located in the cen-
ter, serves as the positive terminal.
The paste is a mixture which may
vary in composition between manu-
facturers. Generally, however, the
paste contains some combination of
the following substances: ammoni-
um chloride (sal ammoniac), pow-
dered coke, ground carbon, man-
ganese dioxide, zinc chloride,
graphite, and water.

This electrolyte is packed in the
space between the carbon electrode
and the container. Terminal posts
are attached to the electrodes and
project from the cell which permits
easy attachment of wires. Prior to
sealing with a disc of asphalt-
saturated cardboard, a small ex-
pansion space is provided.

Since the zinc container is one of
the electrodes, it must be protected
with an insulating material. It is
common practice for manufac-
turers to enclose these cells in card-
board containers. Some manufac-
turers use steel jackets insulated
from the zinc as final enclosures.

CHEMICAL ACTION OF
THE CELL

The dry cell (Fig. 6) is funda-
mentally the same as the simple
voltaic cell (in this case, wet cell)
described earlier, in relation to its
internal chemical action. The ac-
tion of water and ammonium chlo-
ride in the paste, together with the
zinc and carbon electrodes, pro-
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Figure 6 — Internal construction of a Leclanche dry cell.
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duces voltage. Manganese dioxide
is added to reduce polarization
when current flows, and zinc chlo-
ride reduces local action when the
cell is idle. The blotting paper, a
paste-coated pulpboard separator,
serves two purposes, one being to
keep the paste from making contact
with the zinc container, and the
other being to permit moisture to
slowly filter through the separator
and act on the zinc. This type of cell
is sealed at the top to prevent air
from entering and drying the elec-
trolyte.

Zinc chloride-Leclanche type dry
cells have a number of detracting
features:

1. Output voltage becomes lower
through their life cycle due to
increasing internal resistance.

2. They deteriorate somewhat
during storage.

3. High temperatures reduce
their useful life span.

4. They can supply only moder-
ate amounts of current.

Despite these drawbacks, they
still enjoy considerable popularity
due to their low cost.

MERCURY CELLS

With the advent of the space pro-
gram and the development of mini-
aturized equipment and small
transceivers an appropriate power
source was needed. Such equipment
requires a small battery which is
capable of delivering maximum
electrical capacity while operating
in varying temperatures, and at a
constant voltage. The mercury bat-
tery, which is one of the smallest,
meets these requirements.
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Mercury batteries are manufac-
tured in three basic structures. The
wound anode mercury cell (Fig. 7A)
has one plate composed of corru-
gated zinc faced with absorbent
paper. The zinc is mixed with
mercury, and the paper is soaked
with the electrolyte causing it to
swell and produce a contact pres-
sure.

In the pressed powder cells (Figs.
7B and 7C), the zinc powder is
mixed with mercury prior to being
pressed into shape. Its sponge-like
structure allows electrolyte to be
absorbed so that it will act on large
quantities of electrode surface
when current is discharged.

Double can structures are gener-
ally used in larger cells. The space
between the inner and outer con-
tainers provide passage for any gas
generated by improper chemical
balance or impurities present with-
in the cell. Construction is such
that, if excessive gas pressures are
experienced, the compression of the
upper part of the grommet by in-
ternal pressure allows gas to escape
into the space between these two
cans. A paper tube surrounds the
inner can so that any liquid car-
ried by discharging gas will be
absorbed, maintaining a leak resis-
tant structure. Release of unusual-
ly large amounts of gas automati-
cally reseals the cell.

NOTE: Mercury batteries have
been known to explode with con-
siderable force when shorted. Cau-
tion should be exercised to prevent
this from happening. Do not short
the terminals of a mercury cell or
battery.
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Figure 7 — Three types of mercury cells: A} wound anode type; B) flat pellet structure; C) cylindrical

structure.

The overall chemical action by
which mercury cells produce elec-
tricity is given by the following
chemical formula:

Zn + H,O + HgO—»ZnO + H,0 + Hg

This action, the same as in other
type cells, is a process whereby

52-006

chemicals combine with oxygen.
The alkaline electrolyte is in con-
tact with the zinc electrode. Zinc
oxidizes (Zn changes to ZnO), thus
taking oxygen from water mole-
cules in the electrolyte. This leaves
positive hydrogen ions, which move
toward the mercuric oxide pellet,
causing polarization. These hydro-
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gen ions take oxygen from the mer-
curic oxide, thus forming water.
Where one molecule of water is
destroyed at the negative electrode,
one molecule is produced at the
positive electrode, maintaining the
net amount constant. By absorbing
oxygen, the zinc electrode gathers
excess electrons, making it nega-
tive. By giving up oxygen, the mer-
curic oxide electrode loses elec-
trons, making it positive. When
discharged, the negative electrode
becomes zinc oxide, and the positive
electrode becomes ordinary mercu-

ry.

COMBINING CELLS

In many cases, battery powered
devices may require more power
than one cell can provide. The de-
vice may require either a higher
voltage or more current, and in

+
- + -
e,

£ 3

I

1/8 AMP

some cases both. Under such condi-
tions, it is necessary to combine or
interconnect a number of cells to
meet the power demands. Cells con-
nected in series provide a higher
o) T OO | T e = hile clls conperted in
parallel provide a greater current

c:aEa:c: 15% To prov1.ae adequate
power when both voltage and cur-

rent needs are greater than any one
cell can provide, a series-parallel
combination of cells must be used.

SERIES CONNECTED CELLS

Assume that a load requires a
6-volt power supply with a current
capacity of /s amp. Assume that a
single cell normally supplies a po-
tential of only 1.5 volts. More than
one cell is obviously needed. To
obtain the required higher poten-
tial, cells are connected in series as
shown in Figure 8A.

+ - -+
C-% X

| 1}

ST % S ﬁ-gﬂ/ﬂw—f"

6 VOLTS

4TH

=

Figure 8 — A) Series connected cells; B) Series circuit represented schematically.
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In a series hookup, the negative
terminal of the first cell connects to
the positive terminal of the second,
the negative terminal of the second
to the positive of the third, etc. The
positive terminal of the first cell
and negative terminal for the last
cell are connected to the load. In
this way, voltage is boosted 1.5
volts for each cell. There are four
cells; therefore, the output termi-
nal voltage is 1.5 X 4 =6 volts.
When connected to the load, /s amp
flows through the load and each cell
in the battery. Each cell can deliver
this amount, so only four are
needed. These four can be properly
called a battery of cells.

PARALLEL CONNECTED
CELLS

In this case, assume an electrical
load requires only 1.5 volts but will

+ —
T e
aryy

Il
i

Electronics

draw !/2 ampere of current. Also
assume that one cell can supply /s
ampere. To meet the requirement,
cells are arranged in parallel, as
shown in Figure 9A. In a parallel
connection, all positive terminals
are connected to one line, and all
negative terminals tie to the other.
The potential difference between
the lines is the same as that of one
cell (1.5 volts); however, each cell
may contribute its maximum al-
lowable current of /s amp to the
line. There are four cells; therefore,
the total line current is /s + /s +
/8 + /g = 4/s which is /2 amp. In
this example, four cells have
enough capacity to supply a load
requiring /2 amp at 1.5 volts.

SECONDARY (WET) CELLS

Secondary cells function on the
same basic chemical principles as

1-1/2 VOLTS LOAD

Figure 9 — A) Parallel connected cells; B) Parallel circuit shown schematically.
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primary cells. They differ mainly in
that they may be recharged, where-
as the primary cells cannot. Some
of the materials in a primary cell
are consumed when chemical ener-
gy is changed to electrical energy.
In the secondary cell, materials are
usually transformed into other
chemical compounds as the cell dis-
charges. Discharged secondary
cells may be restored or charged to
their orginal state by forcing elec-
tric current through them in an
opposite direction.

The storage battery consists of a
number of secondary cells con-
nected in series. Technically, this
battery does not store electrical en-
ergy but is a source of chemical
action which produces electrical en-
ergy. There are various types of
storage cells: the lead-acid type
which has an EMF of 2.2 volts per
cell; the nickel-iron alkali type
which has an EMF of 1.2 volts per

FILLER OPENING
IN CELL COVER

PLATE
STRAP

"

CONTAINER_-———-——'_}

PLATE

cell; the nickel-cadmium alkali
type with an EMF of 1.2 volts per
cell; and the silver-zinc type which
has an EMF of 1.5 volts per cell. Of
these storage cells, the lead-acid is
most widely used and will be de-
scribed first.

LEAD-ACID BATTERIES

The lead-acid battery is an elec-
trochemical device for storing
chemical energy until it is released
as electrical energy. Active materi-
als within the battery Teact to pro-

uce a tlow ot direct current when-
&ver a load 1S connected to the
ferminals, Current 1s produced pe-
THUSe ol chemical action between
material on the plates or electrodes
and the electrolyte. Lead-acid bat-
teries are wused extensively
throughout the world. The parts of
a lead-acid battery are illustrated
in Figure 10 and are discussed in
the following paragraphs.

VENT

I PLUG

TERMINAL
POST

TERMINAL
CONNECTOR

SPACE

Figure 10 — A typical lead-acid storage battery.
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LEAD-ACID BATTERY
CONSTRUCTION

A lead-acid battery consists of a
e ey

niTmber of cells connected together;

er needed nds upon

e voltage desired. Each cell pro-

auces approximately 2 volts.

A cell consists of a hard rubber,
plastic, or bituminous material
compartment into which is placed
the cell element. This cell consists
of two types of lead plates, positive
and negative (Fig. 11). These plates
are insulated from each other by
suitable separators which are usu-
ally made of plastic, rubber, or
glass. They are submerged in a
sulfuric acid-water solution, the
electrolyte.

There are a variety of plates used
in the lead-acid battery, each of

POSITIVE
PLATE

Electronics

which is designed to fulfill a specif-
ic purpose. Most commonly used
are pasted plates. These are formed
by applying lead-oxide paste to a
grid (Fig. 12) which is made from a
lead-antimony alloy. The grid is
designed to give the plates mechan-
ical strength, to hold the active
material in place, and to provide a
conductive path for electric cur-
rent. The lead oxide is applied to
the grids in paste form and then
allowed to dry. These plates are
then put through a process that
converts active material on the pos-
itive plates into lead peroxide, and
the negative plates into sponge
lead. This is done by immersing the
plates in an electrolyte and passing
current through them in the proper
direction. These types of plates are
light in weight compared to other
plates that are more rugged and
durable in construction.

SEPARATOR

NEGATIVE

N
- —

CELL ELEMENT
PARTLY ASSEMBLED

Figure 11 — Internal parts from a cell of a lead-acid storage battery.
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Figure 12 — Grid like structure of a plate from
a lead-acid storage battery.

After the plates have been
formed, they are built into positive
and negative groups. The negative
group always has one more plate
than the positive group. This keeps
the expansion and contraction that
takes place in the positive plates
the same on both sides, and pre-
vents buckling. The groups are
asembled with separators between
them to form cell elements (Fig.
11). Separators are grooved on one
side and smooth on the other. The
grooved side is placed next to the
positive plate to permit free circu-
lation of the electrolyte around the
active material.

Chemicals on the positive and
the negative plates are referred to
as the active material; however,
alone in a container, they will
cause no chemical action. There
must be a current path between
plates. It is the electrolyte which
provides this current path within a
cell.

A battery’s container is the case
into which the cells that make up

16

the battery are placed. Most con-
tainers are hard rubber, plastic, or
bituminous composition. They are
resistant to mechanical shock and
are able to withstand extreme
weather conditions. Most batteries
are assembled in a one-piece con-
tainer with compartments for each
individual cell The bottom of the
container has ribs molded into it to

provide both support for the ele-
ments and a sediment space for
flakes of active material which drop
off the plates.

The battery’s container and the
covers which enclose it are usually
made from identical material.
There are three openings in the cell
covers. These holes are provided for
the positive terminal, the negative
terminal, and the vent plug.

Cell connectors are used to tie the
cells of a battery together electri-
cally. Each cell is constructed so
that the negative terminal of one is
physically located next to the posi-
tive terminal of the next. Cells are
connected bot<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>