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Two versatile formats for more effective teaching

Heathkit/
Zenith
textbook
series for
classrooms,

group
instruction

Heathkit/Zenith
Classroom Courses
can form the core
of your electronics,
computer and au-
tomotive curriculum.
Each course is a
complete training package with texts; workbooks: a fully
detailed Heathkit/Zenith instructor's guide with sugges-
tions on making the course more effective; trainers and
training materials for hands-on experiments: unit review
examinations and a final examination for competency-
based progress.

Ourcourses can be used in classes of varying lengths.

Student workbooks include interactive experiments,
which provide actual experience with components and
circuitry. Separate parts packs are available so each
student can participate in these experiments.
Course-compatible trainers are used to perform experi-
ments, and for later breadboarding and design work.
Heathkit/Zenith Courses are priced to fit your budget.
Contact your local representative (see back cover) to get
complete information and price schedules.

Tried and tested in classrooms around the nation, these
courses will be a welcome addition to your curriculum.

Need
self-study
courses?
Heathkit/
Zenith has
the effective
answer

Do you need to pro-
vide effective training
on-the-job, or in-the-
field, because impor-
tant people can't be
taken off the job and
into the classroom?
Heathkit/Zenith can provide the answer!

Heathkit/Zenith Classroom Courses are also available in a
convenient and effective format for individualized study.
Programmed self-study texts allow the student to pro-
gress at his or her own pace. Program materials are de-
signed to guide the student, step-by-step, until important
concepts are mastered.

Audio-visual aids, included with many courses, help teach
those difficult concepts.

Self-test reviews insure that the student thoroughly
understands what has been presented before movingon to
the next section.

Heathkit/Zenith Self-Instruction Courses feature
hands-on experiments to give students the actual experi-
ence so vital to understanding state-of-the-art electronics,
computer programming and other subjects.

As in our classroom courses, these self-instruction
courses include specially-written final examinations.

Full Line of Heathkit/Zenith Courses Covers Most Important Subjects

FUNDAMENTALS OF ELECTRICITY/ELECTRONICS
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Heathkit/Zenith
Educational Systems Curriculum

Fundamental
Electronics
pages 4-10

Complete core curriculum.
Includes DC Electronics, AC
Electronics, Semiconductor
Devices, Electronic Circuits,
‘Electronic Communications
and Test Instruments Courses.

Computer Systems
pages 21-24

Students can gain valuable
programming experience
by using a Heathkit/Zenith
system- based on the Z-89
Computer. Teachers and
administrators can realize
many benefits from our
computer systems, too.

Advanced Computer
Electronics TR Programming
L. mAS '"1}."' e
| pages 11-13 A “Rssemsly pages 25-29
) The next step in an electronics « ¢ 00 Courses which cover business
) education. Five courses @ applications. Programming

cover state-of-the-art subjects
(Op-Amps, Active Filters, IC
Timers, Phase-locked Loops,
Optoelectronics).

Digital Techniques
pages 14-15

Includes theory and practical
applications. Covers logic
circuits, Boolean algebra,
flip-flops and registers, digital
design and more. Special
hands-on digital techniques
trainer also available.

Microprocessor
Technology
pages 16-17

One of the lowest-priced
courses of its type. Covers
microprocessors, micro-
computers, interfacing and
programming. Students put
theory into practical use.

Test Instruments
pages 18-20

Our instruments help students
get more from the interactive
experiments in our courses.
Oscilloscopes, frequency
counter, multimeters, function
generator, audio generator
and power supply.

courses teach today’s most
popular computer languages—
BASIC, Microsoft BASIC, Pas-
cal, FORTRAN and COBOL.

Professional
Software
pages 25-29

Operating systems/languages
for courses above. Word
processing. Business applica-
tions software for student
use— can also solve problems
of teachers and administrators.

Exploratory Courses
pages 30-32

Stimulate students’ appetites
with these professionally-
written courses. We offer
Introductions to Electricity,
Electronics, Microprocessors,
PC Boards and Weather in
this course line.

Automotive Courses
pages 33-35

With these application-oriented
courses, students can learn
about Automotive Ignition and
Electrical Systems. Many
professional auto servicing
aids are also available from
Heathkit/Zenith.



Fundamental Electronics Series...
A solid foundation for all electronics studies

Six courses —designed to form the core
of any modern electronics curriculum

Give your students a thorough understanding of electronics
with this comprehensive series of core courses. Courses
start at the entry level of electronics and move into state of
the art technology...or branch into instruments and the use
of electronics in communications.

The Fundamental Electronics Series from Heathkit/Zenith has
been developed to provide instructors and training directors with
a complete package of courses that start at the entry level in
electronics and progress logically through DC and AC electronics,
semiconductor devices, and into the study of electronic circuits
and beyond. All courses in this series are written in a logical
learning sequence that first explains concepts and then builds
upon these concepts for a thorough understanding of each topic.

The DC Electronics Course introduces electricity and mag-
netism: voltage, current and resistance relationships. It continues
with studies of electrical measurements, circuits, resistors, capac-
itors, inductors and more.

The AC Electronics Course covers AC fundamentals and
theory. Included are discussions and experiments in resonance
and reactance; RC, RL and RLC circuits; and how to work with
formulas to analyze the operations of AC circuitry.

The Semiconductor Devices Course is next, with advanced
study in semiconductor fundamentals, diodes, zeners, bipolar
transistor operation and characteristics, FETs, thyristors, ICs and
optoelectronics. The fourth course is Electronic Circuits. It
covers all of the most popular electronic circuits, with emphasis
on integrated circuits.

Electronic Communications presents amplitude modulation,
AM and FM transmitters, pulse modulation and antennas— with
discussions of applications. Test Equipment covers analog and
digital meters, oscilloscopes, frequency generation and mea-
surement, and special measuring instruments.

The latest in learning enhancement techniques are employed
in the courses in this series. Course material is presented in
concise, fast paced units of study, with major topic areas high-
lighted in modular subsections. lllustrations are used through-
out to teach important points. Programmed reviews, at the end of
each section, reinforce learning and increase comprehension.
“Hands-on” experiments provide positive reinforcement of
the material. Experiments are directly related to the material the
student has just learned.

The DC, AC, Semiconductor, Electronic Circuits and Test
Instruments Courses have student textbooks, workbooks,
instructor guides, and course-compatible trainers. Handy parts
packs relieve you of the strain of locating individual parts. The
Communications Course and the full Fundamental Series are
also available in self-instruction formats for individualized
learning requirements.

Spanish language versions are available for self-instruction of
the DC, AC and Semiconductor Courses. The translated manuals
are supported with Spanish-language records. The ET-3100-S Kit
Trainer described below also is available with Spanish manual.

FUNDAMENTALS OF ELECTRICITY/ELECTRONICS
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Devices ™ "} Communications | "§ Equipment

for learning success

mental Electronics Courses

The ETW-3100 ExperlmenterlTramer is required for aII the Fundamental
Electronics Courses. It has solderless breadboarding sockets for easy
component substitution, a 2-range variable sine and square wave (200-
20,000 Hz) signal source, dual-variable power supplies for positive and
negative voltages (1.2-16V, 120 mA). A center-tapped transformer provides

30 V. rms, 60 Hz for line experiments.

ETW-3100, Assembled and tested, Shpg. wt. 6 Ibs
' ET—3100 S, Klt W|th Spanish manuai Shpg. wt. 6 Ibs

Add hands-on experience

Provide students with a greater under-
. standing of electronics. Use the ETW-3100
| Experimenter/Trainer for hands-on rein-
forcement of points made in the Funda-




Entry-Level DC Electronics Course

Teach the essential
electronic principles
your students need

Here's a course that enables you to teach students with no prior
electronics knowledge the necessary electrical principles that
are imperative to their understanding of electronics.
When your students complete this Heathkit/Zenith Course, they
will be able to:
e Explain the relationship of current, voltage, resistance

and power, and solve problems with Ohm’s Law.
@ Explain the relationship between electricity and magnetism.

e Construct DC circuits with components such as resistors,

FUNDAMENTAL

ELECTRONIC
SERIES

e Explain the construction, operation and purpose of resis-
tors, potentiometers, switches, fuses, relays, capacitors,
inductors and batteries.

e Demonstrate safety procedures for test equipment & user.
@ Build and experiment with DC circuits of their own design.
Required Course Trainer: ETW-3100, Shpg. wt. 6 Ibs.

For Spanish Version: ET-3100S, Shpg. wt. 6 Ibs.

Classroom Texts, Workbook, Guides, and Accessories:
EB-6101, Student Textbook, Shpg. wt. 2 Ibs.

EB-6101-40, Student Workbook, Shpg. wt. 2 Ibs.
EB-6101-50, Instructor's Guide, Shpg. wt. 1 Ib.

EB-6101-30, Parts for projects, Shpg. wt. 1 Ib.
Self-instructional:

EE-3101, 1 Binder, Shpg. wt. 7 Ibs.

EEA-3101, Cassette Tapes, Shpg. wt. 1 Ib.

EE-3101-S, Spanish Version, Shpg. wt. 7 Ibs.

relays, switches, lamps, batteries and capacitors using a

schematic diagram as a guide.

e Given a wiring diagram of a circuit, draw a schematic.
e Use a multimeter to measure current, voltage & resistance.
e Convert metrics prefixes and work with powers of ten.

Recommended Test Equipment

The ETW-3100 Experimenter/Trainer (p. 4) is required for
completing experiments in the DC Course, as well as other
courses in the series. A SM-5225 FET (p. 19) Multimeter or
equivalent is also needed.

COURSE OUTLINE
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UNIT I1: VOLTAGE
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Comprehensive AC Electronics Course

Enhance

your students’
understanding

of electronics
with this thorough
course

This course takes over where DC Electronics leaves off. It
enables you to teach your students the principles of Alternating
Current, and its special application in electronic circuits and
equipment.

Like our other courses in the Heathkit/Zenith Fundamental
Electronic series, the AC Electronics Course features textbooks,
workbook and instructor’'s guide. The text uses the proven
programmed-instruction format to present and reinforce course
concepts. These concepts come to life for your students in the
hands-on experiments listed in the student workbook. The
instructor’s guide lets you coordinate your lab sessions with the
course material covered in each unit of the text. In addition, a parts
package is available for-the experiments.

Upon completing this course, your students will be able to:
® Explain the difference between AC and DC.
e Describe the operation of a simple AC generator.

e Determine the average or effective value of an AC sine
wave when its peak or peak-to-peak value is known.

e Determine the frequency of an AC waveform when its
period is known or vice-versa.

@ Use AC meters to measure current, voltage, and power.
e Analyze simple AC circuits which contain only resistance.

e Describe the electrical property of capacitance & induc-
tance and explain how capacitors & inductors are
constructed.

e Analyze AC circuits which contain only inductance ora
combination of inductance and resistance.

e Analyze AC circuits which contain capacitance or a com-
bination of capacitance and resistance.

® Explain the basic transformer action.

e Determine the current, voltage and power relationships at
the inputs and outputs of ideal and practical transformer
circuits.

e Analyze electronic circuits with resistance, capacitance
and inductance.

e Explain series and parallel resonant circuit operation.

An individual, self-instruction version of the complete Heath-
kit/ Zenith AC Electronics Course is available for self-study
training situations in government and industry. The self-
instruction version includes a binder with text material and
experiments, plus a parts package at no extra charge.

Required Course Trainer: ETW-3100, Shpg. wt. 6 Ibs.
For Spanish Version: ET-3100S, Shpg. wt. 6 Ibs.

Classroom Texts, Workbooks, Guides, and Accessories:
EB-6102, Student Text, Shpg. wt. 2 Ibs.

EB-6102-40, Student Workbook, Shpg. wt. 2 Ibs.
EB-6102-50, Instructor’'s Guide, Shpg. wt. 1 |b.

EB-6102-30, Parts Package, Shpg. wt. 1 |b.
Self-Instruction Format:

EE-3102, 1 Binder Text, Shpg. wt. 7 Ibs.

EEA-3102, Cassette Tapes, Shpg. wt. 11b.

EE-3102-S, Spanish Version, Shpg. wt. 7 Ibs.

Recommended Test Equipment

To complete the experiments listed in the student work-
book of the AC Electronics Course above, your labs will
require the Heathkit/ Zenith ETW-3100 Experimenter/
Trainer that's described on page 4. In addition, your stu-
dents will need a quality VOM or multimeter such as our
SM-5225 Multimeter detailed on page 19.

The Sawtooth Wave
Fluctuating DC Waves

UNIT II

AC MEASUREMENTS

AC Meters:

Rectifier-Type,
Moving-Coil Meters
Moving-Vane Meters

Electrical Characteristics

Thermocouple Meters

Clamp-On Meters

Using AC Meters

Review of Inductors and
Inductance:

' Self-Induction

Inductors and Inductance
Units of Inductance

Factors Affecting Inductance
Types of Inductors

' Inductors in DC Circuits

Inductive Time Constant
Inductors in AC Circuits:

| Current-Voltage Relationship

Inductive Reactance
Ohm’s Law in Inductive
Circuits

Transformer Ratios:
Voltage Ratio
Current Ratio
Impedance Ratio
Power Ratio
Solving Transformer
Problems

Transformer Losses:

Core Losses

Copper Losses

External Induction Losses
Transformer Efficiency
Transformer Applications:
Power Distribution

COURSE OUTLINE
UNIT I: ALTERNATING Oscilloscopes: Mutual Induction Electronic Applications
CURRENT Oscilloscope Operation Inductors in Series and Autotransformer
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Peak Values RL Gtrcunts BT
Peak-to-Peak Values Exgoriment; Parallel RLC Circuits
Average Values MEdeliinglab voltages Resonance
Effective Values UNIT V: Series Resonance
Perlod TRANSFORMERS 0 and Bandwidth in Series
BEEercy Transformer Action: Parallel Resonance:
Nonsinusoidal Wavafurms . Transformer with No Load Ideal Circuit
The Square Wave UNIT IV: Transformer with Load Flywheel Effect
The Triangular Wave INDUCTIVE CIRCUITS Practical Tank Circuits

Qin Parallel Resonant
Circuits

Distributed Capacitance and
Self-Resonance of Coils

LC Filters:
Band-Pass Filter
Band-Stop Filter
Low-Pass Filter
High-Pass Filter
Experiments:
Series Resonance
Parallel Resonance
LC Filters




FUNDAMENTAL

ELECTRONIC
SERIES

Semiconductor Devices Course

e Experiment with semiconductor components without
exceeding their maximum ratings or damaging them.
® Recognize commonly used semiconductor packages and

Teach your identify their schematic symbols.
students the latest ® Test various semiconductor devices to determine if they
semiconductor are functioning properly.
technology with the A s_tlalftglin?tructlfioTa; vtergipn O.ftth?. Semiconductor Course is
. . avallable for selr-stuay training siiuations.
I(-:Ice)ztrl':;lt/Zemth Prerequisite: The DC & AC Electronics Courses or equivalent
knowledge.

This course continues to build your students’ electronics Required Course Trainer: ETW-3100, Shpg. wt. 6 Ibs.

knowledge by covering the modern solid-state technology of For Spanish Version: ET-3100S, Shpg. wt. 6 Ibs.
semiconductors. !

Each concept is presented in a clearly written text, and Classroom Textbooks, Workbooks, Guides, and Accessories:
instantly reinforced with programmed review. The concepts are  EB-6103, Student Text, Shpg. wt. 2 Ibs.

further reinforced with 11 hands-on experiments contained in a EB-6103-40, Student Workbook, Shpg. wt. 2 Ibs.

separate student workbook. EB-6103-50, Instructor's Guide, Shpg. wt. 1 Ib.

A course instructor’s guide comes complete with text unit  gg.6103-30, Parts Package, Shpg. wt. 1 Ib.

objectives, unit review questions, unit exams, and a final exam. A

course outline is also included in the guide to help you appro- Self-instruction Format:

priately schedule the workbook expierments with the concepts EE-3103, 1 Binder Text, Shpg. wt. 6 Ibs.

presented in the text. EEA-3103, Cassette Tapes, Shpg. wt. 1 Ib.

Upon completing this course, your students will be able to: EE-3103-S, Spanish Version, (less parts), Shpg. wt. 6 Ibs.

® Describe the electrical characteristics of materials which
are classified as semiconductors.

® Explain the operation and characteristics of popular
semiconductor devices.

® Describe the construction of semiconductor devices.

Recommended Test Equipment

The ETW-3100 Experimenter/Trainer (p.4) is required to
perform the experiments for this course. Also needed for
the experiments, are a VOM or multimeter like our SM-225
FET Multimeter (p. 19).

COURSE OUTLINE
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Germanium and Silicon Semiconductor Diode Applications S Commaon-Emitter Transistor  V-I Characteristics
Atoms and Crystals: Characteristics High-Frequency Diodes: Characterstics Applications of hthUJT
Semiconductor Atoms Testing Semiconductor PIN Diodes. Programmable UJTs
Semiconductor Crystals Diodes IMPATT Diodes Experiments:
Conduction in Intrinsic \ HotCarrier Diodes SCR Characteristics

. Gunn-Effect Diodes UJT Characteristics

Material
Germanium and Silicon:

Low Temperature UNIT V:

P e BIPOLAR TRANSISTOR UNIT IX: INTEGRATED
Characteristics OPERATION CIHCUITS : !

Holes PNP and NPN Configurations The Importance of ICs

Current Flow Transistor Construction: Basic IC Construction;

Conduction in Doped Construction Techniques Monolithic ICs

Germanium and Silicon:
N-Type Semiconductors
P-Type Semiconductors

Packaging

Basic Transistor Action
Transistor Amplification
Transistor Circuit

Applications of ICs

Arrangements UNIT X:

UNIT 1l Testing Bipolar Transistors: OPTOELECTRONIC
SEMICONDUCTOR Test Procedures DEVICES
DIODES _E[xpgnmgnt: : “HE - Basic Principles of Light:

: esting Bipolar Transistors Characteristics
pHaiENunchon: UNIT VIII: Unit of Measurement
gg:dmeagil:j%as:g{rjgstics: THYRISTORS Light-Sensitive Devices
Silicon Diode: UNIT VI: Silicon-Controlled Light-Emitting Devices
Forward Characteristics BIPOLAR TRANSISTOR  Rectifiers: Experiments:
Reverse Characteristics CHARACTERISTICS Bas@uc Construction and Phototransistor
Dot it il B R
Jemperas Common-Base Circults Practical Applications




Electronic Circuits Course - theory to practice

" wéa.li z;..‘ o Students Iearn how Ic'l:eterctidyrth: prinf:it;)Ie, m:i)t-iutlatior: adnq det.t:ctionl.(:ircuits.
! . . e Construct transistor and integrated circuit amplifiers,
%:i electronic theo_r Ies oscillators, active filters and pulse-shaping circuits; power
\ mﬂc work together in supplies and power supply regulation circuits; a basic
\ st commonly-found Zmplltudltta m(:dulat(ljon and t_:llclemodula:lon sy:ster:l
iy g ' . e Use a voltmeter and an oscilloscope to analyze the

B elgctro_nlc circuits operation of various electronic circuits.

L e—— with this course The text, and a workbook with 15 practical experiments, drive

home important concepts. The ETW-3100 Trainer (below) is re-
quired for the experiments. An optional final exam is included in
the instructor’s guide for your convenience.

The DC Electronics, AC Electronics and Semiconductor Devices
Courses (or equivalent knowledge) are prerequisites.
Required Course Trainer: ETW-3100, Shpg. wt. 6 Ibs.
Classroom Texts, Workbooks, Guides and Accessories:
EB-6104, Student Text, Shpg. wt. 2 Ibs.

EB-6104-40, Student Workbook, Shpg. wt. 2 Ibs.
EB-6104-50, Instructor's Guide, Shpg. wt. 1 Ib.

EB-6104-30, Parts Pack, Shpg. wt. 1 |b.

Self-Instruction Format:

EE-3104, Binder and Records, Shpg. wt. 7 Ibs.

EEA-3104, Optional Cassettes (duplicate records), 1 Ib.

In this course, the student applies theoretical electronic knowl-
edge to understand electronic circuitry. A student textbook, with
seven carefully designed units, covers electronic circuits from
basic amplifiers through modulation and demodulation.

Upon completion, the student will be able to:

e Identify basic transistor amplifier circuits, describe their
operation and list the characteristics of each.

® Discuss DC, audio, video, IF and RF amplifiers, including
their applications in practical electronic systems.

e Explain differential amplifiers, comparators, summing
and difference amplifiers, and active filter circuits.

e Analyze and design simple inverting and non-inverting
amplifiers that use operational amplifiers.

@ Identify and explain the operation of power supply rec-
tifiers, filters and regulation circuits.

e Discuss the principles of oscillation; identify and describe
how commonly used LC,RC and crystal oscillators operate.

e Demonstrate a knowledge of pulse shapers, multivibrators,
the Schmitt trigger and ramp generators.

e Explain amplitude and frequency modulation, the

COURSE OUTLINE

Recommended Test Equipment

The Heathkit/Zenith ETW-3100 Experimenter/Trainer
(above) is required to complete the experiments. A VOM like
the SM-5225 (page 19) and an oscilloscope like the SO-4550
(page 18) are recommended.

Input/Output Resistance

Common-Base Circuits:
Circuit Operation

ain
Input/Output Resistance

Circuit Operation

Gain

Input/Output Resistance
Amplifier Biasing:
Base-Biased Circuits
Feedback Bias

Voltage Divider Biasing
Class of Operation
Amplifier Coupling:

RC Coupling

Impedance Coupling
Direct Coupling
Transformer Coupling
Experiments:

Thermal Stability
Common-Emitter Amplifier
Characteristics

UNIT |1
TYPICAL AMPLIFIERS

Direct Current Amplifiers

Common-Collector Circuits:

Frequency Response
Frequency Compensation
Typical Video Amplifiers

RF and IF Amplifiers:

Tuned Amplifers

Tgpical RF Amplifiers

IF Amplifiers

Experiments:

DC Amplifiers
Complimentary Power Amps

UNIT IV:

POWER SUPPLIES
Rectifier Circuits
Half-Wave Rectifier
Full-Wave Rectifier
Bridge Rectifier
Comparison of Rectifiers

Power Supply Filters:
The Capacitor as a Filter
Percent Ripple

RC Filters

LC Filters

Voltage Multipliers:
Doublers and Triplers

Voltage Regulation:

Load Regulation
The Zener Regulator

Series Voltage Regulation:

The Emitter Follower
Regulator
The Feedback Regulator
Short-Circuit Protection
Power Supply Circuits:
Qverload Protection
Shunt and IC Reguiators
Typical Circuits

Colpitts Oscillators

Clapp Oscillators

Crystal Oscillators:
Crystal Characteristics
Crystal Oscillators

RC Oscillators:

The Phase-Shift Oscillator
The Wien-Bridge Oscillator
Nonsinusoidal Oscillators:
The Blocking Oscillator
Sawtooth Oscillator
High-Frequency Oscillators
Experiments:

Practical Tank Circuit

LC and Crystal Oscillators
The Wien-Bridge Oscillator

UNIT VI
PULSE CIRCUITS

Nonsinusoidal Waveforms:
Frequency Domain Analysis
Waveform Spectrum
Waveshaping

Diode Clipping Circuits:
The Series Clipper

Shunt Clippers

Slicer Circuits

Transistor Clipper

UNIT I: euldiu A:\nplillifers: BxperiTlin&s;’ ﬁampggs :
oltage Amplifiers nregulated Power ultivibrators
BASIC AMPL[FIEBS Power Amplifiers Supplies Schmitt Trigger
Importance of Amplifiers Single-Ended Power Amps Voltage Regulation The 555 Timer
é?nqm(l’?" E&T:'t'?;"é?:'éﬂﬁ? Push-Pull Power Amplifiers: : : ?amp Geaerglors: S
R : Phase Splitters . orming the Ramp, Op-Amp

Circuit Operation Complementary Amplifier UNIT V: OSCILLATORS  |ntegrator, Sawtooth
Sull;rent Ga.‘" Quasi-Complementary Oscillator Fundamentals Generator
Pgwﬁeﬁa?r;n Amplifiers LC Oscillators: Experiments:

Video Amplifiers: Hartley Oscillators Waveshaping

Rectangular— Wave and
Ramp Generators




Electronic Test Equipment Course

Uses proven
teaching methods,
hands-on exercises
to cover instrument
applications and
operation

Specially formatted for instructor-led classroom learning,

this course provides an insight into the operation and practical

application of popular test instruments.

The course is divided into six units,which cover the theory and

application of analog and digital meters, oscilloscopes, frequency

generation, frequency measurements and special measuring

instruments. The first four Fundamental Electronics Courses and

the Digital Techniques course (page 15) are prerequisites.

Upon completion, the student will be able to:

e Make measurements with digital and analog meters.

e Explain the operation of both integrating and non-
integrating meters.

e Explain the operation of oscilloscopes.

® Use an oscilloscope in electronic testing and servicing.

® Describe the operation and use of the three most popular
types of passive frequency meters.

® Describe the operation of, and be able to use the four
most popular types of active frequency meters.

e Calculate value of an unknown inductor with a dip meter.

FUNDAMENTAL
ELECTRONIC

SERIES

e Explain the operation and use of electronic counters.

e Use appropriate bridge circuits to measure resistance,
capacitance, inductance and impedance.

e Use a transistor tester to determine beta and leakage
values of transistors, and transconductance and leakage
values of Field-Effect Transistors (FETS).

e Demonstrate an understanding of curve tracers, spectrum
analyzers and logic probes.

Fifteen interactive experiments give the student actual
hands-on experience, using many types of test equipment.

This course is also available in an effective self-instruction format,
for situations where self-study is required.

Required Course Trainer: ETW-3100, Shpg. wt. 6 Ibs.
Classroom Text, Workbook, Guide and Accessories:
EB-6105, Student Text, Shpg. wt. 4 Ibs.

EB-6105-40, Student Workbook, Shpg. wt. 2 Ibs.
EB-6105-50, Instructor's Guide, Shpg. wt. 1 |b.
EB-6105-30, Parts Kit, Shpg. wt. 1 Ib.

Self-Instruction Format:
EE-3105, Binder, Records and Parts, Shpg. wt. 18 Ibs.

Recommended Test Equipment

The ETW-3100 Experimenter/Trainer (page 4) is neces-
sary for performing course experiments. A digital meter,
analog meter, oscilloscope, frequency generator and
frequency counter are also required to complete the

CONDENSED COURSE OUTLINE

hands-on experiments. Heathkit/Zenith test equipment is
displayed on pages 18-20.

UNIT I:
ANALOG METERS

The Meter Movement:
d’Arsonval Movement
Taut-Band Movement
Electrodynamometer
Iron Vane
Thermocouple
Electrostatic

The Ammeter:
Increasing the Range of
the Ammeter

Scales

Clamp-0n Meters

The Voltmeter:
Extending the Range
Sensitivity (Ohms/Volt)
Loading Effect of Voltmeters
Accuracy

The Ohmmeter:

Basic Circuit

Creating Higher Ranges
Creating Lower Ranges
Shunt Ohmmeter
Volt-Ohm-Milliammeter
Electronic Meters

Experiment:
Meter Resistance

UNIT 11

DIGITAL METERS
Analog-to-Digital Conversion
Signal Processing

Displays

Specifications

Probes:

RF Probe

Current Probe
High-Voltage Probe

;.'Betayed Sweep

= Velta
i

Experiments:

Loading Effect, Capacitor
Checks, Linear Ramp
A/D Converter

Two Traces

- Expenmenl.
Oscilloscope Control
Operation

2 uscilluscnpe Measummenls

| _Measurement
Me urﬁmants

UNIT IV: FREQUENCY
MEASUREMENT
Basic Concepts:

Time and Frequency
Frequency Standards
Types of Instruments

Passive Frequency Meters:
Resonance

Vibrating Reed Meters
Wavemeters

Dip Meters:

Principles of Operation
Operating Procedures

Experiment:
Determining Inductance
with a Dip Meter ‘

Hetrodyne Frequency

Meters:

Principles of Operatmn

Transfer Oscillators:

Principles of Operation _

Operation Techniques

Electronic Counters,

General Principles:

Operational Overview

Signal Conditioner

Main Gate

Time Base

Gate Control

Decade Counter and Display

Counter Time Base Section

Counter Gate Control Section

Counter Signal Conditioner

Signal Conditioner Input
Considerations i

Main Gate, Counter and
Display Section

Experiments:

Main Gate and Decade

Counter Gircuit; Memory

Latch, Decoder and Display

Circuit

Counter Measurement

Modes:

Totalizin

Period Measurement

Period Average Measurement

Time Interval Measurement
Time Interval Averaging

Extending the Counter’s
Limits
Calibrating the Counter

UNIT V: FREQUENCY
GENERATION

Basic Signal Generator
Concepts:
Frequency Ranges
Modulation
Characteristics
Frequency Domain
Analysis

Waveforms

Audio Frequency
Generators:
Oscillator Circuits
Buffer/Output
Amplifier Circuits
Qutput Attenuators
Squaring Circuits
Audio Generator
Applications:
Amplifier Gain

Input. Output Impedance
Input Sensitivity
Frequency Response

Radio Frequency
Generators:

General Characteristics
Overall Operation

RF Generator Applications:

Impedance Matching
General Coupling
Techniques

AM Receiver Alignment
Testing Wideband Amps

Function Generators:
General Operation

Overall Operation

Experiments:

Signal Generator Calibration
Check, Performance Check
of Oscilloscope Vertical Input
Circuits, Performance Check
of Oscilloscope Sweep
Calibration

UNIT VI:
SPECIAL MEASURING
INSTRUMENTS
Bridge Circuits:
Resistance Bridges
Capacitance Bridges
Inductance Bridges
RLC Bridges
Transistor Tester:
Beta

Leakage

FET Tests

Diode Tests

Other Components

Curve Tracer:
Block Diagram
Presentation
Applications

Spectrum Analyzer:
Types
Requirements
Applications
Experiment:
Spectrum Analyzer
Logic Testers:
Principles

Logic Probe

Logic Pulser
Experiment:
Digital Logic Probe




Heathkit/Zenith Electronic Communications

Uses proven
training methods
to cover state-
of-the-art forms

of communication
The Electronic Communica-
tions Course introduces

students to the fundamentals
of electronic communica-

tions. Instructor-guided, the course takes the student through
amplitude, frequency, phase and angle modulation; through a
study of transmitters and antennas; to an understanding of

state-of-the-art broadcasting

and data communications.

Seven experiments are included to provide valuable hands-on
experience with actual communications circuits. Unit tests allow
students to check their progress in understanding and retaining

previous text material.

Upon completion of the course, the student will be able to:

e Discuss and explain the characteristics, advantages and
disadvantages of amplitude, frequency and phase mod-

ulation systems.
® Analyze the composition

of complex waveforms.

e Describe how AM and FM transmitters and receivers

operate.

e Construct basic communications circuits.
e Explain differences between frequency and phase

modulation.

e Discuss both frequency and time division multiplexing as
methods of increasing communications channel capacity.

e State the characteristics and uses of transmission lines.

e Explain electromagnetic radiation and propagation, and
list the various types of propagation.

e Discuss the basic types of antennas —including dipoles,

verticals and directional arrays.

Required Course Trainer: ETW-3100, Shpg. wt. 6 Ibs.

Self-Instruction Format:

EE-3106, Text, Records and Parts, Shpg. wt. 7 Ibs.

Recommended Test Equipment

To perform the experiments in this course, the ETW-3100
Experimenter/Trainer is needed. A VOM and oscilloscope
are also required. See pages 18 and 19 in this catalog for
more details on the recommended SO-4550 Dual-Trace
Oscilloscope and SM-5225 FET Multimeter. All other parts
for the experiments are supplied with the course.

COURSE OUTLINE
UNIT I The Progressive Series UNIT V: Radio Propagation:
COMMUNICATION Modulator PULSE MODULATION gruum{M Waves
FUNDAMENTALS Suppressed Carrier AM: Introduction i
Introduction Standard AM Disadvantages: Unit Objectives The lonosphere
Unit Objectives Carrier Power Unit Activity Guide Sky Wave Propagation:
Unit Activity Guide Bandwidth Analog Pulse Modulation: Multiple-Hop Transmission
Propagation Problems S )
What is Communication? Bal MAdilare: ampling ] Fading
Information Transfer a?’lceFETD ulators: Pulse Amplitude Modulation  lonospheric Variations
Modulation D‘f""“ ; Pulse Time Modulation: VHF-UHF Propagation
Types of Modulation fapde Hing Pulse Duration/Pulse Extending VHF-UHF
Review of Complex Waves: ; osition vodulation ommunications:
Sine Wave DUppesset Camier AN Digital Pulse Modulation: ~ Tropospheric Scatter
Square Wave Pt Pulse Code Modulation Propagation S
Sawtooth Wave ?ﬁ;‘g‘ﬁ:ﬂgg?‘s‘,’é Other DPM Systems Satellite Communications:
Amplitude Modulation: Transmitter: Multiplexing:
The AM Waveform Sideband Filters Time Division Multiplex
Percent of Modulation Frequency Conversion Frequency Division Multiplex
Sidebands Sideband Selection Experiments:
Bandwidth Phasing Method of SSB Pulse Amplitude Modulation
Angle Modulation: Linear Amplifiers Time Division Multiplex
Errt'aque:\lncvdm‘ngulatmn SSB Power Ratings
ase vodutation Experiments:
g’igggm‘;“ Index A Tiansmitier Balnced UNIT VI:
Bandwidth Mg ANTENNAS
The Communications Introduction
System: Unit Objectives
Input/Output Devices Unit Activity Guide
Transmitter Transmission Lines:
Channel Balance Transmission Line
Noise Standing Waves
Receiver Standing Wave Ratio
Transmission Line Resonant
Circuits
UNIT I1: SWR Measurement
AMPLITUDE gg#ual Transmission Lines
parisons
MODULATION Antennas:
wrtlrtogltl}félcmes ' ﬁntenna Erigci{ales
TN L : ntenna Radiation
Unit Activity Guide Antenna Polarization
AM Circuits: The Dipole Antenna
The Diode Modulator The Vertical Antenna
The Absorption Modulator Antenna Arrays:
The Collector Modulator Parasitic Arrays
The Series Modulator Driven Arrays
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Expand students’ electronics knowledge

Give your students the competitive
edge by enhancing their electronics
knowledge with one or more of these
independent advanced courses

The Heathkit/Zenith Advanced Electronic Courses listed on
the following pages do more than just build upon your students’
basic knowledge of electronics — they provide that extra learning
experience students need to secure a career in electronics.
Individual courses include Operational Amplifiers, Active
Filters, IC Timers, Phase-Locked Loops, and Optoelectronics. All
of the courses were developed because there was a recognized
need for technicians and engineers to know how to design and
work with these specialized electronic devices.

Every course in our Advanced Series is comprehensive and
complete in its coverage, yet self-contained. The courses can be
taught individually, or in any collective combination to fit your
particular curriculum needs.

In addition, each course features textbooks, student work-
book, and instructor’s guide. The text presents the course
material in easy-to-understand terms, and uses a programmed-
instruction format to immediately reinforce course concepts.
Likewise, the hands-on experiments in the student workbook also
strengthen and reinforce the concepts for improved comprehen-
sion and retention.

The instructor’s guide has a unit-by-unit outline of the course,
allowing you to coordinate the workbook experiments with the
concepts covered in the text. It also contains unit review ques-
tions, unit exams, and a final examination.

Besides the text, workbook, and instructor’s guide, a parts
package is offered with each course. The package comes com-
plete with all the parts needed to perform the experiments in the
student workbook.

On the following two pages, you'll find valuable and detailed

ADVANCED

ELECTRONICS

descriptions about each course in our Advanced Electronics
Series. These descriptions will help you select which series or
courses are necessary to enhance your electronics curriculum.
Whichever course or courses you choose, you can be assured
that they will give your students the most comprehensive,
up-to-date information they need to become more proficient
technicians and engineers in their chosen electronics specialty.

Recommended Test Equipment

To complete the experiments for the courses in our Ad-
vanced Electronics Series, your labs should be equipped
with the required ETW-3300 Lab Breadboard described
underneath the course chart below. In addition to the ETW-
3300 Trainer, your labs should also have a quality dual-trace
oscilloscope such as our SM-4550 Oscilloscope on page
18, and multimeter like our low-cost SM-5225 Multimeter
on page 19.

Series Chart

ADVANCED ELECTRONICS

Versatile, Lab Circuit Breadboard
makes experimenting easier

pages 12 and 13.

cm x 30.48 cm x 30.48 cm).
ETW-3300, Assembled, Shpg. wt. 6 Ibs.

This multipurpose Lab Breadboard is specifically designed to
be used with the hands-on experiments listed in the student
workbooks of our Advanced Electronic Courses described on

Made from quality materials, the Lab Breadboard features
solderless breadboards for quick and easy circuit setups. Also,
the breadboards can accommodate any size dual inline inte-
grated circuit package. Convenient, built-in power supplies save
on set-up time and eliminate tangling wires. The power supplies
provide +5 VDC (£4%), +12 VDC or —12 VDC (+2%) power to
the breadboard, with fixed current limiting of each supply, at
rated current, for short circuit protection. Power Requirements,
120/240 VAC, 50/60 Hz. Measures 3.5" Hx 12" W x 12" D. (8.89
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Intensive, specialized courses in these five

Integrated circuits are rapidly replacing their

discrete component counterparts. New
knowledge, skills and techniques are

required to deal with these devices.
These courses, designed to
fit any state-of-the-art
electronic curriculum,
provide those skills.

We believe that students learn best by
doing. That's why our courses include
hands-on experiments that reinforce
important concepts. Students actually
observe, measure and experience the
dynamics of circuit operation. Experi-
ments allow the student to interact with
the circuit. By designing, building, and
then modifying the circuit, the student
becomes intimately familiar with its be-
havior, limitations and abilities.

Operational
Amplifiers
Course gives
students work-
ing knowledge
of these useful
devices

A universal and “idealized” amplifier, op-amps are the basic
building block for a wide range of circuits— including amplifiers,
oscillators, comparators and active filters. Op-amps make the
design of complex circuits easier than ever before, once you
understand how to use them. This popular course makes it easy
for the student to gain an in-depth understanding of op-amps.
An effective text with hands-on experiments teaches the
student how to measure and compute op-amp parameters, how
to design basic op-amp circuits, how to design integrator and
differential circuits. and how to design and predict the perfor-
mance of op-amp constant current sources, current-voltage and
voltage-current converters — and much more. Even the popular
Norton and BIFET op-amps are covered in-depth.

Experiments require ETW-3300 Breadboard. An oscilloscope
like the SO-4205 (p. 18), a multimeter and a frequency generator
are also useful in the experiments. The student should first
complete the Basic Electronics Series (EB-6101 through 6104,
pages 4-8) — or have equivalent knowledge.

A self-instruction format of this course is available for
industrial training, government and individual learning situations
where a self-study application is required. Components for
experiments are included with this version.

Required Course Trainer: ETW-3300, Shpg. wt. 6 Ibs.
Classroom Text, Guides, Accessories:

EB-601, Student Text (includes experiments), Shpg. wt. 2 Ibs.
EB-601-50, Instructor’'s Guide, Shpg. wt. 1 Ib.

EB-601-30, Parts Pack, Shpg. wt. 1 Ib.

Self-Instruction Format:

EE-101, Operational Amplifiers, Shpg. wt. 5 Ibs.
12

B Active Filters

Course provides
in-depth under-
standing of
‘ e smaller, high-
e ‘ performance
s components

Filters are an integral part of many electronic devices. But the
days of the bulky, expensive LC filters are gone forever. Active
filters allow unusually sharp and responsive filter networks using
small, inexpensive, readily available parts. A complete under-
standing of this very critical element in circuit design is provided
by this course.

The course uses a specially-written text and hands-on
experiments to help you teach students how to design active
filters with op-amps., plot and predict frequency responses, design
and breadboard first-order low-pass and high-pass filters. Later
units cover second-order and high-order filters, as well as
bandpass and state-variable filters. The student should first
complete EB-601 Op-Amps, or have equivalent knowledge.

Separate Parts Kits contain all electronic components
necessary to complete the experiments. The Heathkit/Zenith
ETW-3300 Breadboard is needed to complete the experiments,
as well as an oscilloscope like the SO-4205 (p. 18), a multimeter
and frequency generator.

A self-instruction format of this course is also available for
industrial training. government and individual learning situations
where a self-study application is required. Components for
experiments are included in this version.

Required Course Trainer: ETW-3300, Shpg. wt. 6 Ibs.
Classroom Text, Guide and Accessories:

EB-602, Student Text (includes experiments), Shpg. wt. 2 Ibs.
EB-602-50, Instructor's Guide. Shpg. wt. 1 |b.

EB-602-30, Parts Pack, Shpg. wt. 1 Ib.

Self-Instruction Format:

EE-102, Active Filters, Shpg. wt. 5 Ibs.



important areas of modern electronics

« X% ICTimers Course
. <. gives students

-7, " knowledge about
e @1 - this important
control device

IC Timers provide controlling signals for many modern elec-
tronic circuits. Our IC Timers Course introduces the student to IC
timers, how they work, what they do and where they're used. The
course, which explains timing devices and their usefulness in all
types of everyday devices, is especially valuable to students in
technical or engineering curricula.

A comprehensive 348-page text covers the 555 and 556
general-purpose timers, 322 and 3905 wide-range precision,
monostable timers and programmable timer/counters (including
2240 binary, 2250 BCD and 8260 seconds/minutes/hours BCD
programmable timer/counters).

Interactive experiments demonstrate the many uses of IC timers
—in logic functions, output drive circuits, time-delay relay circuits,
wide-range pulse generators, voltage/frequency converters,
oscillators, precise clock sources and more.

The Parts Pack (below) contains all components necessary for
experiments. Also required are the ETW-3300 Breadboard, an
oscilloscope like the SO-4205 (page 18) and a multimeter.

A self-instruction format is also available for industrial
training, government and individual learning situations where a
self-study application is required. All components necessary for
experiments are included in this format.

Required Course Trainer: ETW-3300, Shpg. wt. 6 |bs.

Classroom Text, Guide, Accessories:

EB-603, Student Text (includes experiments). Shpg. wt. 2 Ibs.
EB-603-50, Instructor's Guide, Shpg. wt. 1 Ib.

EB-603-30, Parts Pack, Shpg. wt. 1 Ib.

Self-Instruction Format:
EE-103, IC Timers, Shpg. wt. 5 Ibs.

Optoelectronics
Course covers
the latest in elec-
tronic displays
and fiber optics—
effectively

The latest developments in this rapidly-changing field are
explained in this fascinating course. The Heathkit/Zenith Op-
toelectronics Course teaches basic optical terms and concepts. It
covers the types of available light sources, and provides an
understanding of optoelectronic displays — including driving and
multiplexing.

This course provides in-depth coverage of light-sensitive
components such as photodiodes, photo-transistors, LCDs, solar
cells and optocouplers - including design and applications. Fiber
optics theory and operation are also covered.

Students perform a series of interactive experiments to gain
practical, hands-on experience with the many optoelectronic
circuits discussed in this course.

ADVANCED

ELECTRONICS

prose {2550 @ -'f‘-‘-f.-[(, Phase-Locked
D*D"S ~.. " Loopsgives
T« 7"  knowledge of
— this accurate
circuit

As technological growth requires more versatility and accu-
racy from electronic devices, phase-locked loops become more
popular. PLLs are widely used in television receivers, FM receiv-
ers, 40-channel CB and 2-meter FM transceivers.

This Phase-Locked Loops Course shows the student how
these state-of-the-art devices work. The student should have
completed the Basic Electronics Series (EB-6101 through 6104,
pgs. 4-8) and the Digital Techniques Course (EB-6201, p. 15), or
have equivalent knowledge, before starting this course.

A comprehensive 268-page student text illustrates the princi-
ples of PLLs and their building blocks - the phase detector, loop
filter and voltage-controlled oscillator. After each unit, the student
performs hands-on experiments to reinforce these concepts.
Components for the experiments are in the Parts Pack (below).

Experiments require the ETW-3300 Breadboard and a DC
voltmeter. We recommend, in addition, a dual-channel oscillo-
scope like the SO-4205 (page 18) and an audio signal generator
like the SG-5218 (page 20).

A self-instruction format is also available for industrial
training, government and individual learning situations where a
self-study application is required. This version includes the parts
necessary to perform the experiments.

Required Course Trainer: ETW-3300, Shpg. wt. 6 Ibs.

Classroom Text, Guide, Accessories:

EB-604, Student Text (includes experiments), Shpg. wt. 2 Ibs.
EB-604-50, Instructor’'s Guide, Shpg. wt. 1 |b.

EB-604-30, Parts Pack, Shpg. wt. 1 Ib.

Self-Instruction Format:
EE-104, Phase-Locked Loops, Shpg. wt. 5 Ibs.

All parts necessary for the experiments are included in the
Parts Pack listed below. Experiments require the ETW-3300
Breadboard; we also recommend a milliammeter and voltmeter—
or a VTVM, and an oscilloscope like the SO-4205 (page 18).
Prerequisites for the Heathkit/Zenith Optoelectronics Course
are the Heathkit/Zenith DC and AC Electronics Courses (EB-6101
and EB-6102, pages 5 and 6) or equivalent knowledge; some
experience in electronics or optics.

A self-instruction format of the Optoelectronics Course is
also available for industrial training, government and individual
learning situations where a self-study application is required. This
version includes all electronic components necessary to perform
the experiments.

Required Course Trainer: ETW-3300, Shpg. wt. 6 Ibs.
Classroom Text, Workbook, Guide, Accessories:
EB-605, Student Text, Shpg. wt. 2 Ibs.

EB-605-40, Student Workbook, Shpg. wt. 1 |b.
EB-605-50, Instructor’'s Guide, Shpg. wt. 1 Ib.
EB-605-30, Parts Pack, Shpg. wt. 1 |b.
Self-Instruction Format:

EE-105, Optoelectronics, Shpg. wt. 5 Ibs.



Digital Techniques — the course that

A must for students entering the growing field of electronics!

Here’s a comprehensive course your students will need to
secure their future in modern electronics. It covers the important
concepts they need to understand today's microprocessors and
tomorrow’s electronic devices.

This course is designed for the student with a basic elec-
tronics background. It begins with the fundamentals of Digital
Techniques and moves on to explain logic circuits, Boolean
Algebra, flip-flops, registers, combinational logic circuitry, and
digital design.

Like all Heathkit/Zenith Educational Courses, Digital
Techniques uses a step-by-step approach in presenting the
subject material. In addition, the course features an easy-to-read
textbook, student workbook with over 20 hands-on experiments
and an instructor’'s guide that includes course outline, unit
learning objectives, answers to unit quizzes, and a final exam.

COURSE OUTLINE

Upon completing the course, a student will be able to:

e State the advantages and benefits of using digital
techniques in electronic equipment.

@ Convert between the binary and decimal number systems
and recognize the most commonly used binary codes.

e Explain the operation of digital logic gates & flip-flops

e Identify the most common integrated circuit families used
in digital equipment, and discuss their operation, charac-
teristics, and features.

® Use Boolean Algebra to express logic operations and
minimize logic circuits in design.

® Describe the operation and application of binary and BCD
counters, shift registers and other sequential logic circuits.

UNIT 1: Data Representation MOSFET Circuits Fan Out: ) Experiments: CMOS Logic
INTRODUCTION TO Electromechanical Devices  Experiment: Bipolar Tran- Current Source Logic Gate, TTL Logic Gates
DIGITAL TECHNIQUES  Transistors sistor Switch cuten koG
Digital Techni Magnetic Cores Integrated Circuits
gital lechniques Manufacturing Methods: UNIT 5: BOOLEAN
Contrasiing Analog and Logic Levels Monolithic ALGEBRA
Digital Devices and Positive and Negative Logic Thin and Thick Film Relatina D
Technigues Parallel vs. Serial Data Technigues olatig Ngitall oote
: SR LS Circuits and Boolean
Where are Digital Representation Hybrid Circuits Equations
Tﬂﬂh“iquﬂs Used? Lugic Circuits Application
Gommunications P Truth Tables
Telemetry Systems :""‘“"""l“ S Boolean Rules
Industrial Controls . B ntegrated Lircuit Fackage: Minimizing Logic
Consumer Electronic UNIT 2: SEMICON 105 Exptessiof?s d
Etinriect DUCTOR DEVICES FOR Flat-Pack
Jet : DIGITAL CIRCUITS DiP Using NAND/NOR Gates
Why Use Digital Techniques? Experiments: Anplvin
Greater Accuracy A Programmed Review Temperature Ranges N ApND et NéRp \{ gTh
Greater Dynamic Range of Transistor Operations Transistor Logic Wirsd S A Connectai ;ns e
greater'Stat; ility gh%‘B:lpolar Transistor Circuit Operation
onvenienc witc :
Automation Modes of Operation: T Bamdniislcs ;
Design Simplicity Cut-off : Special TTL Variations: UNIT 6: FLIP-FLOPS
New Approaches - Low Power TTL AND REGISTERS
Linear High Power TTL
The Binary Number System:  Saturation Sc%oﬁk;’{ih Flip-Flops
Eg%ﬁg:;ﬁﬂ:{ggg System | saty r.al!inn Switching Three State TTL g;lvia; Flip-Flops and
Converting Between the Girenits Emitter Coupled Logic: gisiore
Binary and Decimal Switching Speed Circuit Operation JK Flip-Flops
Number System: Non-saturating Switching ECL Characteristics Experiments: JK Flip-Flops,
Binary to Decimal Circuits Metal Oxide Semiconductor-  Set-Reset-Flip-Flops,

Decimal to Binary Designing a Saturated UNIT 4: DIGITAL Integrated Circuits: D-Type Flip-Flops and
Binary Number Sizes Switch-Logic Inverter: : PMOS and NMOS Circuits Registers
Number Identification PTOGEUU[GQ INTEGRATED CIRCUITS Comp|ementary MOS
Binary Codes Example Application 1 Logic Circuit Characteristics ~ CMOS Characteristics
Binary Coded Decimal Example Application 2 Logic Level Selecting a Diital
Special Binary Codes: MOS Field Effect Transistors Propagation Delay Iamsag;t?liaeld.hc"ﬁ;gl{::r
Excess 3 Code The N-Channel MOSFET Power Dissipation Trergcis pp .
Grayl nge The P-Channel MOSFET The Speed-Pﬂwel‘ Trade Off Cmnp[ex Functions
gotlibade Bipolars vs. MOSFET Noise Immunity Trade-Offs
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opens the way to modern electronics

e Name the most frequently used combinational logic
circuits and explain their operation.

e Design both combinational and sequential logic circuits
for a given application from definition and concept to the
selection of the integrated circuits.

e Describe the operation and the application of digital
counter in time and frequency measurements.

e Explain how a digital computer is organized and how it
operates.

DIGITAL

TECHNIQUES

Classroom Texts, Workbooks, Guides, and Accessories:
EB-6201, Student Text, Shpg. wt. 3 Ibs.

EB-6201-40, Student Workbook, Shpg. wt. 2 Ibs.
EB-6201-50, Instructor's Guide, Shpg. wt. 1 Ib.
EB-6201-30, Parts Kit, Shpg. wt. 1 |b.
Self-Instruction Format:

EE-3201, 2 Binders with parts, Shpg. wt. 9 Ibs.
EEA-3201, Optional Cassettes, Shpg. wt. 1 |b.

e Describe microprocessors, explain their operation and
give examples of their applications.

Prerequisites: DC, AC, & Semiconductors Courses or equivalent

knowledge.

An individual self-instruction format of the Digital Techniques

Course is available for self-study situations.

Required Course Trainer: ETW-3200, Shpg. wt. 6 Ibs.

Recommended Test Equipment

To perform the workbook experiments, you'll need the
ETW-3200 Trainer below, plus an oscilloscope like our SO-
4550 on p. 18 and a multimeter like our SM-1210 on p. 19.

Required ETW-3200 Digital Techniques Trainer

Your students will gain more confidence
and get more out of your labs with this
simple-to-setup ETW-3200 Trainer.

It's especially made for experiments in
the student workbook. It features solder-
less breadboards for experimenting and
circuit design; four binary data switches;
two no-bounce switches, 3-frequency
pulse clock generator, and four LED dis-

access. 120/240 VAC.

plays for monitoring the experiments.

In addition, the Trainer has 3 built-in
power supplies with outputs of +12 VDC
@100 mA, —12 VDC @ 100 mA and +5
VDC @ 500 mA. Overload protected.

All breadboards, switches, displays, and
power outputs are located in front for easy

ETW-3200, Assembled, Shpg. wt. 6 Ibs.
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Heathkit/Zenith Microprocessor Course teaches

Microprocessors are being used more
and more in electronic equipment. Our
course gives students the thorough
training they need to work with these
complex devices

No electronics curriculum today can be called up-to-date or
complete without a microprocessor course. And the Heathkit/
Zenith Microprocessor Course is the most comprehensive,
fun-to-teach and cost effective course available to you.

The course is competency-based, and uses the unique Heath-
kit/ Zenith segmented, step-by-step learning approach. This
proven approach not only keeps the student motivated and
interested in the subject material, but it also enables you to
provide your students with the thorough training that industry
demands.

The course covers microprocessor theory and operation,
computer arithmetic, programming, and interfacing. Each concept

COURSE OUTLINE

is carefully integrated into the textbook, student workbook, and
the instructor’s guide.

The text is written with you and the student in mind. Micro-
processor concepts are presented in plain, easy-to-understand
language, and reinforced with simple-to-follow illustrations. Each
unit is structured so it can easily be broken into 50 minute study
sessions. The text also contains programmed-instructional
reviews and self-test review exams to improve the students’
comprehension of the subject.

The Student Workbook gives students a chance to try their
newly acquired knowledge in real-world situations. The workbook
is loaded with “hands-on” hardware and programming experi-
ments to reinforce the concepts presented in the text.

The instructor’s guide reduces your class preparation time.
Every part of the course is outlined and briefly described in the
guide. The guide includes course outline, unit by unit learning
objectives, answers to unit examinations, plus a comprehensive
final examination - everything you need to plan daily classroom
and lab sessions.

UNIT 1: NUMBER An Elementary Micro-

Decimal Adjust Accumulator

UNIT 4: INTRODUCTION - (DAA) Instructio

SYSTEMS AND CODES  computer: ; . TO PROGRAMMING e ]
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your students the latest technology

This course, along with your teaching expertise, will give your
students the knowledge and the experience they'll need to
succeed in modern electronics. By the time your students com-
plete our course, they'll be able to meet the following objectives:

® Convert between the various number systems and codes
used by microprocessors.

e Explain the instruction set, addressing modes and
architecture of a representative microprocessor.

® Program a representative microprocessor.

e Interface the microprocessor with its own family of
support circuit.

e Interface the microprocessor with external components
such as keyboards, displays, speakers, analog-to-digital
converters, TTL and MOS Circuits.

® Create microprocessor-based circuits of his or her own
design.

e Compare and contrast the various types of microproc-
essors available and decide which is more suitable for a
particular application.

A complete individual self-instruction version of the Micro-

processor Course is available for industrial or government

training purposes. This self-study version of the Microprocessor

Course is complete, and features a 2-binder text with the course

experiments. Also, this version includes a parts package for the

experiments at no extra cost.

MICROPROCESSOR

TECHNOLOGY

Prerequisite: Heathkit/Zenith Digital Techniques Course or
equivalent knowledge.

Required Course Trainer, ETW-3400, Shpg. wt. 6 Ibs.

Classroom Texts, Workbooks, Guides, and Accessories:
EB-6401, Student Text, Shpg. wt. 4 Ibs.

EB-6401-40, Student Workbook, Shpg. wt. 1 Ibs.
EB-6401-50, Instructor’s Guide, Shpg. wt. 1 Ib.

EB-6401-30, Parts Kit, Shpg. wt. 1 |b.

EB-6401-60, Cassettes, Shpg. wt. 1 |b.

EE-3401-1, Optional 35mm slides duplicate audio-visual flip
charts in EE-3401, Shpg. wt. 2 Ibs.

EE-3401-2, Optional 35mm filmstrip, Shpg. wt. 1 Ib.

Self Instruction Format:

EE-3401, 2 Binders plus parts, Shpg. wt. 12 Ibs.

EE-3401-1, Optional 35mm slides which duplicate audio-visual
flip charts in EE-3401, Shpg. wt. 2 Ibs.

EE-3401-2, Optional 35mm filmstrip, Shpg. wt. 1 Ib.

Recommended Test Instruments
To perform the experiments listed in this course, you'll
need the ETW-3400 Experimenter/Trainer (see description
below), and a high-quality multimeter, and oscilloscope. For
this course, we recommend our SM-1210 Multimeter (page
19) and our SO-4550 Oscilloscope (page 18).

Required Experimenter/Trainer for lab sessions

This ETW-3400 Trainer is actually a
digital computer with 256 bytes of
built-in RAM. The keyboard lets you
enter program data, examine MPU
registers, examine memory, single step
through a program, & enter breakpoints
for easy debugging.

Features a built-in 1K ROM monitor
program for controlling unit operation.

The 6 digit LED display shows key-
board entry in binary or hexadecimal
form. Has step forward/ backward for
examining sequential memory address.

Features +5, +12, and —12 VDC
power supplies. Dimensions: 32" Hx
1218" W x 1134" D. 120/240 VAC.

ETW-3400, Assembled, wt. 6 Ibs.
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Quality test equipment... superior learning tools

@ Two vertical input channels

® Bright easy-to-read trace

® Shielded against interference

® 19 calibrated time base steps

The S0-4550 is a dual-trace lab-grade
scope. It features a digitally controlled
time base with automatic triggering, an
extra-bright trace, and fast vertical rise
time (35 nS) and writing speed.

Two vertical input channels have sen-
sitivities adjustable from 10 mV/cm to 20
V/cm with a 1-2-5 sequenced attenuator.

Select from 19 digitally controlled cali-
brated time base steps ranging from 0.2
uS/ecm to 0.2 S/em in 1-2-5 sequence.

Recommended for use with these
Heathkit/Zenith courses: AC Electronics,
Circuits, Test Equipment, Communica-
tions, Advanced Electronics Series.

$0-4550, Assembled and calibrated,
Shpg. wt. 25 Ibs.

S0-4550 SPECIFICATIONS: Vertical: Deflec-
tion Factor: Sensitivity: 10 mV/cm to 20
V/cm. Varible: Continuous between steps to
60 V/cm (approx.). Accuracy: 3%. Vertical
Response: DC Coupling: DC to 10 MHz. AC
Coupling: 2 Hz to 10 MHz. Rise time: 35 nS.
Vertical Input: Impedance: 1 M) shunted by
38 pF. Horizontal: Time Base: Ramp: 0.2
S/cm to 0.2 xS/cm. Variable: Continuous
between ranges to 0.6 S/cm (approx.). Accu-
racy: 3%. Magnifier: X5 (adds 2% to sweep
accuracy). External: Sensitivity: 0.1 V/cm

Accurate, versatile lab-grade Dual-Trace Oscilloscope

(approx.). Impedance: 100 k) (approx.). Trig-
ger: Internal: Automatic and Normal: Ad-

justable over 10 divisions. Slope Selection: +

or —. External: Automatic & Normal: Adjust-
able over 0.8 V. Impedance: 1 M(} shunted by
40 pF. Power Requirement: 120/240 VAC,
50/60 Hz, 70 W. Dimensions: 6.9"Hx12.9" Wx

19.3" D (17.53x 32.77 x 49.02 cm).

X1/X10 Scope Probe Combination.

DC-15 MHz/DC-60 MHz bandwidths.
PKW-105, Assembled, Shpg. wt. ... 1 Ib.
SU-511-50 50() Termination ....... 11b.

® Full complement of modes, trigger
sources and couplings

® Monitor simple sine-wave signals
or complex electronic waveforms

® Delayed-sweep magnifies user-
selected part of normal waveform

The S0-4235 is one of the most ver-

satile scopes ever offered. Some of its

Professional Dual-Trace Delayed-Sweep Scope

outstanding features include a dual-
trace capability, algebraic add, single-
sweep function and a unique TV coup-
ling which triggers on alternate fields.

Extra-value features include fully regu-
lated power supplies, a front-panel 1 V
square wave output and a variable
hold-off control.

Display is bright enough to pick up fast,
narrow signals.

S0-4235, Assembled and calibrated,
Shpg. wt. 38 Ibs.

S§0-4235 SPECIFICATIONS: Vertical: Sen-
sitivity: 2 mV/cm-10 V/cm, 12 steps in 1-2-5
sequence. Variable: Continuous between
steps to 30 V/cm (approx.). Accuracy: Within
3% (20-30°C), 5% (10-50°C), referred to 1
V/cm. Vertical Response: DC Coupling:
DC- 35 MHz (-3 dB). AC Coupling: 1 Hz-

35 MHz. Rise Time: 10 nS. Overshoot: Less
than 3%. Delay Line: Allows display of at
least 20 nS of pre-triggered waveform. Verti-
cal Input: Impedance: 1 M2 shunted by 30
pF. Vertical Modes: Y1, Y2, Y1/Y2 chopped,
Y1/Y2 alternate, algebraic add (+Y1, £Y2).
Horizontal: Time Bases: Ranges: 0.2 S/cm
- to 50 nS/cm. Positions: 21 steps in 1-2-5
sequence. Variable: Continuous between
ranges to 0.6 S/cm (approx.). Accuracy:
Within 3% (20-30°C), 5% (10-40°C) referred
to 1 mS/cm. Trigger: Source: Y1, £Y2,
= Line, = EXT. Coupling: AC, AC Fast, DC,
TV (flip-flop). Modes: Automatic baseline,
normal, single-sweep. Hold-Off: Variable,
including an “A ends B” position. External
Trigger: Sensitivity: 100 mV at 50 MHz.
Phase Shift: Less than 8°at 100 kHz. Power
Requirement: 120/240 VAC, 85 W. Dimen-
sions: 7.75"H x 13.75"W x 19.75" D (19.7 x
34.9x50.2 cm).

Dual-trace capabilities at a single-trace price

® Convenient controls and features
® Excellent vertical input sensitivity
® Superior price/performance value

The S0-4205 Oscilloscope compares
two signals simultaneously and allows
you to check phase relationships.

A stable triggering circuit is used for
solid waveform displays. Trigger controls
include normal or automatic modes,
switch-controlled AC or DC coupling, and
front panel input of external triggering
signals.

Select from seven calibrated time
bases. A variable control provides precise
settings between steps.

The vertical input sensitivity is 10

18

mV/cm. Eleven calibrated attenuator
positions will accommodate a wide range
of input signals.

A fully regulated low-voltage power
supply provides accurate voltage and
current under varying line and load.
S$0-4205, Assembled and calibrated,
Shpg. wt. 20 Ibs.

S$0-4205 SPECIFICATIONS: Vertical:
Bandwidth: DC to 5 MHz, —3 dB. Sensitivity:
10 mV/cm. Attenuator: 1-2-5 sequence, cali-
brated and variable. Rise Time: 70 nS. Over-
shoot: 5% at 1 kHz. Impedance: 1 M shunted
by 38 pF. Horizontal: Bandwidth: DC to 1
MHz. Sensitivity: 0.1 V/cm. Impedance: 1
M, shunted by 50 pF. External Horizontal
Input: X1 and X10 attenuator and variable.

Sweep: Type: Triggered. Range: 200 mS to 0.2
uS in 7 steps, plus variable. Trigger Source:
Y1/¥2 External/Line. Trigger Modes: AC/
DC/TV/ +/—/Slope/ Auto/Normal. CRT:

5DEP31F, 8 x 10 cm viewing area, blue-green
medium persistence phosphor, 5-inch round
flat-face tube. Accelerating Potential: Approx-
imately 1.6 kV. Graticule: Screened. 8 x 10 cm.
Power Requirements: 120/240 VAC, 50/60
Hz, 50 watts. Dimensions: 8"H x 13"W x17"D
(20.32 x 33.02 x 48.18 cm).




..excellent price/performance values
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e Extra-wide frequency range
e 8 digits for high resolution

e Crystal-controlled time base;
long-term stability and accuracy

The SM-2420 Digital Frequency
Counter gives you UHF capability up to
512 MHz; low-frequency capacity down
to 5 Hz. More than just measuring fre-
quencies of input signals, it also mea-
sures cycle time in seconds and the ratio
between two input frequencies.

Big Value! Low-cost Digital Frequency Counter

Make more accurate measurements.
A standby power switch keeps the crys-
tal oven warm for maximum accuracy
without warmup. The proportionally con-
trolled oven keeps the internal time base
accurate over a wide temperature range.
The crystal-controlled time base keeps
drift to less than 1 ppm per year.

Four gate times and a large 8-digit LED
display provide resolution needed for
UHF signals.

Count weak signals with the excellent
4 to 15 mV typical sensitivity over the
entire range. The trigger level control
assures stable counting and more accu-
rate measurement of complicated
waveforms. Improved shielding from
radio frequency interference.

quency Ranges: 5 Hz to 50 MHz; 40 MHz to

SM-2420, Assembled, Wt. 9 Ibs.

SM-2420 SPECIFICATIONS: Inputs: Fre-

512 MHz. Sensitivity: 25 mV rms guaran-
teed, 4-15 mV rms typical. Impedance: 5 Hz
to 50 MHz range, 1 M shunted by <25 pF;
40 MHz to 512 MHz range, 50} nominal.
Period Measurement Mode: Input: 5 Hz to
50 MHz only. Range: 5 Hz to 10 MHz. Sen-
sitivity: 25 mV rms guaranteed, 4-15 mV rms
typical. Ratio B/A Measurement Mode:
Input. Frequency Limits: 5 Hz to 25 MHz,
and 40 MHz to 512 MHz. Effective Mea-
surement Range: From 1.6 to 1.024 x 108
guaranteed; Sensitivity: 25 mV rms guaran-
teed; 4-15 mV rms typical. Power Require-
ment: 120/240 VAC, 50/60 Hz, 40 walts
maximum. Dimensions: 4%4"Hx10"Wx12%2"
D (10.8 x25.4 x 31.8 cm).

e Accurate testing on a budget

e Full-function capability

e Overload protection on all ranges

e Universal banana jack inputs

For high-performance testing at a low
cost, consider this Digital Multimeter. Its

full-function capability includes AC vol-
tage measurements up to 700 volts. It has

Low-cost, high-performance Digital Multimeter

four overlapping AC and DC voltage and
current ranges, and five resistance
ranges. Built-in calibration standards
make initial and periodic adjustments
easy and quick.

Features include overload protection
on all ranges, 120 or 240 volt operation,
isolated floating ground, a heavy-duty
case to withstand rugged use, and uni-
versal banana jack inputs for easy test-
ing of electronic equipment.

SM-1210, Assembled and calibrated,
Shpg. wt. 5 Ibs.

SM-1210 SPECIFICATIONS: Voltmeter

Ranges: DC: 0-2, 20, 200, 1000 V. AC: 0-2, 20,
200, 700 V rms (50 Hz to 10 kHz). Current
Ranges: DC: 0-2, 20, 200, 2000 mA. AC: 0-2,
20, 200, 2000 mA rms (60 Hz to 10 kHz). AC &
DC Resistance Ranges; 0-200, 2 k, 20 k, 200
k. 2 M(). Overrange: 25% on all functions,
within maximum input limits. Low Range Re-
solution: Volts: 10 mV. Current: 10uA. Ohms:
1(. Accuracy (Full Scale, +1 Digit). DC Volts:
+1%. AC Volts: +1.5%. DC Current: £1.5%.
AC Current: +2%. Ohms: =1.5%. Input Im-
pedance: 1 M{ on all voltage ranges. Power
Requirement: 100-135 VAC, 200-270 VAC,
50/60 Hz, 8 watts. Dimensions: 3"Hx 8'"is"W
x 109" D (7.6 x 22.1 x 26.8 cm).

NOTE: Specifications based on 30-minute
warmup.

e Measures
AC/DC volts,
current and
resistance

e Features
anti-polarity
for extra
convenience

The SM-5225 accurately measures
AC and D voltages from 0.1 to 1000 volts,
DC and AC currents from 0.1to0 1000 mA,
and resistance from 1 ohm to 1 megohm.

Top-of-the-line bench model FET Multimeter

High and low voltage/ohms ranges
allow in-circuit or out-of-circuit checking
of semi-conductor junctions without
causing semiconductor conduction. Re-
commended for use with the following
Heathkit/Zenith Courses:

- DC Electronics

— AC Electronics

- Semiconductor Devices

— Electronic Circuits

- Electronic Test Equipment
— Electronic Communications
- Advanced Electronics

SM-5225, Assembled and calibrated,
Shpg. wt. 8 Ibs.

SM-5225 SPECIFICATIONS: DC Voltmeter:
Ranges (9): from 0.1 to 1000 V full-scale.
Input resistance: 10 M(). Accuracy: +2% of
full scale. AC Voltmeter: Ranges (9): from
0.1 to 1000 V full-scale. DC Milliameter:
Ranges (6): from 0.1 to 1000 mA full-scale.
Accuracy: 2% on 0.01to 100 ranges; =3%
on 1000 range. AC Milliameter: Ranges (6):
from 0.1 to 1000 mA full-scale. Accuracy:
+3% on 0.01 to 100 ranges; +4% on 1000
range. Ohmmeter: Ranges (7): (1X1 (10£}
center scale) to 2X1M. Accuracy: =3°of arc
on (2X1range (above 2(1); =2°of arc on (1X10
to {1X1M ranges. Decibels: Ranges (9): —40
to +62 (0 dB =1 mW into 600(2). Accuracy:
+3dB at —20 dB to +0.3 dB at +2 dB. Di-
mensions: 678" H x 5%"W x 11%"D.
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Quality equipment aids education process

Heathkit/Zenith SG-1271 Function Generator produces
sine and square waves for testing purposes

A valuable aid in the study of elec-
tronics: The Heathkit/Zenith SG-1271
Assembled Function Generator is a
high-quality test instrument that produces
highly accurate sine, square or triangle
waveforms over a frequency range of 1
Hertz to 1 Megahertz.

The frequency multiplier and front panel
tuning control set any frequency fast and
easy. The output amplifier supplies a 10
Volt (peak-to-peak) signal into a 50-ochm
load.

A calibrated step attenuator adjusts
from O to 50 dB (10 Volts peak-to-peak) in
10 dB steps. A continually variable at-
tenuator control provides up to 20 dB of
additional attenuation.

Most of the SG-1271's components

have been assembled on one circuit
board, making the unit easy to service. Its
compact size and lightweight design allow
the Function Generator to be easily
moved and allows it to be set anywhere.

For 120/240 VAC, 50/60 Hz power. Over-
all Dimensions of the SG-1271 are 3.00"H
X 7.25"W x 8.88"D (7.62 x 18.42 x 22.54
cm). Recommended for use with EE-101
and -102 courses (p. 12).

SG-1271, Factory tested and calibrated,
Shpg. wt. 7 Ibs.

SG-1271 SPECIFICATIONS: Frequency
Range: 1 Hz to 1 MHz. Functions: Triangle
Waveform: Nonlinearity, 5% maximum. Sym-
metry within 10% of 50% duty cycle. Square
Waveform: 100 nanosecond maximum rise or
fall time. Symmetry within 10% of 50% duty

TEST

INSTRUMENTS

cycle. Sine Waveform: Harmonic distortion,
3% maximum from 5 Hz to 100 kHz. At-
tenuator: 0 to 50 dB in 10 dB steps. 0 to 20 dB
minimum variable, =1 dB accuracy. Output: 10
Volts*peak-to-peak into 50 ohms. +1.5 dB
flatness from 0.1 Hz to 100 MHz. 50 ohms
impedance, =5%. Operating Temperature
Range: 32 degrees F to 104 degrees F (0
degrees C to 40 degrees C). Power Require-
ment: 120/240 VAC, 50/60 Hz, 12 Watts
maximum. Overall Dimensions: 3.00" H x
7.25"W x 8.88"D (7.62 x 18.42 x 22.54 cm), with
handle removed. Net Weight: 4.2 |bs.

® |deal signal source for measuring
gain/frequency response, har-
monic distortion

® A low-cost way to upgrade your
service bench

The SG-5218 Sine-Square Wave
Audio Generator provides sine wave
signals from 1 Hz to 100 kHz. Distortion is
less than 0.1% from 10 Hz to 20 kHz.
Eight switch-selected output ranges
from 3 mV to 10 V. are available when
operating into a high-impedance (10 k()
minimum) external load.

A front-panel meter monitors the sine
wave output. The meter is calibrated in
both volts and decibels.

Sine-Square Wave Generator is ideal for measuring
gain, frequency response in audio amplifiers

Square wave output is available from 5
Hz to 100 kHz with peak-to-peak output
levels of 0.1 and 10 V. into a minimum
load of 2 k(). Rise time is 50 nS. The
0-100 and 0-10 ranges are switch se-
lectable, as are the multipliers.

SG-5218, Factory tested and calibrated,
Shpg. wt. 10 Ibs.

SG-5218 SPECIFICATIONS: Sine Wave
Output: Frequency Range: 1 Hz to 100 kHz.
Output Voltage Ranges: 8 ranges, 0.003 to
10 V. rms (full-scale with 10 kQ or higher
external load. 6 ranges, 0.003 to 1 V (full-
scale) with 600Q} internal or external load. dB
Ranges: —-62to +22 dB. —12to +2 dBin
eight 10 dB switch positions. +2 dB maximum
into 6001 load. Output Variation: +1 dB from

10 Hz to 100 kHz. Output Impedance: 10 V.
range: 0-1000(); 3 V. range: 800-1000£; 1 V.
range and lower: 600(). Square Wave Out-
put: Frequency Ranges: 5 Hz to 100 kHz.
Output Voltage Ranges: 0-0.1 V., 0-1V,, and
0-10 V. zero-to-peak into 200041 or higher
load. Output Impedance: 52 Q on 0.1 and 1
V. ranges; up fo 22002 on 10 V. range. Rise
Time: Less than 50 nS. Frequency Error:
Within =5% of first and second digit. Power
Requirement: 105-125 VAC or 210-250 VAC,
50/60 Hz, 6 watts. Dimensions: 5%" H x
13%"W x 7" D (13 x 34 x 18 cm).

® Unique versatility at such a low cost
® Provides fixed and adjustable outputs
® Outputs are short-circuit protected

The Heathkit/Zenith SP-2718 combines
a fixed 5 VDC output with two continu-
ously adjustable 0 to 20 VDC outputs
for circuit designs requiring more than
one voltage supply. It's one of the most
versatile, lowest cost power supplies
available.

Interconnect the two variable outputs
and the fixed output in any combination to
provide both positive and negative volt-
20

Enhance design experiments with this accurate,
professional-quality Tri-Power Supply

ages with a fixed reference. They can also
be allowed to “float” at no reference level.

A clutch-coupled control allows the two
VDC supplies to “track" each other at any
specific voltage differences. This makes
the Tri-Power Supply ideal for working with
analog circuits requiring both a positive
and a negative voltage. The fixed 5 VDC
supply at 1.5 A is useful for digital circuit
design.

All three outputs are short-circuit proof,
with automatic current limiting. For inde-
pendent operation, each supply may be
floated at a level of up to 200 V from the
ground, or from each other. Independent
ground-referenced operation is also
available with any of the output terminals,
+ or —, or grounded in any combination.
The two variable supplies can be con-
nected in parallel for higher current

through the load. The SP-2718 may also
be used for a variety of tracking and float-
ing circuits.

SP-2718, Factory tested and calibrated,
Shpg. wt. 12 |bs.

SP-2718 SPECIFICATIONS: Outputs: 5-Volt
Supply: 5 VDC +5% at 1.5 amperes. ‘A'-
Supply: 0 to 20 VDC at 0.5 ampere. ‘B’-
Supply: 0 to 20 VDC at 0.5 ampere. Regula-
tion: Load: Less than 0.1% (20 mV) variation
from no-load to full-load on 20 VDC supply.
Less than 2% (100 mV) variation from no-load
to full-load on 5 VDC supply. Line: 20-Volt
Supplies: Less than 0.2% (40 mV) for a line
voltage change of 10 volts. 5-Volt Supply: Less
than 0.2% (10 mV) for a line voltage change of
10 volts. Ripple and Noise: Less than 5 MV
rms. Power Requirement: 100-130 VAC or
200-270 VAC, 50/60 Hz, 100 watts at full load.
Dimensions: 4%2"H x 10%"W x 9”D (11.4 x
27.3 x22.9 cm).




Teach computer programming

COMPUTER

SYSTEMS

with our effective “total concept”
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Heathkit/Zenith has it all. We've put together a unique “total
concept” in computer education. Not only do we offer computer
concept and programming courses: Heathkit/Zenith has the
professional software and hardware necessary to make each
course a totally effective learning experience!

Programming courses cover today’s widely-used languages
- Assembly, BASIC, Microsoft BASIC, FORTRAN and COBOL.
Each course has the features which make all Heathkit/Zenith
courses more effective: They're complete, clearly-written, have
frequent breakpoints to fit any class schedule, and feature
competency-based instruction with hands-on experiments.

Two courses are available for business classes: One helps
students get acquainted with computers (Personal Computing).
The other helps assess the benefits of a computer in a business
(Computer Concepts for Small Business).
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Powerful software packages can be used with our program-
ming courses—and to add versatility to our computers. Operating
systems include the Heath Disk Operating System (HDOS) with
BASIC, industry standard CP/M and the UCSD P-System with
Pascal. Microsoft BASIC, Microsoft FORTRAN and Microsoft
COBOL Programming Software is also available.

Business applications software can help students master word
processing (Zenith Electronic Typing) and business accounting
(general ledger, inventory). Teachers can speed grading with
Heathkit/Zenith software. Administrators can use our software in
a school's day-to-day operations.

Professional-quality Heathkit/Zenith computer hardware
gives students actual programming experience. Using the Z-89
and available peripherals, our hardware can pull double duty -
teach and make teaching and administration easier!

Heathkit/Zenith Computer Programming Curriculum

COMPUTER PROGRAMMING

Microsoft BASIC

Assembly BASIC
Language

Language Language

Pascal FORTRAN COBOL
Language Language Language

COMPUTER APPLICATIONS IN BUSINESS

Personal Computer Concepts Word
Computing for Small Business Processing

Business Applications Software:
General Ledger, Inventory
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Our courseware, hardware and software provide

Heathkit/Zenith Computer-Related
Courses offer a more practical
education, using state-of-the-art
computer products

Our courses teach
students how to
save time and
labor by using a
computer — not just
how to push a few
buttons.
Heathkit/Zenith
offers courses on
computer-related
decision-making
and the most widely-
used programming
languages. Our courses build a solid foundation of usable skills.
Heathkit/Zenith computer programming courses cover some
of the most popular programming languages — BASIC, Microsoft
BASIC, FORTRAN, COBOL and UCSD Pascal.

Your students can gain even more from these courses with
Heathkit/Zenith's professional-quality computer hardware,
peripherals and software programs.

Software includes the versatile HDOS, CP/M and UCSD
P-System with Pascal operating systems. BASIC, Microsoft
BASIC, Microsoft FORTRAN, Microsoft COBOL and UCSD
Pascal language software is also available from Heathkit/Zenith.
The Z-89 is the first microcomputer system to combine computer,
video terminal, floppy disk drive and interfacing—all in one unit. It
has TWO Z-80 microprocessors, 48K bytes of RAM (expandable
to 64K), professional video terminal, keyboard with 12-key
calculator-format numeric pad, 5.25" disk drive capable of storing
100K bytes of data, and a 3-port RS-232C Interface.

More data storage is available - 200K additional bytes with the
5.25" Z-87 Floppy Disk System. Or you can expand to over 2
megabytes with the dual-drive 8" Z-47 Floppy Disk System.
Two printers: You can pick the low-priced, high-performance
WH-14 for general-purpose applications —or, for word processing
uses, order the letter-quality WH-54/Diablo 630 RO.

Both an acoustic modem and a direct-connect modem are
available to permit communication over standard phone lines.

Select a Z-89 All-In-One Computer System to meet your needs

First, select the software
you'll need. Then, configure
the Z-89 to handle the
maximum requirements of
your software.

The Z-89 has 48K of RAM
and 3 ports of serial 1/0.
Expand to 64K RAM. Add
over 2 megabytes of on-
line storage, a printer
and/or one of our two
modems.

Memory

64K (CP/M), 56K
(HDOS) Expansion Set
H-88-16 (p. 22)

Mass Storage

Floppy Disk

Z-47 (two 8-inch dual-
density, double-sided
disk drives—p. 24)

Z-87 (two 5.25" single-

density, single-sided
disk drives—p. 23)

Peripherals

Printer (p. 24)

WH-14 (dot matrix),
WH-54 (letter-quality)
Modems (p. 24)
WH-23 (acoustic),
WH-33 (direct-connect)

Operating Systems
Heath Disk Operating
System (HDOS
2.0-5.250r8"
runs with Z-47 and

| Z-87 - p. 26)

Heath CP/M 2.2 (5.25
or 8”; runs with Z-47
and Z-87 - p. 26)
UCSD P-System with
Pascal (5.25"; runs
with Z-87 —p. 27)

Many programming languages available

Today’'s computer programmer needs to know more than one
language. While BASIC is the standard language of most micro-
computer users, Pascal is gaining new acceptance because of its
modular construction and clear readability.

Many scientists and mathematicians prefer to program in FOR-
TRAN language. And businesses around the world use COBOL
language, because of its adaptability to many different business-
oriented data processing applications.

Heathkit/Zenith offers courses in ALL of these programming
languages - BASIC, Microsoft BASIC, Pascal, FORTRAN and
COBOL - for group or individual learning situations.

Each course uses teaching methods with proven effective-
ness to provide complete coverage of the subject. Comprehen-
sive textbooks include frequent reviews to check progress.
Interactive programming experiments provide hands-on experi-
ence with the language. And to complete the learning process,
complete final examinations are provided with our courses.

Our courses are fully supported: Computer hardware and
software products are available, for use with the above courses.
This simplifies purchasing — all of your computer-related educa-
tional needs can be placed on ONE purchase order, instead of
several. Competitive prices and superior service support make
Heathkit/Zenith an even smarter buy.

Z-89 an All-In-One computer system

This desktop microcomputer system features separate
Z-80 microprocessors for computer and video terminal—so
computer never has to share power with terminal. Func-
tions as video terminal, with all features of Z-19 (p. 24). Full
ASCII keyboard with 33 graphics symbols and 12-key
calculator-format numeric pad.

48K RAM supplied; expand to 64K, using Expansion Set
below. Built-in 5.25" disk system holds up to 100K bytes
on-line. You can add up to 2.2 megabytes of storage with
the Z-47 8" Floppy Disk System. Built-in 3-port RS-232C
Interface allows communication with peripherals. Requires
HDOS, CP/M or similar operating software for normal
operation. For 120/240 VAC.

Z-89, Assembled Computer, Shpg. wt. 54 Ibs.

WH-88-16, Assembled 64K Expansion Set, Shpg. wt. 1 Ib.

Programming
Languages

Basic

Course—p. 29
Software — part of
HDOS

Microsoft BASIC
Programming Course,
Interpreter Software
and Compiler Soft-
ware—all on page 27
Microsoft FORTRAN
Course, Software —
p.28

Microsoft COBOL
Course, Software —
p.28

UCSD Pascal
Course-p. 27
Software — part of
UCSD P-System




a complete computer education package

We have business-oriented
programming courses

Computer-related courses from Heathkit/Zenith Educational
Systems teach computer concepts, programming and word
processing skills that can be used in the business world.

In each Heathkit/Zenith course, comprehensive textbooks
combine with practical expérience — gained through hands-on
programming experiments — for the most complete teaching
possible. Specially-written instructor’s guides, available with
some courses, give additional ideas on how to use the coursein a
group learning environment.

Students can practice what they learn on the same software
used on many personal, scientific and business computer sys-
tems. Heathkit/Zenith offers a full complement of programming
languages, utilities and applications programs.

Is the subject business computer programming? Make the
experience more realistic by using our COBOL Language Pro-
gramming System (p. 28). If the focus is on word processing, we
have improved Zenith Electronic Typing (see page 26).

Our software helps students master programming, word
processing and other applications. In Zenith Electronic Typing,
a special self-instruction course teaches the system in as little as
2 hours. And in all software packages, manuals are written in
easy-to-understand, everyday English.

Z-87 for additional disk storage

Designed for the Z-89, the assembled Z-87 Floppy Disk
System gives you all the storage capacity you need for
many programming applications. Mount operating system
and program disks at the same time, for fast operation.
Disk drives install vertically, so the Z-87 takes up less
space. Attractive design matches the Z-89.

The Z-89 is fully compatible with all other Heath and Zenith
floppy disk systems (except H/WH-27). This means that
you can use the Z-87 in the same system with a Z-89 and
Z-47. Which means you can have up to 2.3 megabytes of
on-line data storage.

Expand your Z-89's capabilities today — with the Z-87.
120/240 VAC. Dimensions, 8.625" H x 8.875" W x 15" D
(21.91 x 22.54 x 38.10 cm).

Z-87, Assembled, Shpg. wt. 28 Ibs.

COMPUTER

SYSTEMS

Useful in administrative applications

Because the Heathkit/Zenith computer education line is
designed for practical application, teachers and administrators
can use our courseware, hardware and software to make teach-
ing and running a school less time-consuming.

The Heathkit/Zenith way offers dual benefits to you:

The full line of Heathkit/Zenith computer-related courses, for
use in instructor-led group education, will help teach your stu-
dents about microprocessors, microcomputers, computer
hardware, software and programming.

And professional-quality Heathkit/Zenith computer hard-
ware and software — which teaches hardware, software and
programming fundamentals to your students—can also be usedin
administrative and teaching tasks. Schools use our products
every day - to maintain a general ledger, to track cash flow and
inventory, and for word processing applications. More helpful
software tools are currently under development.

Heathkit/Zenith builds its hardware and software line on the
powerful, versatile Z-89 All-In-One Computer. With 48K bytes of
RAM (expandable to 64K) and a 5.25" disk drive built-in, the Z-89
can handle many high-volume files.

A video terminal, 5.25" and 8" disk systems which can provide
over 2 megabytes of on-line storage, a dot matrix printer, a
letter-quality printer, and two modems are also available.

WH-14 prints permanent copies

This microprocessor-based line printer prints standard
96-character ASCII set (upper/lower case) via 5 x 7 dot
matrix print head. Uses readily available 0.5-inch wide
nylon inked ribbon on 2-inch spools.

Maximum throughput is 75 cps, with selectable 80, 96 or
132 character line length. 6 lines/inch spacing; 8 lines/inch
software selectable. 110-4800 baud rates. Adjustable width
sprocket feed handles edge-punched fan-fold paper from
2.5 to 9.5" wide.

Connects to Z-89 with RS-232C Interface. Handshaking
provided by busy control signal. Includes 25-pin male EIA
connector, matching paper catch. 120/240 VAC. Dimen-
sions, 4.80"” H x 18.33" W x 14.33" D.

Requires HDOS, CP/M or similar O/S to use with Z-89.
WH-14, Assembled, Shpg. wt. 27 Ibs.




Train with professional peripherals

COMPUTER

SYSTEMS

Z-19 Professional Video
Terminal with full
capabilities

® Z-80 microprocessor-based for effi-
cient data handling

® Typewriter-style keyboard, 12-key
calculator-format numeric pad

Design-compatible with the Z-89 and
most other RS-232C devices— and DEC
VT-52 software-compatible - the desktop
Z-19's Z-80 microprocessor makes it ideal
for high-speed data handling. Its type-
writer-format keyboard allows user to
begin entering data right away.
Thirty-two functions can be controlled
from keyboard or computer. A 12-key
numeric keypad, in calculator format,
makes entering math programs or numeric
data faster and easier. Keyboard-
selectable 110-9600 baud rates allow for
fast changes. Eight user-function keys give
extra flexibility.

The Z-19 displays the entire ASCII set,
upper and lower case. 33 graphics charac-
ters can be arranged for a variety of ef-
fects. Use reverse video to add emphasis.
Prints twenty-four 80-character lines (with
a special software-controlled 25th line).
Using direct or relative addressing, a
blocking, non-destructive underlining or
block cursor lets you edit anywhere on the
video screen. 120/240 VAC.

Z-19, Assembled, Shpg. wt. 43 Ibs.

Z-47 Disk System
provides over 2 mega-
bytes of on-line storage

® Two disk drives provide over 2 mil-
lion bytes of on-line data storage

® Stores over a million bytes on each
8" floppy disk

Over 2 megabytes of on-line storage-
Each 8" disk can hold over 1 million bytes
of data. Because the Z-47 has two drives,
this means you can have over 2,000,000
bytes of data on-line at any one time —
enough to handle most administrative
tasks (scheduling, inventory, et. al.).
Compatible with Heath 5.25" systems—
You can use up to three 5.25" drives
(example, the Z-89 and Z-87) with the two
8"drives in the Z-47 for maximum storage
—over 2.3 million bytes!

Less than half the access time - 191
milliseconds — compared to the 490 mil-
lisecond time of 5.25" disk systems avail-
able for use with the Z-89.

Enhanced software capabilities — With
the Z-47, you can run HDOS and CP/M.
These systems open the door to thou-
sands of useful programs. And you can
transfer data between 8" and 5.25" disks.
Includes 40-conductor flat cable for con-
nection to Z-89. Requires Z-89-47 Inter-
face to operate with Z-89.

Z-47-BA, Assembled, Shpg. wt. 66 Ibs.

Z-89-47, Interface for Z-89, 1 Ib.

Letter-quality Diablo
printer for word
processing use

e Diablo 620 RO is factory assembled
and tested

® Features famous letter-quality
daisy-wheel printing method

Avalue-packed breakthrough in letter-
quality printers, the reliable WH-54/Diablo
630 RO Daisy Wheel Printer is ideal for
word processing uses in secretarial science
and business occupations classes.

The 630 RO prints the standard 96-
character ASCII set, both upper and lower
case - at speeds up to a maximum of
35-40 characters per second.
Software-compatible with the Diablo
1640/1650 series, the WH-54 uses both
metal and plastic print wheels—so you can
take advantage of the added durability of
metal in high-production word processing,
as well as other functions.
Bi-directional printing provides maxi-
mum output. RS-232C Interface with 256-
byte buffer runs at 110-1200 baud, compat-
ible with most modems.

With friction platen, power supply, opera-
tor control panel, HCS-22 Print Wheel
(Elite 12 with un-slashed zero) and HCS-
51 Film Ribbon. For 120/240 VAC. Dimen-
sions, 9.25"H x 23.5" W x 15.75" D (23.50
x 59.69 x 40.01 cm).

WH-54, Assembled, Mtr. Frt. 65 Ibs.

Acoustic Modem for any phone

The Lexicon Lex-11 Modem lets your
computer talk with other computers over
standard phone lines. Also communi-
cates with any Bell 103 compatible
modem. Selectable originate/answer
modes. 300 bps. RS-232C interfacing.
For 120 VAC, 60 Hz.

WH-23, Assembled, Shpg. wt. 3 Ibs.

Accessories add utility to Z-89 Computer Systems

Step up to direct-connect quality
Full-duplex communication, originate/
answer modes. 300 bps. RS-232C inter-
facing. Powered by phone line. Has 2
modular phone jacks. Requires single-
line phone with modular connectors.
Includes phone-modem cable. For 120
VAC, 60 Hz.

WH-33, Assembled, Shpg. wt. 2 Ibs.

Organize your computer system
Computer system desk features 60" x
30" simulated wood-grain Formica desk
top. Two shelves for computer, periph-
erals (except Z-87, Z-47). Upper shelf
measures 8.5" H x 20" W x 19.75" D;
lower shelf, 7"H x 20" W x 19.75"D.

PD-11, Partially assembled, 95 Ibs., Mtr.
Frt. FOB El Segundo, CA.
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Our Programming Courses and Software
teach the professional way to program
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Professionally-designed
Heathkit/Zenith Computer
Programming Courses teach
today’s most widely-used computer
programming languages

With courses from Heathkit/Zenith Educational Sys-
tems, students can now learn the most popular microcom-
puter programming languages:

BASIC Programming (see page 29) covers the funda-
mentals of programming in this straightforward, general-
purpose programming language.

Microsoft BASIC Programming (page 27) shows your
students how to best program with this enhanced language
on the Z-89, TRS-80, Apple or any other computer which
uses Microsoft BASIC. This course includes many features
of our Microsoft BASIC Interpreter Programming Software.

Pascal Programming teaches modular programming in
this popular language- using readable yet powerful types
of data. Turn to page 27 for more details.

FORTRAN Language is suited to complicated math and
science uses. Turn to page 28 and find out more.

COBOL Programming teaches the best programming
techniques in this language— which is used by thousands of
businesses, large and small, because it's well-suited to
large accounting operations. See page 28 for the full story.
Audio-tutorial course material, interactive program-
ming experiments and your expert teaching skills work
together to produce more effective learning— and higher
rates of retention.

Heathkit/Zenith’s unique course design also lends itself
to individual learning environments.

Much of Heathkit/Zenith's effectiveness is due to the
experiments in most courses, which give hands-on pro-
gramming experience. These experiments become even
more effective when professional Heathkit/Zenith software
is used (see right).

PROGRAMMING
COURSES AND
SOFTWARE
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Professional software
puts concepts of courses
into practical everyday applications

Heathkit/Zenith Programming Software Packages
work together with our Computer Programming
Courses to create a total teaching experience. Together,
they make one of the most effective computer education
lines available anywhere.

Each programming software package is a complete,
professional configuration—the same one thousands use to
solve their problems every day. The full line of Heathkit/
Zenith Programming Software Packages includes these
languages:

BASIC- a conversational, general-purpose language for
use with the Heathkit/Zenith BASIC Language Program-
ming Course on page 29. Part of the Heath Disk Operating
System (HDOS- see page 26).

Microsoft BASIC - fast becoming the new standard of
general microcomputer programming. Both an interpreter
and compiler are available for use with the Microsoft BASIC
Programming Course. See page 27.

UCSD P-System with Pascal- a general-purpose lan-
guage that is rapidly gaining popularity. Its modular con-
struction, clear readability and powerful data types make it
more flexible than similar languages. Use the P-System,
including UCSD Pascal, with our Pascal Programming
Course. See both on page 27.

FORTRAN- ideal for mathematical and scientific work. The
Microsoft FORTRAN Programming System can be paired
with the Heathkit/Zenith FORTRAN Programming Course.
Turn to page 28 for more information.

COBOL is one of the top business data processing lan-
guages. Microsoft's COBOL Programming System helps
students learn more from the Heathkit/Zenith COBOL
Programming Course. See page 28.

25



Operating Systems help teach programming

HDOS, Version 2.0-
especially designed
for the All-In-One

@ Available on both 5.25" and
8"disks

e Updates supplied free for
one year

‘-7
HDOS, Version 2.0, is a versa-
tile, useful operating system.
Programming can begin right

away—in BASIC, optional Micro-
soft BASIC and optional FORTRAN languages — with this easy-
to-learn system. HDOS includes these modules and more:

Extended Benton Harbor BASIC, Version 6 — an easy-to-use
conversational computer language with strings and files. It
includes additional convenience commands, math functions,
Boolean values for logical operations and more.

ASM Assembly Language, a 2-pass absolute 8080 assembler
which includes a cross-reference feature. Create source pro-
grams by generating efficient machine code.

EDIT Text Editor converts your computer and terminal into a
typewriter for generating and editing text. It prepares source code
for Assembly Language and can help prepare reports, write
letters and edit manuscripts;

DBUG Console Debugger, to debug machine language pro-
grams via an external terminal (user program required);

TEST, a utility program which assists in checking out and main-
taining your Heath floppy disk system.

HDOS’ device drivers for directory devices (such as floppy
disks) are disk-resident, instead of internal (Example: SY.DVD).
Fully dynamic non-contiguous allocation and de-allocation allows
more efficient use of disk space.

HDOS includes 713-page manual, diskette. Supports Z-89; Z-47,
Z-87. All versions identical (except for media).

Requires 32K bytes of RAM and 1 disk drive, although two disk
drives are highly recommended - and may be required to use
some other software products with HDOS.

HOS-817-1, on 5.25" diskette, Shpg. wt. 5 Ibs.

HOS-847-1, on 8" diskette, Shpg. wt. 5 Ibs.

Digital Research’s
CP/M-the industry
standard disk
operating system

® Choose from hundreds of
software programs

® Includes all features of
Standard CP/M

§7

Teach programming with the

industry standard disk oper-
ating system.CP/M is used by over 100,000 computer users and
many software vendors.
Standard Zero-Origin CP/M, Version 2.2, includes full source
code for hardware drivers to facilitate customization. IOBYTE
permits switching between hard copy and CRT terminals — or
between several printers — without rebooting.

Additional features, such as the implementation of BIOS as a
disk-resident relocatable file, make this one of the best available
implementations of CP/M.

CP/M includes three modules: BIOS, supplied in source code
and object code, contains all hardware-level I/0O code. BDOS is
the resident nucleus, with all file level and logical I/O code. CCPis
the transient monitor, facilitating command-level communications.
Utilities include a 2-pass absolute 8080 assembler, a text editor,
an 8080 debugger and others. You can also convert Intel HEX
files into memory images.

Other software available, from Heathkit/Zenith and others,
includes BASIC, FORTRAN, COBOL, Pascal, “C,;" ALGOL, PL/1,
FORTH and APL computer languages. There are also hundreds
of utility, applications, game and other software programs.
Includes 300-page manual, diskstte. Supports Z-89, all Heath
and Zenith Floppy Disk Systems (allows concurrent operation,
automatic density selection), printers, hard copy terminals.
CP/M requires 32K RAM and one disk drive (2 drives recom-
mended). Includes support and updates for one year.
HOS-817-2 (Requires Sublicense Grant-ask representative),
on 5.25" diskette, Shpg. wt. 5 Ibs.

HOS-847-2 (Requires Sublicense Grant-ask representative),
diskette, Shpg. wt. 5 Ibs.

Zenith Electronic Typing teaches
word processing, reduces paperwork

® Word processing is easy to learn-we include a
special two-hour self-instruction course

® Supports three-drive floppy disk systems

Here’s an excellent way to teach word processing in
secretarial science classes, or to train clerical employees to
upgrade skills. Anyone who can turn on a TV and type can
increase his/her output by 50 percent or more. A special
self-instruction course, with training disk, shows you how —
in as little as two hours.

Two Search Modes quickly locate areas which need
editing. Insert/delete any word, sentence or paragraph.
Automatically replace any word, name or phrase. Auto-
matic Realignment and Page Numbering saves hours of
retyping. Automatic Centering and Justification, on com-
mand, means no counting or guessing.

Once the document is letter-perfect, the touch of another
key automatically prints a clean copy on a printer (not
included) — at up to 450 words per minute.

Zenith Electronic Typing includes set-up and operating
manual, easy-to-use training disk and master disk.
Requires Z-89 with 48K RAM, one or more 5.25" disk drives
and printer. Any Heath-offered printer works; we recom-
mend the WH-54 Letter-Quality Printer (page 24).

H-8-40, on 5.25" disk, Shpg. wt. 6 Ibs.
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Teach practical computer programming

Microsoft BASIC Course

e Students learn to write
and modify powerful pro-
grams, using this popular
version of BASIC

® Ideal for individualized
learning situations

e Features hands-on pro-
gramming experiments
to give students actual
experience

Now your students can learn Microsoft BASIC, one of the
most powerful and popular computer languages.

The audio-tutorial learning technique guides the student
through specific directed functions for maximum learning
and retention. The 800-page text and 3 cassettes cover
MBASIC programming fundamentals in 12 units:

Unit 1 is an Introduction to Computers and Program-
ming. Immediate Mode is discussed in the second unit.
Program Structures are covered in Unit 3, while Unit 4 has
More about Decisions and Loops. Data Structures are
taught in Unit 5. Subprograms are covered in Unit 6, with
Unit 7 discussing Complex Structures.

The last 5 units cover disk operations and extensions. Unit
8 discusses Major Language Extensions and Unit 9
covers Sequential Disk Operation. Unit 10 teaches Ran-
dom Access Disk Operation. Error Trapping and Memory
Conservation are Unit 11’s topics, with Optimization and
Machine Interfacing being covered in Unit 12.

This course is ideal for individualized learning situations in
the classroom and learning lab, with special emphasis on
hands-on MBASIC programming experiments. Has all fea-
tures of MBASIC software below, except for TRON/TROFF
debugging feature. Upon completion, students will be able to
write MBASIC programs that instruct a computer to sort, plot
and organize data, and more. Access to a computer will help
provide full benefit.

This course includes a pre-written final examination.

EC-1110, Shpg. wt. 7 Ibs.

MBASIC Interpreter Software

Direct access to CPU ports/memory locations, more highly-
structured programming capabilities, double precision math. Edit
and file management, string processing, other extended
capabilities not found in most other BASICs. Requires Z-89 with
32K RAM and HDOS or CP/M (p. 286).

H-8-21 (Ver. 4.7), Manual and 5.25" diskeite, for HDOS. Requires
Sublicense Grant — ask representative. 3 |bs.

HMS-817-1 (Ver. 5.1), Manual and 5.25" diskette, for CP/M.
Requires Sublicense Grant — ask representative. 5 Ibs.
HMS-847-1 (Ver. 5.1), Manual and 8”diskette, for CP/M. Requires
Sublicense Grant - ask representative. 5 Ibs.

BASIC Compiler speeds programming
Pre-compiled (into machine code) programs run faster than
similar program run through an interpreter. MACRO-80 Assem-
bler, LINK-80 Editor, LIB-80 Library Manager. Requires Z-89 with
40K RAM, 2 disk drives, CP/M (p. 26).

HMS-817-4, Manual and 5.25" disk. Requires Sublicense Grant
— ask representative. Shpg. wt. 5 Ibs.

HMS-847-4, Manual and 8" disk. Requires Sublicense Grant -
ask representative. Shpg. wt. 5 Ibs.

PROGRAMMING
COURSES AND

SOFTWARE

Pascal Programming Course

T A 3 ° Anideal language for new
programmers and more
experienced computer
users.

e Cost-effective training de-
signed for use on computer
station, in learning lab

e Students perform
interactive programming
experiments

i 2 LS L5

Pascal is the new, structured and very adaptable lan-
guage that has quickly swept into popularity. This readable,
reliable and simple language implements the best ideas that
have been developed by computer programmers over the
last twenty years.

Pascal incorporates Top-Down Detail, where overall struc-
ture can be established before adding details; and Modular
Organization, which makes fixing programming errors easier
than with other languages. Any module can be fixed inde-
pendently of the rest of the program.

Heathkit/Zenith has placed the Pascal language into a
structured learning course for individualized learning with
instruction overview. A 500-page text and 5 cassettes guide
students through the learning process:

The introduction shows how to write simple Pascal
programs. It also covers constants, variables, expressions,
input and output. In Modular Programming, Unit 2, stu-
dents learn to identify and write correct self-contained
procedures. Unit 3 covers Making Decisions, while Unit 4
covers REPEAT... UNTIL, WHILE... DO and FOR loops.
Unit 5 discusses data types.

Unit 6 shows how to use Arrays and Character Strings,
and Unit 7 has More About Procedures. Students learn
about Records and Sets in Unit 8. Unit 9 explains Pointers,
and the final unit covers Disk Files.

Experiments give students hands-on programming experience.
A pre-written final examination comes with the course.
EC-1111, Shpg. wt. 7 Ibs.

Use UCSD P-System with above course

This programming software system is more versatile because
programs are compiled into universal P-code, which can be run
on any microcomputer with a resident interpreter.

Includes Operating System, an interactive system with disk file
handling capabilities, run-time support routines and block /O
service routines: Pascal Compiler, a fast one-pass compiler which
produces universal P-code; Interpreter, an efficient and compact
program which runs universal P-code.

Has two editors— a powerful screen-oriented editor that runs in
both programming and text editing modes and a character-
oriented editor with a wide variety of commands for context
editing with hard-copy terminals; Filer, a utility program to
manipulate and keep track of disk files; Conditional Macro
Assembler for your computer's microprocessor, which produces
code that can be linked with your Pascal program.

Also includes Linker, which allows link-editing of Pascal object
code and assembly code modules; and the System Library, a
collection of frequently used utility programs.

Requires Z-89 with 48K RAM, 2 disk drives. Supported by Softech
Microsystems. Updates supplied for a nominal charge.

HOS-817-3, Manual and 5.25" diskettes, Shpg. wt. 8 Ibs.
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Heathkit/Zenith has the courses and software for

FORTRAN
Programming Course
teaches how to use
this powerful language

® Here’s an effective way to teach
FORTRAN Language

® Features audio-tutorial teaching
with hands-on programming
experiments

FORTRAN Language can take on complicated scientific
tasks with ease. And this Heathkit/Zenith Programming Course
teaches FORTRAN programming fundamentals with similar
ease. The 500-page text and 6 cassettes concentrate on pro-
gramming — not on computers— for a more complete learning
experience.

The text includes a special Introduction to Computers.
Eleven units show all the fundamentals:

Getting Started, Unit 1, shows how to analyze a FORTRAN
program, intoduces statement types, statement elements and the
character set. Unit 2 covers Arithmetic Operations, and
Elementary 1/O is taught in Unit 3.

Unit 4 covers Library Functions, with Other Control State-
ments being taught in Unit 5. Unit 6 introduces Arrays, and
Programming Practices are covered in Unit 7.

Other Variables are covered in Unit 8, and Advanced I/O is
taught in the ninth unit. Unit 10 covers Subprograms, and the
Course concludes with Unit 11 discussing Special 1/O.
Students perform interactive experiments to gain FORTRAN
programming experience. All the necessary coding forms are
included. The text also offers practice in writing FORTRAN
programs and using the character set.

Upon completion, students will be able to write FORTRAN
programs that instruct a computer to perform specific tasks—such
as keeping track of student records, sorting, solving geometry
problems and many more.

A final examination package is provided with the Course.

A Z-89 Computer with two disk drives, HDOS or CP/M (p. 26) and
Microsoft FORTRAN (below) are highly recommended.

EC-1101, Shpg. wt. 7 Ibs.

Microsoft FORTRAN Programming
System Software for course above

With more power to help teach more highly-structured pro-
gramming procedures like those in the above course, Micro-
soft's FORTRAN Programming System features:

The unique Microsoft FORTRAN-80 Compiler, which uses the
powerful ANSI-66 FORTRAN IV Computer Language — so you
can draw from a large base of programs; the MACRO-80 Re-
locating Assembler, an enhanced language which assembles
programs into runnable machine code; the CREF Cross-
Reference Generator, for sorted cross-reference listings: the
LINK-80 Editor, which generates runnable load modules.

The Microsoft FORTRAN Library, filled with floating point math
routines— plus all FORTRAN 1/O and utility routines; the versatile
LIB-80 Library Manager (on CP/M versions only).

This programming system requires a Z-89 Computer with 48K
RAM, two floppy disk drives and HDOS or CP/M (see page 26).
H-8-20, Manual and 5.25" disk for HDOS systems, 4 |bs.
HMS-817-2, Manual and 5.25" disk for CP/M systems. Requires
Sublicence Grant - ask representative. Shpg. wt. 5 Ibs.
HMS-847-2, Manual and 8" disk for CP/M systems. Requires

Sublicense Grant - ask representative. Shpg. wt. 5 Ibs.
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COBOL Course introduces students
to this business language

Most commercial data processing systems use COBOL.
COBOL is useful in accounting applications and other functions
which involve manipulating large, highly structured files.
Designed for individualized learning, the Heathkit/Zenith
COBOL Course covers the basics of encoding, input characteris-
tics, program hierarchy, identification, environment, data and
procedure divisions, in both ANS-74 and ANS-68 COBOL.

The audio-tutorial format combines a clearly written self-
instruction textbook and nine cassettes for effective learning.
The student text covers program variations, structure and
syntax, arithmetic statements, comments and diagnostics,
advanced control statements, additional data concepts, magnetic
tape and disk storage and an applied COBOL program.

Six practice COBOL programs are at the end of the workbook.
Students can work on them at specified points in the course-or at
the end of the text. A master COBOL coding sheet is also included
to aid students in writing programs.

A final examination is packaged with the Course.

To get more from this course in classroom or learning lab
situations, we recommend a Z-89 with floppy disk storage, CP/M
(page 26) and Microsoft COBOL (below).

EC-1105, Shpg. wt. 7 Ibs.

Use this software with the course
above to effectively teach COBOL

Microsoft COBOL-80, Ver. 4.0, makes this powerful, versatile
language practical for microcomputer users. It far exceeds the
minimum specifications of ANSI-74 COBOL, and has so many
Level-ll features and optional modules that COBOL programs
written for large computer systems can be easily used.
MACRO-80 Assembler generates object code for the LINK-80
Linkage Editor. LINK-80 converis relocatable libraries or mod-
ules into runnable load modules for direct execution or disk
storage. COBOL Library contains most COBOL functions.
LIB-80 Library Manager allows building of libraries of relocata-
ble modules. Run-time software adds versatility.

Extended debugging facilities make debugging convenient.
Advanced screen handling facilities permit easy forms han-
dling on CRT terminals with cursor control (Z-19, p. 24).
Requires Z-89 with 48K RAM (64K recommended), 2 disk drives
(Z-47, p. 24, recommended for large files), and CP/M (p. 26).
HMS-817-3, Manual and 5.25" disk. Requires Sublicense Grant
— ask representative. Shpg. wt. 5 Ibs.

HMS-847-3, Manual and 8" disk. Requires Sublicense Grant —
ask representative. Shpg. wt. 5 Ibs.



ALL of today's popular computer languages

BASIC Course
teaches problem-
solving programming

wow
NOUR  HOW s mernaus

YOuR
wg "?E HOW TO PROGRAM
YOUR MICROCOMPUTER

WBASIC
. e Teach BASIC effectively with
\Eis ! this field-proven educational
Ji Heathkit/Zenith course
= ., HEHN

e Use with any BASIC-program-
mable computer

More programs are written in BASIC than in any other com-
puter language. Your students can learn how to program in popu-
lar BASIC, with this effective Heathkit/Zenith Course.

Fourteen programmed-instruction units teach students
BASIC- including numbers, statements, syntax, functions, loops,
lists, arrays and strings. The course also includes special
problem-solving tips students can use when writing programs.

Students learn to define and plan a program, format and write
their own programs, and how to adapt others' programs. Interac-
tive experiments, which can be performed on the Z-89 Computer
(or any other computer system using BASIC), give you experi-
ence in writing and running BASIC programs.

A self-instruction version is also available for situations where a
self-study course is required.

Classroom Text, Workbook, Guide:

EB-6100, Student Text, Shpg. wt. 4 Ibs.

EB-6100-40, Student Workbook, Shpg. wt. 2 |bs.

EB-6100-50, Instructor’s Guide, Shpg. wt. 1b.

Self-lnstruction Format:

EC-1100, Text/Workbook with Experiments/Reference Cards,
Shpg. wt. 7 Ibs.

Personal Computing

Course teaches

microcomputing

principles

e Explains computers in easy-
to-understand, non-technical

i language

= e Text/cassette format
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The Heathkit/Zenith Personal Computing Course shows your
students how to determine if a particular problem can be solved
by a computer. When they complete this course, they'll also be
able to cut through the technical fog and understand what a
computer can do— in everyday terms.

No extensive math, electronics or computer background is
needed. The text and two cassettes, effective in classroom and
individualized study situations, present each concept logically.
Five easy-to-understand units explain different parts of the
microcomputer system:

In Computers and Data, students find how to apply the
capabilities of a computer to specific problems. They'll see how
computers “understand” electronic data— and how written words
are converted into electronic data.

The Hardware unit shows students how to compare computers.
Systems and Interfacing teaches how to evaluate microcom-
puter systems. Students will discover how the computer com-
municates with other components, and how to distinguish be-
tween analog and digital data. Software shows how to choose
programs that help solve specific problems. In the last unit,
students actually write short programs using BASIC.

EC-1000, Text and Cassettes, Shpg. wt. 5 Ibs.

PROGRAMMING
COURSES AND

SOFTWARE

Assembly Language
Course teaches how
to write faster-running
programs

| @ Teaches how to store more in-
formation in less memory space

® Hands-on exercises for effective
learning and retention

With Assembly Language, no run time is wasted interpret-
ing. Programs are written in the language your computer under-
stands best. So programs run much faster. There’s less wasted
memory, because more data is stored in less space. And changes
can be made easily.

This Heathkit/Zenith Classroom Course teaches Assembly
Language programming at your pace, using a special 400-page
classroom text. A workbook provides interactive hands-on train-
ing— students actually write programs on a computer (required -
not included). The text also adapts to individual learning situations.

The course includes a placard with ASCIl code chart and all 244
Assembly Language instructions. It's designed for 8080, 8085
and Z-80 microcomputers — including the Z-89.

A self-instruction version is also available.

Classroom Text, Workbook, Guide:

EB-6108, Student Text, Shpg. wt. 4 Ibs.

EB-6108-40, Student Workbook, Shpg. wt. 2 |bs.
EB-6108-50, Instructor’s Guide, Shpg. wt. 1 1b.
Self-Instruction Format:

EC-1108, Text/Workbook/Instruction Placard, Shpg. wt. 7 Ibs.

Computer Concepts
for Small Business
Course aids in
decision-making
e Students learn how to assess
: business data processing
e requirements

e Uses text, cassettes
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When business owners consider making a computer in-
vestment that can run into thousands of dollars, they need to
know as much about computers as possible.

Now you can show your students how to make that decision.
Ideal in business and adult education curriculums, the Computer
Concepts for Small Business Course provides the information
and understanding students need to evaluate the usefulness of a
computer in business.

Proven education methods are used. A text and three audio
cassettes give students everything needed to intelligently decide
how a computer can benefit a business. The Computer and How
It Works covers types of memory, input/output devices,
capabilities of different types of storage media and applications
software. It explains the typical tasks a computer can perform.
The Data Processing Department and Personnel teaches how
to organize a DP department, and explains the roles of DP
personnel. Alternatives In Computer Services compares the
advantages of owning a computer versus time sharing or a
computer service bureau.

Use this Heathkit/Zenith Course in classroom or individualized
learning environments.

EC-1103, Text and Cassettes, Shpg. wt. 5 Ibs.
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Heathkit/Zenith exploratory courses

Six easy-to-teach courses that meet
your needs for subject overview,
specialty focus or entry level learning

Heathkit/Zenith understands the need for exploratory courses
in today's modern science and electronics curriculums. Special
courses which can round out the curriculum by providing an
overview of a subject area like electronics or a focus on specific
areas such as the design of PC boards. This section outlines six
new courses which can broaden and provide new dimensions to
your classroom.

The EE-3100 Concepts of Electricity Course gives the novice
an overview of the concepts of direct current, circuit theory,
electromechanical systems, alternating current, current genera-
tion, motors, and the measurement of electrical properties.

The EB-6134 Printed Circuits Course is an information-packed,
enjoyable hands-on learning experience. The student uses both
the direct pattern and photographic methods to make PC boards,
learning about circuit board materials, layout, preparing artwork,
image transfer and assembly.

In the EB-6140 Concepts of Electronics Course, the student
with no prior knowledge of electronics will learn the basics of
electronics, what electrons are and how they work, direct current
principles, alternating current principles, an overview of active
devices, electronic circuits, digital electronics, and digital comput-
ers. No prerequisite is required.

The EE-6800 Introduction to Microprocessors Course leads
the student totally inexperienced in programming into the exciting
world of microprocessors — an increasingly important part of
modern life. The course is an invaluable learning experience for
technical and non-technical students alike.

As part of science and electronics, we offer a course in the
weather. The EW-4100 Weather Course covers such timely
subjects as how to predict upcoming weather conditions, how
clouds form, how weather instruments operate and how to read
them, how to forecast weather by using instrument readings and
surface maps, and how to start your own weather station.

Soldering made easy - with the EE-3133 Soldering Course.
Designed for beginning students, to teach the proper techniques
for high-reliability soldering in electronic applications. Step-by-
step instruction begins with mechanical connection and progres-
ses through tinning, temperature control, different types of solder,
the advantages and disadvantages of various irons, guns and tips
- even includes a section on desoldering. A great prerequisite
course for anyone interested in electronics!

Heathkit/Zenith Introductory Courses are designed for class-
room instruction. Each course is packaged in a convenient
teaching module complete with exams and lab experiments.
Many of the courses incorporate separate parts packs to give
each student hands-on learning experience.
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Basic Electricity made easy for the
non-technical student

The Heathkit/Zenith Con-

cepts of Electricity Course
i e is designed to provide a

working knowledge of the

basics of electricity to the

student having no prior
CONCETTS F ey knowledge or experience in
ELECTRC! this areg of sci?ance. The
Course’s easy-to-follow
programmed instruction
textis reinforced by a beau-
tifully illustrated audio-
visual presentation. It is designed to build upon the stu-
dent’s knowledge, a step at a time, until a thorough under-
standing of the subject is achieved. The format incorpo-
rates removable unit exams, as well as a final exam, that
test the progress of the student while reinforcing learning.

In classroom applications where time is limited, the
instructor can make use of the Concepts of Electricity
Course to teach an overview of the subject matter in one
semester. The exploratory nature of the course presents the
interested student with the opportunity to examine the
subject with an eye toward selecting a career field.

The student begins by learning the fundamental concepts
of direct current. This background is then expanded into the
areas of circuit theory and associated electromechanical
systems. These concepts are used to explain alternating
current, current generation, and motors.

Using an audio-visual presentation reinforced by pro-
grammed instruction, this course charts a logical course
through the fundamentals of electricity. It leads the student
a step at a time through units that teach the understanding
of direct current; circuit theory, electromechanical sys-
tems, alternating current theory, generators and motors,
and finally, meters.

In the “Understanding Direct Current” unit, the student
learns such basic concepts as current, voltage and resis-
tance; Ohms Law, and the principles of batteries.

The “Circuit Theory” unit covers such fundamentals as
simple series and parallel circuits, as well as the series-
parallel circuit.

“Electromechanical Systems” are covered in another
unit, giving the student a thorough understanding of the
theory and operation of basic electromechanical systems.
The unit on “Alternating Current Theory” explains the
principles and characteristics of alternating current and the
application of Ohms Law to alternating current.
“Generators and Motors” are the subjects of a unit
exposing the student to magnetism, current, AC and DC
generators, AC to DC conversion, and AC motors.

A final unit on “Meters” teaches fundamentals and
characteristics of meters and meter systems, including
meter movement, ammeters, DC voltmeters, Ohmmeters,
AC voltmeters and VOMs.

The programmed instruction format of the Concepts of
Electricity Course also lends itself well to industrial training,
government and individual learning situations in which
time, distance and schedule considerations make a self-
study application necessary or desirable.

Self-Instruction Format:
EE-3100, Basic Electricity, Shpg. wt. 5 Ibs.




for science and technology

EXPLORATORY
COURSES

An overview of the exciting world of
electronics —designed for the novice

The Concepts of Elec-
tronics Course from
Heathkit/Zenith Educa-
tional Systems brings the
whole exciting world of elec-
tronics into focus for the be-
ginning student. No prior
knowledge or experience of
the subject is required. The
course is structured in alog-
ical progression from “Di-
rect Current” fundamentals
to "Digital Computers!" Each new unit builds upon the
foundation set up in the preceding unit. Numerous illustra-
tions are included to enhance the presentation. A “Student
Workbook," complete with experiments and examinations,
an“Instructor’s Guide," and a parts package to augmentthe
material in the text.

Unit 1,“Direct Current,” begins with a discussion of atomic
theory and the electron. The student is introduced to series
and parallel circuits. DC theory, including Ohm'’s Law and
Coulombs Law, is presented in detail. Resistance, conduc-
tance, and magnetism, as well as other basic electronic
concepts, are thoroughly covered.

The next unit, “Alternating Current,” covers alternating
current and basic RL, RC, and RLC circuits. Students are
introduced to the concepts of frequency, inductance,
reactance, capacitance, and resonance.

The third unit, “Active Devices;’ starts with a discussion of
semiconductor materials. Transistor theory and operation,
including common base, common emitter, and common
collector circuits are presented. Integrated circuits, op-
toelectronic devices, and transistors are reviewed in detail.
“Electronic Circuits” are the subject of the next unit. It
examines the application of electronic devices and compo-
nents in power supplies, audio and radio frequency
amplifiers and oscillators.

The unit on “Digital Electronics” gives the student a
broad overview of digital electronics by teaching the basic
digital logic functions, elementary Boolean Algebra, and the
application of these techniques in experiments.

A final unit on “Digital Computers” introduces the
beginning student to the exciting world of the digital com-
puter and its related hardware.

Ideally suited for classroom teaching, the Heathkit/Zenith
EB-6140 Concepts of Electronics Course is packaged in a
convenient teaching module, with student text and work-
book complete with exams and lab experiments, plus an
instructor’s guide. Separate parts kits are available for each
student.

A self-instruction format of the course also is available
for industrial training, government and individual learning
situations where a self-study application is required.

Classroom Texts, Guides, Accessories
EB-6140, Student Text, Shpg. wt. 3 Ibs.
EB-6140-30, Parts Kit, Shpg. wt. 1 |b.
EB-6140-40, Student Workbook, Shpg. wt. 1 |b.
EB-6140-50, Instructor’s Guide, Shpg. wt. 1 Ib.
Self-Instruction Format

EE-3140, Course Binders, Shpg. wt. 11 Ibs.

Microprocessing tailored for
beglnnmg students

“Introduction to Micro-
processors” is tailored to
the beginning student who
will learn how to program
microprocessors and gain a
working knowledge of the
technology without being
inundated with superfluous
information. The course is
divided into six easy-to-
follow, progressive units:
The first unit, Number Sys-
tems and Codes, provides a firm foundation in the basic
language of all microprocessors — binary numbers and
codes including decimal number and binary, octal and
hexadecimal systems. Unit 2, Microcomputer Basics,
teaches how microprocessors operate.

Computer Arithmetic, the third unit, completes the study
of the binary number system. This unit helps the student
understand the fundamentals of binary mathematics —
addition, subtraction, multiplication and division.

Unit 4, Introduction to Programming, helps the student
understand how the microprocessor handles complex
tasks by presenting programs that illustrate many important
programming concepts.

The final two units, devoted to the 6808 Microprocessor,
teach the student how to program this versatile member of
the 6800 microprocessor family.

Designed for easy classroom teaching, the Heathkit/
Zenith EC-6800 Introduction to Microprocessors Course is
packaged in a convenient instruction module complete with
exams, and lab experiments performed on the ET-6800
Trainer below.

Required Course Trainer: Kit ET-6800 or ETW-3400.
Self-Instruction Format:
EC-6800, Introduction to Microprocessors, 9 Ibs.

Microprocessor Trainer
for hands-on learning

e Miniature digital
computer

e Facilitates learn-
ing of operation,
programming

The ET-6800 Microprocessor Trainer functions as a minia-
ture computer with 1K ROM monitor program. Address and
data readout on six-digit hexadecimal keyboard gives

access to memory locations. Employs an 8-bit parallel

NMOS, bus-oriented CPU with 256 bytes of NMOS RAM.

Built-in +5 volt DC power supply. Rugged, attractive &

cardboard cabinet holds the price to an absolute minimum.
For 120 VAC, 60 Hz. Measures 3%" H x 8" W x 10" D.

Kit ET-6800, Shpg. wt. 17 Ibs.
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Introduce students to fascinating fields

The Heathkit/Zenith Printed Circuits Course teaches
your students to make PC boards

e Students learn to design custom
printed circuit boards

e Hands-on design experiments

Do you have students who are in-
terested in designing and etching custom
printed circuit boards for special electronic
projects, or modifying existing designs to
suit specific needs? Would you like to
expand your employees’ or students’elec-
tronics knowledge? The Heathkit/Zenith
EB-6134 Printed Circuits Course explains
all facets of making PC boards. It teaches
by example — students design and build
PC boards for two electronic projects.
Designed for the classroom learning
environment, the Heathkit/Zenith Printed Circuits Course teaches students how to
make their own printed circuit boards — using both the direct pattern method and the
photographic method. The projects, integrated in a student workbook, provide many
hands-on learning exercises in the design, layout and production of a PC board.
Printed Circuits is an ideal exploratory course- no previous training is needed. And
the self-teaching textbook presents new information a little bit at a time.

By taking our Printed Circuits Course, students will be able to:

® |dentify the properties of different types of PC board materials.

® Explain the processes used in manufacturing printed circuit boards.

® Design a circuit board layout, fulfilling all circuit requirements.

® Prepare direct pattern artwork, positive and riegative photographic artwork.
@ Explain the processes used in producing automated artwork.

@ Transfer circuit patterns from artwork to the circuit board.

® Assemble their own printed circuit boards, using the manual assembly method,
manual soldering and conformal coating.

@ Understand how printed circuit boards are assembled by automatic methods, using
automatic insertion machines and wave soldering.

In the projects for this course, the student designs and builds circuit boards for two
electronic devices - the Heathkit GD-600 Automatic Lamp Switch and the GD-1287
Touch Control Switch. All materials necessary to complete the projects are available
from Heathkit/Zenith. This course is not available outside the Continental U.S.
Classroom Text, Workbook, Guide and Accessories:

EB-6134, Student Text, Shpg. wt. 1 Ib.

EB-6134-40, Student Workbook, Shpg. wt. 1 Ib.

EB-6134-50, Instructor's Guide, Shpg. wt. 1 Ib.

EB-6134-30, Parts Pack, Shpg. wt. 2 Ibs.

Self-Instruction Format:

El-3134 , Manual and materials for projects. Specially designed for individualized
learning environments. Includes all necessary parts for completing two Heathkit
products — the GD-600 Automatic Lamp Switch and the GD-1287 Touch

Control Switch. Shpg. wt. 7 Ibs.

Soldering Course
teaches techniques

Teaches high-reliability sol-
dering. With instruction man-
ual, 2-transistor light oscil-
lator students build during
course. Requires a soldering
iron and small hand tools.

EI-3133, 2 Ibs.

EXPLORATORY
COURSES

e

Weather Course is ideal
for science classes

e Teaches how to predict coming
weather conditions

e Includes weather instruments

The EW-4100 Weather Course takes the
mystery out of weather. It explains na-
ture's invisible forces and how they affect
the weather in your area.

With this course, your students will un-
derstand weather — and learn how to
predict it! It covers most every weather
condition the student will encounter.

The course comes with a barometer, rain
gauge and 3 thermometers to help students
learn how to use weather instruments. Also
includes workbook with map reading/fore-
casting exercises, a book to log daily
weather conditions, and a textbook that is
effective in any training situation.

Students will be able to:

® Explain how the sun and earth's atmo-
sphere affect weather.

e |dentify different clouds by shape.

e Determine what type of weather is com-
ing by reading the clouds.

® Read weather instruments.

® |dentify air masses by temperature and
pressure characteristics.

e Describe how frontal systems develop,
and the weather they bring.

® Forecast weather by using instrument
readings and surface weather maps.

EW-4100, Manual and instruments, 10 Ibs.

StormAlarm by WeatherAlert
sounds weather warnings!
Receives severe weather alarms from local
NOAA Weather Radio Station. Also get
current forecasts. 120 VAC or 9 VDC bat-
tery. 1.25" H x 5" W x 3" D.

EWA-4100, Assembled, 2 Ibs.



Automotive Courses and Equipment

Award Winning Courses

Now you can take students with no prior knowledge of
automotive electronics, and thoroughly train them to
tune any ignition or fix any electrical system problem,
as well as prepare them for the NIASE Exams.

Here are two award-winning courses that are helping
instructors, like yourself, teach automotive ignition tuning
and electrical systems troubleshooting more efficiently and
successfully.

Both courses feature audio-visual presentations that
make learning the subject material more enjoyable for
student and instructor alike. The presentations use colorful
filmstrips and audio cassettes to clarify those electrical
concepts which trouble beginning students.

In addition, the texts for these courses feature a pro-
grammed-instruction format that expands and reinforces
the concepts presented in the filmstrips. What's more, the
textbooks are loaded with clear, detailed illustrations and
are written in plain, comprehensible English.

The student workbooks are specifically designed to
give your students the hands-on training they need to be
successful automotive technicians. The projects do more
than just demonstrate how components work or how test
instruments operate — they give your students real-life
automotive repair experience.

All the filmstrips, text material and workbook projects
are listed in the instructor’s guide for each course. The
guide not only helps you coordinate class and shop ses-
sions, it also contains answers to review questions, a
sample final exam, plus a practice certification exam to
prepare your students for the types of questions asked on
the NIASE exam.

Both our Automotive Electrical Systems Courses and
Automotive Ignition and Tune-up Course are described
in detail on the following pages.

AUTOMOTIVE

COURSES

Our WO-2700 Ignition Analyzer features the latest cir-
cuitry for rock-steady trace patterns.

The 12" CRT is scaled for easy reading and displays
primary and secondary ignition waveforms in super-
imposed, parade, or stacked array patterns. In addition, the
waveforms can be scaled at two different amplitudes for
closer look of ignition operations.

Front panel cylinder selection buttons allow the user to
short out banks of cylinders for carburetor balance, or for
precise inspection of one or more cylinders.

Besides the scope operation, the WO-2700 also has an
8" meter for measuring dwell, RPM, and voltage.

The WO0-2700 Analyzer tests four-cycle 4, 6, and 8
cylinder engines (or 2 rotor Wankel engines) equipped with
standard, transistorized, or capacitive-discharge ignitions.
Has adaptor for HEI systems. Measures: 1278"H x 254" W x
148" D.

WQ0-2700, Ignition Analyzer, Shpg. wt. 63 Ibs.

For convenience and savings — get the WOS-2700
Deluxe Ignition Analyzer System! This system includes
the WO-2700 Ignition Analyzer, plus the COA-2600-3 Cart,
the WOA-2700-4 Timing Light/Advance Meter, and a
COA-2700-2 Alternator Test Adaptor (not shown).
W0S-2700, Ignition Analyzer System, Shpg. wt. 92 lbs.

Portable cart for Quality Timing Light Professional-grade
WO-2700 with Advance Meter Engine Analyzer
® Features
easy-rolling
casters for

maneuverability
e Special tilted
top slants
analyzer for
easy reading

Here's a specially-made cart that
makes wheeling your WO-2700 Ig-
nition Analyzer around shop sta-
tions easy.

The wood top slants a full 15 deg. for
easy analyzer viewing. Features
steel tube frame construction and
oil-resistant casters for long life.
This useful cart measures: 36" H x
25"W x 20" D.

COA-2600-3, Shpg. wt. 25 Ibs.

Plugs into WO-2700 for simple op-
eration. Features super-bright flash
that is strong enough to be seen
even in broad daylight.

Also has built-in meter for measur-
ing distributor advance to 60 deg.
from 1500-4500 RPM. Constructed
with rugged molded housing. All
cables included.

Comes assembled and tested.
WOA-2700-4, Shpg. wt. 3 Ibs.

This budget-priced analog engine
analyzer features color-coded 6"
meter for easy reading.

Tests almost any type of ignition
system - pos./neg. grnd., any volt-
age-on 3,4,6 or8cyl.engines. Test
other auto electrical components,
too. Operates on 3 “C” batteries
(not supplied). Dimensions: 7.5"H x
10.5"W x 8.75" D. In kit form.

Kit CM-1050, Shpg. wt. 8 Ibs.



Comprehensive Auto Electrical Systems Course

Now you can teach any student
to troubleshoot and repair automotive
electrical systems with this course

Here's a comprehensive course that allows you to take
students with absolutely no background in electricity, and
transform them into skillful electrical system specialists.

This course features colorful filmstrips and audio cassettes

to present difficult electrical concepts. These concepts are further

reinforced in the programmed-instruction text, and in the student

workbook with hands-on projects. An instructor's guide coordi-

nates the text and workbook material with your lecture schedule.

The material is divided into four major headings: Electrical

Principles of Automobiles, the Starting System, the Charging

System, and Accessory and Body Electrical Circuits.

After completing this course, your students will be able to

perform the following:

® Demonstrate an understanding of the fundamentals of
electricity and be able to apply this knowledge in the
diagnosis of automotive electrical problems.

® Use electrical test instruments to measure voltage, cur-
rent, and resistance in automotive electrical systems.

e Identify the three basic starting systems and explain how
each one operates.

® Implement a logical troubleshooting plan to aid in the
diagnosis of an electrical malfunction.

® Use electrical test instruments and a troubleshooting plan
to locate starting system failures.

® Perform specific starting system checks, such as the
“starter drive test,” “headlight-cranking test,” and the

COURSE OUTLINE

“control circuit bypass test,” as an aid to localizing start-
ing system malfunction.

e |[dentify the three basic charging systems and explain the
operation of each.

@ Recognize the symptoms of charging system failure and
implement a troubleshooting plan to pinpoint the defect.

e Use electrical test instruments to make specific charging
system checks, such as “determining charging voltages”
and “no-load test” as an aid to localizing charging sys-
tem malfunctions.

e Explain the operation of the turn signals, the hazard
warning flashers, and other lighting systems and
diagnose problems in these circuits.

e [dentify the different automotive gauge and indicating
systems, and explain the operation of each.

e Troubleshoot automotive indicating systems.

® Use a logical troubleshooting plan to diagnose failures
in power accessory circuits.

e Use automotive wiring diagrams as an aid when trouble-
shooting malfunctions in automotive electrical systems.

An individual, self-instruction format of the Automotive
Electrical Systems is available for self-study situations.
Classroom Texts, Workbooks, Guides, and Accessories:
EB-10, Student Textbook, Shpg. wt. 3 Ibs.

EB-10-40, Student Workbook, Shpg. wt. 2 Ibs.

EB-10-50, Instructor’s Guide, Shpg. wt. 1 Ib.

EB-10-60, Cassette Tapes, Shpg. wt. 1 Ib.

EB-10-70, Filmstrips, Shpg. wt. 1 Ib.

EB-10-30, Parts Pack, Shpg. wt. 2 Ibs.

Self-Instruction Format:

EAC-1, 4 Binders, Shpg. wt. 23 Ibs.

EA-11, Electrical Principles with Binder, Shpg. wt. 5 Ibs.
EA-12, Starting Systems with Binder, Shpg. wt. 5 Ibs.

EA-13, Charging Systems with Binder, Shpg. wt. 5 Ibs.
EA-14, Accessories & Body Electrical Systems with Binder,
Shpg. wt. 5 Ibs.

Series Circuits
Parallel Circuits
Series-Parallel Circuits
Troubleshooting Opens
and Shorts
Fuses and Circuit Breakers
Troubleshooting Automotive
Circuits
Shop Project 2: Electrical
Circuit Checks

3 Starting
ranking Checks

UNIT I: ELECTRICAL UNIT V: UNIT VI: SERVICING
FUNDAMENTALS AND CHARGING SYSTEM THE CHARGING
BATTERIES FUNDAMENTALS SYSTEM
Current : Alternator Basics Symptoms and General
Voltage and Resistance AC-DC Current Testing
Ohm's Law Regulation Load Testing
Automotive Battery Transistorized Regulation Component Testing
Shop Project 1: Battery and Standard Charging Shop Project 6: Servicing

aintenance Systems the Charging System

Sh&p ProYiec! SéhGett_ing to
now Your Chargin

UNIT II: CIRCUIT S
TROUBLESHOOTING
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Ignition Systems & Tune-up Course

This Heathkit/Zenith Automotive
Course features color filmstrips to
present and emphasize major tune-up
concepts covered in the course. Along
with the filmstrips, audio cassettes
narrate and explain the concepts, mak-
ing it easier for the student to grasp
and remember the course material.

AUTOMOTIVE

IGNITION

Helps you teach students to tune up both standard
and electronic automotive ignition systems

Here’s a cost-effective course that ena-
bles you to take students with no prior
knowledge of automotive ignition sys-
tems, and turn them into proficient au-
tomotive ignition technicians—technicians
who can troubleshoot and tune any stan-
dard or electronic GM, Ford, Chrysler
ignition system.

This course is a comprehensive one.
The textbook, student workbook and shop
projects work together to give your stu-
dents the knowledge and actual experi-
ence they need to troubleshoot and
tune-up ignitions - and pass their NIASE
exam. The instructor's guide allows you to
coordinate the informative filmstrips and
audio cassettes with the material covered
in the textbook and workbook.

The course escorts your students
through an 8 unit journey into automotive
ignition systems. In Units 1 through 4, they
learn about ignition fundamentals, the
construction and operation of ignition
system components, plus tune-up and
power balancing standard systems.

Units 5 through 8 explain how GM,

Ford, and Chrysler electronic ignitions

work, and describe the exact procedures

for tuning them. Units 5 and 6 cover the
various types of GM electronic ignition
systems, while Units 7 and 8 spell out the
step-by-step procedures to tune Ford and

Chrysler electronic ignition systems.

When your students finish this course,

they will be able to:

e Describe the ignition components
and systems, their operation, and
how to use this knowledge to diag-
nose auto ignition problems.

e Perform a complete ignition tune-up
on automobiles equipped with either
standard or electronic systems.

® Troubleshoot ignition system
problems using test instruments.

e Analyze both primary and sec-
ondary ignition circuits using the
automotive oscilloscope.

® Perform scheduled maintenance of
carburetion, engine emission, and
ignition systems on General Motors,
Ford, or Chrysler engines.

e Describe the principles and opera-
tion of computer-controlled ignition
systems.

® Pass the NIASE Certification
Examination on Engine Tune-up

An individual, self-instructional format

of the complete Automotive Ignition

Tune-up Course is offered for self-study

training. Ask your representative for com-

plete details.

Classroom Text, Workbooks, Guides,
and Accessories:

EB-20, Student Textbook, Shpg. wt. 4 Ibs.
EB-20-40, Student Workbook, Wt. 2 Ibs.
EB-20-50, Instructor’s Guide, Wt. 1 |b.
EB-20-70, Filmstrips, Wt. 1 Ib.

EB-20-30, Parts Pack, Wt. 2 Ibs.
Self-Instruction Format:

EA-2000, 2 Binders & parts, Wt. 12 |bs.
EA-21, 1 Binder, Units 1-4 & parts, 7 Ibs.
EA-22, 1 Binder, Units 5-8 & parts, 7 Ibs.

Accessory Instruments

Needed for shop
projects. Includes
compression tester,
vacuum pressure
gauge, & vacuum
“T" fitting.
EAC-2-1,11b.

COURSE OUTLINE
UNIT I: IGNITION G.M. Electronic Ignition
FUNDAMENTALS i Systems
e igh Energy Ignition

The Need for Ignition Operation
The Spark Shop Project 4: HEI
Building an Ignition System Component Inspection
Timing the Spark ; and Testing

UNIT IV: TUNE-UP AND UNIT VilI: -
UNIT II: TROUBLESHOOTING yni7 vy: - FORD-CHRYSLER
IGNITION SYSTEM Distributor/Coil Service HEI TUNE-UP AND ~ ELECTRONIC
COMPONENTS Flug Reglacenit, TROUBLESHOOTING ~ IGNITION TUNE-UP
Spark Plugs 1goublesh00t|ng aNo-Stat ~  Emission Control AND TROUBLE-
'?Luegnﬁtrﬁts)utor Condition : Maint|enance SHOOTING

L ; Shop Project 3: Tune-U ervice Inspection : o
The Ignition Coil B : Engine Area Test fgﬁg?&:}l ‘é"c‘i,'g;“ﬂimms ‘
Standard Systems Scope Diagnosis Troubleshooting (No Run)
Dual Breaker Points. UNIT V: GENERAL Abnormal Scope Patterns Setbiehoohna
Shqp Project 1: Testing MOTORS ELECTRONIC lgnition Timing {Poor Perim'mance)
Ignition Components IGNITION El Trgumesthsoeagﬁ Shop Project7:
Shop Projec une-up
FUNDAMENTALS agd Trclubleshoonng EﬁﬁdTﬁ,“rgfégﬁgﬁ?.ﬁgup

High Energy lgnition
Components
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Heathkit Electronic Centers Nationwide

Visit your nearby Heathkit Electronic Center INDIANA - Indianapolis, 46220

White Plains (North White Plains. 10603)
(unit of Veritechnology Electronics Corporation) 2112 E.62nd St. 317-257-4321

7 Reservoir Ad., 914-761-7690

for products in this catalog. Parts and service KANSAS - Kansas City (Mission, 66202)

are available.

ARIZONA - Phoenix, 85017
2727 W. Indian School Rd.. 602-279-6247

CALIFORNIA~- Anaheim, 92805
330 E.Ball Rd., 714-776-9420

El Cerrito, 94530
600 Potrero Ave., 415-236-8870

Los Angeles, 90007
2309 S. Flower St., 213-748-0261

Pomona, 91767
1555 N. Orange Grove Ave., 714-623-3543

Redwood City, 94063
2001 Middlefield Rd., 415-365-8155

Sacramento, 95825
1860 Fulton Ave., 916-486-1575

San Diego (La Mesa, 92041)
B363 Center Dr., 714-461-0110

San Jose (Campbell, 95008)
2350 S. Bascom Ave., 408-377-8920

Woodland Hills, 91364
22504 Ventura Blvd., 213-883-0531

COLORADO - Denver, 80212
5940 W. 38th Ave., 303-422-3408

CONNECTICUT - Hartford (Avon, 06001)
395 W. Main St. (Rt. 44). 203-678-0323

FLORIDA - Fort Lauderdale (Plantation, 33317)
7173 W. Broward Blvd., 305-791-7300

Miami (Hialeah, 33012)
4705 W. 16th Ave.. 305-823-2280

Tampa. 33614
4019 W. Hillsborough Ave., 813-886-2541

GEORGIA- Atlanta, 30342
5285 Roswell Rd., 404-252-4341

ILLINOIS - Chicago, 60645
3462-66 W. Devon Ave., 312-583-3920

Chicago (Downers Grove. 60515)
224 Ogden Ave., 312-852-1304

We have the hardware
and software to back up
our courses on micro-
processors, computers
and programming

Complete line of test
instruments and the
educational courses
needed to get the most
from them

Whatever your educational
needs, Heathkit/Zenith is
your problem solver

5960 Lamar Ave., 913-362-4486

KENTUCKY - Lousiville. 40243
12401 Shelbyville Rd., 502-245-7811

LOUISIANA - New Orleans (Kenner, 70062)
1900 Veterans Memorial Hwy., 504-467-6321

MARYLAND- Baltimore, 21234

1713 E. Joppa Rd., 301-661-4446

Rockville, 20852

5542 Nicholson Lane, 301-881-5420
MASSACHUSETTS- Boston (Peabady. 01960)
242 Andover St., 617-531-9330

Boston (Wellesley, 02181)

165 Worcester Ave. (Ri. 9 just west of Rt. 128), 617-237-1510

MICHIGAN - Detroit. 48219

18645 W. 8 Mile Rd., 313-535-6480
East Detroit, 48021

18149 E. 8 Mile Rd., 313-772-0416

MINNESOTA - Minneapolis (Hopkins, 55343)
101 Shady Oak Rd., 612-938-6371

St. Paul, 55106

1645 White Bear Ave., 612-778-1211

MISSOURI- St. Louis (Bridgeton), 63044
3794 McKelvey Rd., 314-291-1850

NEBRASKA-Omaha, 68134
9207 Maple St.. 402-391-2071

NEW JERSEY - Fair Lawn, 07410
35-07 Broadway (Rt. 4), 201-791-6935
Ocean (Ashbury Park), 07712

1013 State Hwy. 35, 201-775-1231

NEW YORK - Buffalo (Amherst, 14228)
3476 Sheridan Dr., 716-835-3090

Jericho, Long Island, 11753

15 Jericho Turnpike, 516-334-8181
Rochester, 14623

937 Jefferson Rd., 716-424-2560

afar

LA FETRTRTEN]

OHIO - Cincinnali (Woodlawn, 45215)
10133 Springfield Pike, 513-771-8850

Cleveland, 44122
28100 Chagrin Blvd., 216-292-7553

Columbus, 43229

2500 Morse Rd., 614-475-7200
Toledo, 43615

48 S.Byrne Rd., 419-537-1887

OKLAHOMA - Oklahoma City, 73112
2727 NW Expressway, 405-848-7593

PENNSYLVANIA - Frazer (Chester Co.) 19355
630 Lancaster Pike (Rt. 30), 215-647-5555
Philadelphia 19148

6318 Roosevelt Blvd., 215-288-0180
Pittsburgh, 15235

3482 William Penn Hwy., 412-824-3564

RHODE ISLAND- Providence (Warwick, 02886)
558 Greenwich Ave., 401-738-5150

TEXAS- Dallas, 75201
2715 Ross Ave , 214-826-4053

Houston, 77008

1704 West Loop North, 713-869-5263
San Anlonio, 78216

7111 Blanco Rd.. 512-341-8876

UTAH- Sait Lake City (Midvale, 84047)
58 East 7200 South, 801-566-4626

VIRGINIA- Alexandria, 22303

6201 Richmond Hwy., 703-765-5515
Norfolk (Virginia Beach, 23455)

1055 Independence Blvd., 804-460-0997
WASHINGTON - Seattle, 98109

505 8th Ave. N, 206-682-2172

Seattle (Tukwila, 98188)

15439 53rd Ave. S.. 206-246-5358

WISCONSIN - Milwaukee. 53216
5215 W, Fond'du Lac, 414-873-8250

Texts are specially
designed for effective
learning in classroom
or individualized learn-
ing environments
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P.O.Box 167 3
St. Joseph, M1 49085 AN

Veritechnology Electronics Corporation

Your nearby Heathkit Electronic Center:




