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FOR THOSE OF YOU WHO HAVING . 

SECOND THOUGHTS ABOUT YOUR I T CB. 
Move up to the all -new Cobra 

29GTL. It's the bird generation of 
the.. trucker -proven Cobra 29. And 
like the 29 and the 29XLR before 
it, it advances the state of the art. 

Transmitter circuitry has been 
refined,and updated to improve 
performance. 

Receiver circuits have been' 
redesigned to include dua_ FET 
mixers, a monolit_iic crystal filter 
and a ceramic filter to reduce inter- 
ference and improve reception. - 

By improving the transmitter 
circuitry the 29GTL keeps you 
punching through loud and clear. 
By incorporating new features for 
better reception everything you 
copy comes back loud and clear.. 
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So if you're having second 
thoughts about your first CB, make 
your next CB the Cobra 29GTL. 

We back it with a guáranteéd 
warranty and a nationwide network '- 

of Authorized Service Centers 
where factory -trained technicians 
are available to help you with 
insta_lation, service and advice. 

But more important than that, 
we sell it at 'a price: you won't have_ _ 

second thoughts about.. 

o b ra 
Punches through loud and;clear. 

Cobra Communications Products 
DYNASCAN CORPORATION 

6460 W Cortland St., Chicago, Illinois 6063 
Write for color brochure 

EXPORTERS: Empire Plainview. N.Y CANADA: Atlas Electronics Ontario 
CIRCLE NO. 1 ON FREE INFORMATION CARO .. 
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Burglar Alarn 
Breakthrough 
A new computerized burglar alarm requires no 
installation and protects your home or business 
like a thousand dollar professional system. 

It's a security system computer. You can 
now protect everything -windows, doors, 
walls, ceilings and floors with a near fail-safe 
system so advanced that it doesn't require 
installation. 

The Midex 55 is a new motion -sensing com- 
puter. Switch it on and you place a harmless 
invisible energy beam through more than 
5,000 cubic feet in your home. Whenever this 
beam detects motion, it sends a signal to the 
computer which interprets the cause of the 
motion and triggers an extremely loud alarm. 

The system's alarm is so loud that it can 
cause pain-loud enough to drive an intruder 
out of your home before anything is stolen or 
destroyed and loud enough to alert neighbors 
to call the police. 

The powerful optional blast horns can also be 
placed outside your home or office to warn 
your neighbors. 

Unlike the complex and expensive com- 
mercial alarms that require sensors wired into 
every door or window, the Midex requires no 
sensors nor any other additional equipment 
other than your stereo speakers or an optional 
pair of blast horns. Its beam actually pene- 
trates walls to set up an electronic barrier 
against intrusion. 

NO MORE FALSE ALARMS 
The Midex is not triggered by noise, sound, 

temperature or humidity-just motion-and 
since a computer interprets the nature of the 
motion, the chances of a false alarm are very 
remote. 

An experienced burglar can disarm an ex- 
pensive security system or break into a home 
or office through a wall. Using a Midex system 
there is no way a burglar can penetrate the 
protection beam without triggering the loud 
alarm. Even if the burglar cuts off your power, 
the four-hour rechargeable battery pack will 
keep your unit triggered, ready to sense 
motion and sound an alarm. 

DEFENSE AGAINST PEEPING TOMS 
By pointing your unit towards the outdoors 

from your bedroom and installing an outside 
speaker, light, or alarm, your unit can sense a 
peeping Tom and frighten him off. Pets are no 
problem for the Midex. Simply put them in one 
section of the house and concentrate the 
beam in another. 

When the Midex senses an intruder, it re- 
mains silent for 20 seconds. It then sounds the 
alarm until the burglar leaves. One minute 

after the burglar leaves, the alarm shuts off 
and resets, once again ready to do its job. This 
shut-off feature, not found on many expensive 
systems, means that your alarm won't go wail- 
ing all night long while you're away. When your 
neighbors hear it, they'll know positively that 
there's trouble. 

PPOFESSIONAL SYSTEM 
Midex is portable so it can be placed any- 

where in your home. You simply connect it to 
your stereo speakers or attach the two op- 
tional blast horns. 

Operating the Midex is as easy as its instal- 
lation. To arm the unit, you remove a specially 
coded key. You now have 30 seconds to leave 
your premises. When you return, you enter 
and insert your key to disarm the unit. You 
have 20 seconds to do that. Each key is regis- 
tered with Midex, and that number is kept in 

their vault should you ever need a duplicate. 
Three keys are supplied with each unit. 

As an extra security measure, you can leave 
your unit on at night and place an optional 
panic button by your bed. But with all its 
optional features, the Midex system is com- 
plete, designed to protect you, your home and 
property just as it arrives in its wellprotected 
carton. 

The Midex 55 system is the latest electronic 
breakthrough by Solfan Systems, Inc.-a com- 
pany that specializes in sophisticated profes- 
sional security systems for banks and high 
security areas. JS&A first became acquainted 
with Midex after we were burglarized. At the 
time we owned an excellent security system, 
but the burglars went through a wall that could 
not have been protected by sensors. We then 
installed over $5,000 worth of the Midex com- 
mercial equipment in our warehouse. When 
Solfan Systems announced their intentions to 
market their units to consumers, we immedi- 
ately offered our services. 

COMPARED AGAINST OTHERS 
In a recent issue of a leading consumer 
publication, there was a complete article 
written on the tests given security devices 
which were purchased in New York. The 
Midex 55 is not available in New York 
stores, but had it been compared, it would 
have been rated tops in space protection 
and protection against false alarms-two 
of the top criteria used to evaluate these 
systems. Don't be confused. There is no 
system under $1,000 that provides you 
with the same protection. 

YOU JUDGE THE QUALITY 
Will the Midex system ever fail? No product 

is perfect, but judge for yourself. All com- 
ponents used in the Midex system are of aero- 
space quality and of such high reliability that 
they pass the military standard 883 for thermal 
shock and burn -in. In short, they go through 
the same rugged tests and controls used on 
components in manned spaceships. 

Each component is first tested at extreme 
CIRCLE NO. 28 ON FREE INFORMATION CARD 

The Midex security computer looks like a 
handsome stereo system component and 
measures only 4"x 101/2"x 7." 

tolerances and then retested after assembly. 
The entire system is then put under full elec- 
trical loads at 150 degrees Fahrenheit for an 
entire week. If there is a defect, these tests will 
cause it to surface. 

PEOPLE LIKE THE SYSTEM 
Wally Schirra, a scientist and former astro- 

naut, says this about the Midex 55. "I know of 
no system that is as easy to use and provides 
such solid protection to the homeowner as the 
Midex. I would strongly recommend it to any- 
one. I am more than pleased with my unit." 

Many more people can attest to the quality 
of this system, but the true test is how it per- 
forms in your home or office. That is why we 
provide a one month trial period. We give you 
the opportunity to see how fail-safe and easy 
to operate the Midex system is and how 
thoroughly it protects you and your loved ones. 

Use the Midex for protection while you sleep 
and to protect your home while you're away or 
on vacation. Then after 30 days, if you're not 
convinced that the Midex is nearly fail-safe, 
easy to use, and can provide you with a 

security system that you can trust, return your 
unit and we'll be happy to send you a prompt 
and courteous refund. There is absolutely no 
obligation. JS&A has been serving the con- 
sumer for over a decade-further assurance 
that your investment is well protected. 

To order your system, simply send your 
check in the amount of $199.95 (Illinois resi- 
dents add 5% sales tax) to the address shown 
below. Credit card buyers may call our toll -free 
number below. There are no- postage and 
handling charges. By return mail you will 
receive your system complete with all con- 
nections, easy to understand instructions and 
a one year limited warranty. If you do not have 
stereo speakers, you may order the optional 
blast horns at $39.95 each, and we recom- 
mend the purchase of two. 

With the Midex 55, JS&A brings you: 1) A 
system built with such high quality that it com- 
plies with the same strict government stan- 
dards used in the space program, 2) A system 
so advanced that it uses a computer to deter- 
mine unauthorized entry, and 3) A way to buy 
the system, in complete confidence, without 
even being penalized for postage and hand- 
ling charges if it's not exactly what you want. 
We couldn't provide you with a better oppor- 
tunity to own a security system than right now. 

Space-age technology has produced the 
ultimate personal security computer. Order 
your Midex 55 at no obligation, today. 

p NATIONAL 

° SALES 
® GROUP 

Dept. PE One JS&A Plaza 
Northbrook, III. 60062 (312) 564-7000 

Call TOLL -FREE 800 323-6400 
In Illinois Call (312) 498-6900 

©JS&A Group, Inc.,1978 
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The XSV/3000 is the source of 
perfection in stereo sound! 

Four big features ... all Pickering 
innovations over the past 20 years 
... have made it happen. 
1976: Stereohedron® This patented Stylus 
tip assures super traceAbilityTM, and its larger 
bearing radius offers the least record wear 
and longest stylus life so far achievable. 

1975: High Energy Rare Earth Magnet 
Another Pickering innovation, enabling 
complete miniaturization of the stylus as- 
sembly and tip mass through utilization of 
this type of magnet. 

1968: Dustamatic° Brush 
This Pickering patented invention dynamic- 
ally stabilizes the cartridge -arm system by 
damping low frequency resonance. It im- 
proves low frequency tracking while playing 
irregular or warped records. Best of all, it 
provides record protection by cleaning in 
front of the stylus. Ir 

AREA OF 
CONTACT WITH 
GROOVE WALL 

TRACING RADIUS 
.0003" 

CONTACT OR 
BEARING 
RADIUS .0028" 

1. Technical drawing of the Stereohedron shape. 
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2. Typical frequency response and channel 
separation curves of the XSV/3000. 

1959: Record Static Neutralizer 
The patented V -Guard Record Static Neutralizer 
has been a feature of all Pickering cartridges 
since 1959. It eliminates electrostatic 
dust attraction at the stylus 
and discharges record static, 
harmlessly into the grounded ti 

ti. 4. V -Guard Static Neutralizer, playback system. "Where the Stylus meets the groove." 
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3. Damping effect on tonearm resonance. 

DICKERING For further information write to Pickering & Co., Inc., 
Dept. PE , 101 Sunnyside Blvd., Plainview, N.Y. 11803 

'for those who can !Peer' the difference"" 
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% Editorial = I 

THE SOFTWARE RIGHTS DILEMMA 

How does one protect intellectual property rights such as computer programs? 
In many instances, only with hope and prayer! 

Since 1972, efforts to patent software have not met with success. In June, 1978, 
the U.S. Supreme Court ruled that yet another computer program involved in a 
case it considered could not be patented because its only distinctive feature was 
the algorithm. (The first Supreme Court software patent denial occurred in 1972, 
owing to simply an unusual mathematical algorithm-In re Benson and Tabbot: 
Converting binary coded decimal signals into binary number signals.) 

Doubtlessly, there are some computer programs out there that will eventually 
stand the test of patentability. But, would it really be worth the effort to obtain such 
a patent given the reluctance of the Patent Office to issue software protection, and 
the history of denials by the Court of Customs and Patent Appeals right through to 
the U.S. Supreme Court? 

Well, there's an alternative that can be used to protect proprietary rights: the 
copyright. This is the route suggested by the National Bureau of Standards, which 
recommended that a copyright for a program's source language should also cover 
machine -code copies made from it. (For more information, buy the NBS Study, 
Special Publication 500-17, Copyright in Computer -Readable Works, from the 
Superintendent of Documents, U.S. Government Printing Office, Washington, DC 
20402. Cost is $4, and ordering number is 003-003-01843-1.) 

This second source of protection has a term that's three times that of a patent. 
Moreover, it's easy to register within the copyright program under the classification 
of "books." This form of protection, however, is not particularly sound since a 
unique concept is not a consideration here. Thus, ripoffs are easier to accomplish. 
For an IBM, this is no problem. It's staffed to diligently pursue any infringement. In 
fact, IBM prefers to copyright programs rather than try to patent them, and has 
even argued amicus curiae against patenting computer programs! 

In light of the foregoing problems related to statutory methods of protecting com- 
puter programs, what can the small software developer do to inexpensively protect 
his investment? At the moment, very little. In many instances, however, it's not a 
severe problem since it really doesn't pay to photocopy some 30 pages of docu- 
mentation for a $5 or $10 package. Moreover, some software is designed to com- 
plement only specific hardware and language variations. In other cases, some 
positive action is necessary. 

Clearly, the new software technology is something that the patent and copyright 
offices should address without delay. With an estimated $20 -billion invested annu- 
ally in software development, and almost $1 -billion in 1977 packaged software 
sales, we're talking about big bucks that are getting bigger every day. Furthermore, 
I believe that protecting one's innovative work and investment will provide an in- 
centive for others to advance the technology as well as to continue to write new, 
useful programs. 
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Ohio Scientific now offers you the world's 
most powerful portable personal computer 
in both BASIC -in -ROM and mini -floppy 
configurations. 

C2 -4P Mod 2 Standard Features: 

Minimally equipped with 8K BASIC -in -ROM, 4K RAM, 
machine code monitor, video display interface, cassette 
interface and keyboard with upper and lower case 
characters. (Video monitor and cassette recorder optional 
extras.) 

The fastest full feature BASIC in the microcomputer 
industry. 

The C2 -4P Mod 2 features the most sophisticated video 
display in personal computing with 32 rows by 64 
columns of upper case, lower case, graphics and gaming 
characters for an effective screen resolution of 256 by 512 
elements. 

The CPU's direct screen access, coupled with its ultra - 
fast BASIC and high resolution, makes the C2 -4P capable 
of spectacular video animation directly in BASIC. 

The C2 -4P features computer "BUS" architecture. It 
internally utilizes a 4 slot backplane. Two slots are used 
in the base machine leaving 2 slots open for expansion. 
SEPTEMBER 1978 

The 

The Professional Portable 
by Ohio Scientific 

Comes fully assembled and tested. BASIC and 
machine code are always accessible immediately after 
powerup. 

A new high density static RAM board and two econom- 
ical minifloppy options give the C2 -4P tremendous 
expansion capability without sacrificing portability. 

The C2 -4P offers the user mainframe performance in a 
portadle package. This performance makes the C2 -4P 
suitable for use in hone computing, education, scientific 
and industrial research and small business applications. 

Other small personal computers can satisfy the 
requirements of the computer novice, but no other 
personal portable can match the C2 -4P in professional 
and computer enthusiast applications. 

Yet the C2 -4P and its accessories are priced only 
slightly above the mass marketed "beginner" or "home" 
computers. 

For more information, contact your local Ohio 
Scientific dealer or the factory at (216) 562-3101. 

OHIO CIENU IC 
1333 S. Chillicothe Road Aurora, Ohio 44202 
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Hobbiests! Engineers!. Technicians! Students! 
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ELF II 

by NETRONICS 
as featured in 
POPULAR ELECTRONICS 

shown with optional 4k 

Memory Boards. GIANT 

BOARD'". Kluge 
Board and 
ASCII 
Keyboard. 

MPADC 
TM 

Okla LFL- 

Write and run machine language programs at home, display video graphics 
on your TV set and design microprocessor circuits-the very first 
night-even if you've never used a computer before! 

E L F I 11 featuring 

RCA COSMAC 
microprocessor/min i - 

computer 
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SPECIFICATIONS 
ELF II features an RCA COSMAC COSIMOS 8 -bit 
microprocessor addressable to 64k bytes with DMA, 
interrupt, 16 registers, ALU, 256 byte RAM. full hex 
keyboard, two digit hex output display. 5 slot plug-in 
expansion bus (less connectors), stable crystal clock 
for ,tinting purposes and a double -sided. 
plated -through PC board plus RCA 1861 video IC to 
display any segment of memory on a video monitor or 
TV screen. 

EXPANSION OPTIONS 
ELF II GIANT BOARD" with cassserte I/O, 

RS 232-CaTI 1/O. 8 -bit P I/O. decoders for 14 

separate I/O instructions and a system 
monitor/editor. Turns ELF II into the heart of a 

full-size system with massive computing power! 
539.95 kit. 

4k Static RAM. Addressable to any 4k page to64k. 
Uses low power 2102's Chip select circuit allows 
original 256 bytes to he used. Fully buffered. 
Onboard 5 volt regulator $89.95 kit. 

Prototype (Kluge) Board accepts up to 36 I.C.'s 
including 40. 24. 22. 18. 16, 14 pin. Space available 
for onboard regulator. 517.00. 

Gold plated 86 -pin connector. 55.70. 
ELF II Full ASCII Keyboard. Upper and lower 

case 564.95 kit. 
5 amp Expansion Power Supply. Powers the 

entire ELF II (Not required unless adding 4k RAM 
boards.) 534.95 kit. 

All of She above PC hoards plug dyrecdc into 
ELF It's expansion bus. 

ELF II TINY BASIC 
Communicate with ELF II in BASIC: ELF II Tiny 
BASIC iscompatible with either ASCII keyboard and 
TV screen or standard teletype /video terminal 
utilizing RS 232-C or 20 mil TTY interface. 
Commands include SAVE and LOAD for storing 
programs on standard cassettes, a plot command to 
display graphic information and special commands 
for controlling ELF II I/O devices. I6 -bit integer 
arithmetic. ±. e. -. O. 26 variables A -Z. Other 
commands include LET, IF/THEN, INPUT. PRINT. 
GO TO, GO SUB, RETURN, END. REM: CLEAR. 
LIST, RUN. PLOT. PEEK, POKE. Comes with 
maintenance documentation and excellent user's 
manual that allows even beginners to use ELF II for 
sophisticated applications. (4k memory required.) 
514.95 on cassette tape. 
Coming Soon ... D-A.A-I)Con verter Controller 
Board Cabinet Light Pen (Lets you write or draw 
anything on a TV screen. Imagine having a "magic 
wand" that writes like a crayon!) 

6 
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Get "hands on" experience with a computer for just 
$99.95. Then, once you've mastered computer 
fundamentals. expand ELF II with low cost add-ons and 

you've got an advanced personal computer powerful 
enough to solve business, industrial or scientific 
problems. 

Learning Breakthrough! 
A Short Course On 

Microprocessor And 
Computer Programming 

Written for anyone! Minimal background needed! 

Using advanced computers is now as easy as driving a 

car with an automatic transmission. We will teach you, step 

by step, instruction by instruction, how to use an RCA 

COSMAC computer. 
Not only does our shod course explain computers, it 

helps anyone write and run programs and solve complex 
problems requiring a computer. Knowing how a computer 
works can help you .. 

(U Spot situations where a computer can assist you in 

business, industry personal applications, etc; (2) Select the 
most economical computer (or microprocessor) and related 
hardware for your specific needs; (3) Write and run the 
programs you need: and (4) Keep your computer costs down. 

This course was written for ELF II users but .. it's a 
blockbuster for every RCA COSMAC user or owner! 

Stop reading about computers and get your hands on one. ELF II is an outstanding trainer 
for anyone who needs to use a computer to maximize his or her personal effectiveness. But ELF II 

isn't just a trainer Expanded, it becomes the head of a powerful computer system. 

For $99.95 You Get All This- 
No other small personal computer offers video output and ELF IL's expansion capabilities 

for anywhere near $99.95. ELF A can create graphics on your TV screen and play electronic 

games! It pays for itself over and over again in the fun it provides for your whole family. 

Engineers and hobbiests can use ELF II in microprocessor -based circuits as a counter, alarm, 
lock, thermostat, timen telephone dialer, etc. The possibilities are endless! 

The ELF' II Explodes Into A Giant! 
Once you've mastered computer fundamentals. ELF II can give you POWER! Plug in the 

GIANT BOARD'" and you can record and play back your programs, edit and debug programs. 

communicate with remote devices and make things happen in the real world. Add Kluge Board to 

solve specific problems such as operating a more complex alarm system or controlling a printing 
press. 4k memory units let you write longer programs and solve even more sophisticated 
business. industrial, scientific and personal finance problems. 

Add ELF II Time BASIC And Keyboard! 
To make ELF II easier to use, we've developed ELF II Tiny Basic. It lets you program ELF II 

with simple words you can type out on a keyboard such as PRINT. RUN and LOAD. ELF II responds 

by displaying answers on your printer, video monitor or TV screen. 

\Arite And Run Programs The Sees First Night! 
The ELF II kit includes all components and everything you need to write and run your own 

programs plus the new Pixie Graphics chip that lets you display any 256 byte segment of memory 

on a video monitor or TV screen. No wonder ELF II is now being used as a trainer in many high 

schools and universities. 
Easy instructions get you started right away, even if you've never used a computer before. 

The newly expanded ELF II Manual covers assembly, testing, programming, video graphics and 

games. 

ELF II can be assembled in a single evening and you'll still have time to run programs 

including games, video graphics. etc. before going to bed! 

111~--e~ SEND TODAY! a.--- 
I NETRONICS R&D LTD., Dept. PE9 (203) 354-9375 

333 Litchfield Road, New Milford, CT 06776 
o YES! I want to run programs at home and have enclosed: 0 099.95 plus $3 

p8h for RCA COSMAC ELF II kit. O 54.95 for power supply required for ELF II kit. 

05.00 for RCA 1802 User's Manual. 

$4.95 for Short Course on Microprocessor 8 Computer Programming. 
ELF II connects to the video input of your TV set. If you preferto connect ELF II to your 

antenna terminals instead, enclose $8.95 for RF Modulator 

O $39.95 plus $2 p8h for ELF GIANT BOARD'" kit. - 4k Static RAM kit, $89.95 ea. plus $3 p&h. 

017.00 plus SI p8h for Prototype (Kluge) Board. 

O $34.95 plus $2 p8h for Expansion Power Supply kit. 
- Gold plated 86 -pin connectors at $5.70 ea. 

O $64.95 plus $2 p&h for ASCII Keyboard kit. 
$14.95 for ELF II Tiny BASIC cassette. 

I want my ELF II wired and tested with the power transformer, RCA 1802 
User's Manual and Short Course on Microprocessor & Computer Program- 
ming for $149.95 plus $3 p&h. 

Total enclosed (Conn. res. add tax) 5 Check here if you are enclosing 
Money Order or Cashier's Check to expedite shipment. 

NAME 

ADDRESS 

CITY 

STATE ZIP 

`man - Dealer Inquiries Invited! 

CIRCLE N0. 37 ON FREE INFORMATION CARD 
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Letters 
PC PATTERN PATENTS 

I am writing in response to a letter that ap- 
peared in the May 1978 Letters column re- 
garding my "Transfer of PC Patterns" article 
that appeared in the February 1978 issue. In 

his letter, Mr. Cannon states that U.S. Patent 
#3,791,905 covers the process described in 

my article. He noted further that he did not 
promote his own version of the process be- 
cause he "did not have the legal right to do 
so." After researching it, my patent attorney 
sees no conflict with my patent application. 
The results of this are due shortly and I am 
quite optimistic that I will be granted a patent 
on this process. -G.D. Fisher, Printed Cir- 
cuit Products Co., Helena, MT. 

LIFE BEGINS AT FORTY 

Late last year, I purchased an Elf mi- 

crocomputer kit and now, at age 44, I am into 
a whole new hobby. Until I purchased my Elf, 

I had no knowledge or interest in micro- 
processors. Since that time, POPULAR ELEC- 

TRONICS has been my sole source of informa- 
tion on the 1802 microprocessor. -Rich- 
ard A. DeForest, Fulton, NY. 

A 9-MHZ PIANO NOTE? 
As a former piand student, I had always 

been satisfied with a frequency range of from 
27.5 to 8720 Hz. Now, in your June 1978 Edi- 
torial. you tell me that the range goes all the 
way up to 9 MHz!- Wilfred J. Cote Ill, Stock- 
ton, CA. 

Sorry about the "typo." Obviously, we 
meant "9 kHz, " not "9 MHz." 

DIAGRAM AND TABLE NOT IN AGREEMENT 
While reading "Microprocessor Mi- 

crocourse, Part 2" (April 1978) on basic digi- 
tal logic, I realized that the description for a D - 

type latch/flip-flop does not match Fig. 13 

and the truth table. Which is correct?-B. Ma- 
lik, Tehran, Iran. 

The diagram shown in Fig. 13 is correct. 
However, the O and O in the truth table in Fig. 

13 were accidentally transposed. 

Out of Tune 
In the July "Experimenter's Corner," in Fig. 

4, the poles of the switches should be con- 
nected to the 2k resistors and the logic -1 po- 
sitions to the positive terminal of the battery. 

POPULAR ELECTRONICS 



An Extraordinary Offer to introduce you to the benefits of Membership in 

TV Installation. Maintenance 
& Repair (S12.95) 

92- 6--308 p.-Model Railroad ftB6Í s f:N,e ®L`Y 
Electronics (58.95) 

MOD w. 

RAILROAD 

- : - 
. 

874-322 p.-Master Handboo 
Digital Logic Applications.(S1 

1056-364 p.-How to Install Every- 
thing Electronic in Cars, Boats, 
Planes,,Trucks, & RV's (S10.95) 

1sfJ3 

.3.02.14i l )ydl I ELECTRONICS 
, JP9:11SJj 

¡ :i'!1iaJd. 
7a11J aa;ik.,1f1CIJ NCEE-;;:OIRS 

'. rF--` i1,N Dt-R «q»t. .atnrryW..,.. . . " .. 

Ri OF La,iFriatk¢P t.nt... 

..-- .._r. 

'.-713(18 

NA í,1(Z°_ 
1m5-196 p.-Solar Flare Monitor- OfC710 p¡CS " RASST 9n-192 p.-Mmiprocessors: 
n3 & Propagation Forecasting ^ ELECTR 

''ON Calculators to Computers (S9.95) 

; latdbook IS9.95) 
k cm« 5 - - _ / 00-420 p.-Dictionary . f Electronics (510.95) ELECTRONIC 882-252 p.-Transizfor 

Ignitior Systems (SE95) 

801-400 p.-Master Handbook 
1 Ham Radio Circuits (S12.95) 

D.wt. 

LL .w," ;"1 T;' 1,. a 
xwe txt+ro 

_ 

CIRCU 
.cclCN 

'C1-416 p.-Electronic Circuit '1 

Design Handbook -4th Edi-- s 

-ion (517.95) (8'/2'x11") 

N 
I 

1 TERNAT TOR I rA A 
FET SELE ; ft .0 : .. 829-196 p.-Impedance (S8.95) , r; PraRicalElettr°nr 

c G 

s;>i = 

C16-140 p.-Towers' International f ( 

FET Selector (57.95) k1009-294 p osed-Circuit 
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'' 
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ELECTRON IT 

ELECTRONICS BOOK CLUB 
take 
any 

of these 22 unique = 
electronics books 

. (values to 54T-) for only _ each 
with a Trial Membership in the Book Club that guarantees to 
save you 25% to 75% on a wide selection of electronics books 

800-602 p.-Mas-er Hardbook 
of 10tr1 Practical Electronic 

11-111 1j Circuits (S12.95) / Master I- 

Handb°°x 
of . f=r 0 _ 

uítsj 

** k{ay we send you your choice of3 of these prac- 
Ltical time -and -money -saving hooks as part of 

an unusual offer of a Trial Membership in Elec- 
tronics Book Club'' 

Here are quality hardbound volumes. each 
especially designed to help you increase your 
know-how, earning power. and enjoyment of elec- 
tronics. Whatever your interest in electronics. 
you'll find Electronics Book Club offers practical, 
quality books that you can put to immediate use and 
benefit. 

This extraordinary otTer is intended to prove to 
you through your own experience, that these very 
real advantages can be yours...that it to possible to 
keep up with the literature published in your areas 
of rrrterest, and to save substantially while so doing. 
As part of your Trial Membership, you need pur- 
chase as few as four hooks during the coming 12 

months. You would probably buy at least this many 
anyway, without the substantial savings offered 
through Club Membership. 

To start your Membership on these attractive 
terms, simply fill out and mail the coupon today. 
You will receive the books of your choice for 
10 -day inspection. YOU NEED SEND NO 
MONEY. If you're not delighted, return the books 
within 10 days and your Trial Membership will be 
cancelled without cost or obligation. 
ELECTRONICS BOOK CLUB, Blue Ridge Summit, Pa. 17214 

SEPTEMBER 1978 
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997-432 p. --The Handbook of Tele- 
phones & Accessories (S14.95) 

e 
, 

i4 Sym _, ... ;, .-" 1 t ;, ÑAÑO800K 
750-224 p.-Electroric Cor.ver- OF 

sions, Symbcls & Formulas (53.95) , TELEPHONES 

esX 

Lid/wAr-i11440011 
MpUlA10R 

Practácal OH\©ÑOÍRf 
Co a®ar- -solid-p lles yt 

iTj+"Y BUIIll6Yer/Nafó WnQ 
69ILun1'pC.IrDpr Yora[IKtr.vO. We s mut . ápnnD. 

pmantCÓrtfria...Ymtut,au, 
De'+tEaÍwNrJ 
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841-236 p.-Buitl your Ovn VtQO UNDERSTAAIDING 
975-3(2 p.=)The "Compulator" 

t 

fl97 yyorking Robo5' 
({J 1> M 

..& 
ACCESSORIES 

96I-406 p.-Practical CB Radio - 891-196 p.-Practical Solid -State 

HOW TO DESIGN C BUILD - 

INSTRUMENTATION 
1012-420 p.-How. to De= _.1012-420 

& Build Electronic 
mentation (S14.95) 

-t- Yt FIL 
960-224 p.-IC Fun 1017-140p.-Understand- 

Trubleshooting & Repair (511.95) DC Power Supplies <S9.95) 
Locator (S8.%) ing Sound, Video, & Film 

47 
- 

Recording (S8.95) 

ELECTRONICS BOOK CLUB 
Facts,About Club Membership 
The 3 introductory books of your choice carry publishers 

retail prices of up to $47.85 They are yours for only 41 each 
(plus postage/handling) with your Trial Membership. 

You will receive the Club News. describing the current 
Selection Alternates and other books, every 4 weeks (I3x 
times a year) 
ell you want the Selection, do nothing, it will be sent to you 
automatically. It you do not wish to receive the Selection, a if 
you want to order one of the many Alternates of erect, you 

simply give instructions on the reply form (and in the en- 
velope) provided, and return it to us by the date specified. This 
date allows you at least 10 days in which to return the form. If. 
because of late mail delivery, you do not have 10 days to make 
a decision and so receive an unwanted Selection. you may 
return A at Club expense. 

To complete your Trial Membership, you need buy only four 
additional monthly selections or alternates during tie next 12 

months. You may cancel your Membership any time after you 

purchase these four books. 
All books-including the introductory Offer-are fully re- 

turnable after 10 days if you're not completely satisfied. 
All books are offered at low Member prices, pies a small 

postage and handling charge. 
Continuing Bonus If you continue after this Trial Member- 

ship, you will earn a Dividend Certificate for even book you 
purchase. Three Ce''ificates plus payment of the nominal sum 
of $1.99 will entitle you to a valuable Book Dividend of your 
choice which you may choose from a list provided Members. 

CIRCLE NO 16 ON FREE INFORMATION CARD 

Blue Ridge Summit, Pa. 17214 
1 Please open my Trial Membership in ELECTRONICS 
1 BOOK CLUB and send me the 3 books circled below. I 

understand the cost of the books I have selected is 
1 only 49C each, plus a small shipping charge. If not 
1 delighted, I may return the books within 10 days and 

owe nothing, and have my Trial Membership cancel - 
1 led. I agree to purchase at least four additional 
1 books during the next 12 months, after which I may 

cancel my membership at any time. 
1 101 300 750 800 801 829 841 874 

882 891 926 954 960 971 975 
997 1005 1009 1012 1016 1017 1056 

1 
1 
1 
1 

Name Phone 

Address 

City 

State Zip t (Valid for new Members only. Foreign and Canada add 10%) PE -98 

7 



NRI training in TV 
and Audio Servicing 
keeps up with the 
state of the art. 

Now you can learn to 
service video cassette 

and disc systems. 
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You build color 1V, hi-fi, professional instruments. 

Now, in addition to learning 
color TV and audio systems servicing, 
you get state-of-the-art lessons in 

maintaining and repairing video cas- 
sette recorders, playbacks and the 
amazing new video disc players, both 
mechanical and laser -beam types. 

Learn at Home 
in Your Spare Time 

And you learn right at home, 
at your own convenience, without 
quitting your job or going to night 
school. NRI "bite -size" lessons 

make learning easier... NRI 

"hands-on" training gives you 

practical bench experience as you 
progress. You not only get theory, 

you actually build and test electronic 
circuits, a complete audio system, 
even a color TV. 

Build Color TV, 
4 -Channel Audio 

As part of your training in 

NRI's Master Course in TV and 
t Audio Servicing, you actually as- 

semble and keep NRI's exclusive, 

designed -for -learning 25" diagonal 
color TV. As you build it, you intro- 
duce and correct electronic faults, 
study circuits to gain a better under- 
standing of what they're for and how 
they interface with others. 

Likewise, as part of your audio 
training, you construct a 4 -channel 
stereo amplifier and tuner, complete 
with cabinet and speakers. You even 

assemble professional -grade test in- 

struments, so you know what makes 

them tick, too. Then you use them in 

your course, keep them for actual TV 

and audio servicing work. 

NRI Includes 
the Instruments You Need 

You start by building a transis- 
torized volt -ohm meter which you use 

for basic training in electronic theory 
Then you assemble a digital CMOS 

frequency counter for use with lessons 

in analog and digital circuitry, FM 

principles. You also get an integrated 
circuit TV pattern generator, and an 
advanced design solid-state 5" trig- 

gered -sweep oscilloscope. Use them 
for learning, then use them for 

earning. 

NRI Training Works... 
Choice of the Pros 
More than 60 years and a 

million students later, NRI is still first 

choice in home study schools. A na- 
tional survey of successful TV repair- 
men shows that more than half have 
had home study training, and among 
them, it's NRI 3 to 1 over any other 
school. (Summary of survey 

on request ) 

That's because you can't heat 

the training and you can't beat the 
value! For hundreds of dollars less 

than competing schools, NRI 

gives you both color TV and 
° audio...and now includes 

training in video cassette and 
- disc systems. Send for our free 

catalog and see for yourself 
why NRI works for you. 

y 
I 

Other NRI training includes Computer 1bchnologv 

Complete Communications Electronics. 

Free Catalog... 
No Salesman Will Call 

Our free 100 -page catalog com- 
pletely describes all the equipment and 
every lesson. You can choose from five 

different TV and audio courses. Or ex- 

plore the opportunities in other NRI 

home study courses like Computer 
Technology, CB and Mobile Radio, 
Aircraft and Marine Radio, or Com- 
plete Communications. Send the 
postage -paid card today and get a 

head start on the state of the art. 
If card has been removed, 

write to: 

NRI 
NRI-Schools 
McGraw Hill Continuing 

Education Center 
AA FA 3939 Wisconsin Ave. r Washington. D.C. 20016 

1I 11 I Y 

Learn at home at your convenience 

117V Y 
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New Products 
Additional information on new products 
covered in this section is available front the 
ntunnfacEurers. Either circle the item's code 
number on the Free Information Card 
or write to the manufacturer al the 

address given. 

1 

Bang & Olufsén 
FM Receiver 
The Beomaster 2400 is a uniquely styled 
stereo -FM receiver with remote control, 
rated at 30 watts per channel continuous 
power into 4 ohms. The remote control, in- 
cluded, can be used to select any of four 
preset FM stations, adjust the volume, 
switch from FM to phono input, and turn 

the receiver on and off. An illuminated pan- 
el on the receiver includes displays that 
allow control status to be read from across 
the room, plus touch -sensor controls du- 
plicating the remote -control functions, with 
the added choice of one more input (tape) 
and one more FM station. Additional con- 
trols for bass, stereo balance, FM - 
preselect settings and manual tuning are 
beneath a hinged top cover. Amplifier spe- 
cifications include less than 0.2% distor- 
tion, and S/N better than 65 dB. FM sensi- 
tivity ratings are: 19.2 dBf (5.0 µV) mono- 
phonic usable sensitivity; 50 -dB quieting 
sensitivities of 18.5 dBf (4.6 µV) mdno and 
38.9 dBf (48 µV) stereo. FM S/N is 80 dB 
in mono, 66 dB in'stereo. Dimensions are 
21h"Hx241/"Wx9%4"D(6x62x25cm). 
$595. 

CIRCLE NO. 88 ON FREE INFORMATION CARD 

'mootwaitz 
r 

through the use of twin ceramic selectivity 
filters, switchable noise-blanker/ANL sys- 
tem. Controls include three -position range 
switch, delta tune switch, tone, CB/PA 
switch, and calibrated squelch. The Viking 
260's cabinet is covered with leather -tex- 
tured black vinyl (other colors available). 
$199.95. 

CIRCLE NO 89 ON FREE INFORMATION CARO 

sponse is said to be 30-18,000 Hz ±3 dB 
with CrO2 tape. Separate front panel, 
three -position bias and equalizer switching 
is provided. Other features include full log- 
ic controls, stereo mike and headphone 
jacks, three -digit tape counter, dual switch - 
able peak/VU meters, L/R line and mike/ 
DIN record controls, and single output con- 
trol. $495.00. 

CIRCLE NO. 91 ON FREE INFORMATION CARD 

Microcomputer/TV 
Receiver Interface 
ATV Research's "Micro -Verter" interfaces 
microcomputers to standard color or 
monochrome TV receivers. It accepts 

0--11.i -.. 
MICRO-YCRfCR 

video input and generates modulated r -f 
output above uhf channel 14 to avoid im- 
age degradation from computer switching 
harmonics. It's tunable over at least four 
channels. In most cases, r -f is coupled to a 
uhf tuner input through a 1 -cm stub at the 
back of the device. The r -f modulator is 
powered by four self-contained "AA" cells 
(not supplied) and comes with video cable 
and r -f output stub coupler. Dimensions 
are 2.2" x 3.3" x 4.5" (5.5 x 8.5 x 11.5 
cm). $35. Address: ATV Research, 13th & 

Broadway. Dakota City, NB 68731. 

Work Surface 
Traction Pad 
"Slidestop" is a high traction plastic materi- 
al which prevents tools and parts from slip- 
ping or sliding. Available in rolls, the flex- 
ible material is non -sticky, for easy remov- 
al of objects placed upon it, yet has suffi- 
cient traction to hold objects even when 
the surface is nearly vertical. Prices range 
from $22 for an 8" x 2.2 -yd. roll to $139 for 
a roll 16" wide by 10 yds. Colors include 
green, red, blue, yellow and white. Ad- 
dress: Kager International, Suite 710, 1180 
South Beverly Dr., Los Angeles, CA 
90035. 

Johnson Mobile 
CB Transceiver 
E. F. Johnson's Viking 260 AM mobile CB 
transceiver features LED numeric channel 
display with an automatic LED brightness 
control circuit. Discrete LED's are also 
used to form a bar -graph S/r-f meter. Inter- 
ference problems are said to be reduced 

Hitachi 3 -Head 
Cassette Deck 
Hitachi's Model D 900 is a front -loading, 
three -head stereo casette deck with Dolby 
noise reduction and calibration. Rated 
wow and flutter of the dual capstan servo 
drive system is ±0.05%. Frequency re - 

Koss Stereophone 
The new Koss K/6ALC Stereophone has a 

low -angle 2.5" (63 mm) diameter driver in 
each earcup. Rated sensitivity for 100 -dB 
SPL is 0.14 V rms (1 kHz sine wave). THD 
is said to be below 1% with 100 -dB SPL (1 

kHz), and impedance is 94 ohms. A slide- 

' 

( 

,( 

a g 

4K, r 

type volume/balance control is provided 
for each earcup. Earcushions are foam - 
filled vinyl, and the headband is sponge - 
cushioned nylon with pivoting, self-adjust- 
ing yokes. A three -conductor coiled 10 -ft 
cord is supplied. Weight is 14 oz (390 g) 
less cord. $34.95. 

CIRCLE NO. 92 ON FREE INFORMATION CARO 

8 -Track Tape 
Amplifier Converter 
Shur-Lok's "Star-Trak" converter permits 
use of any 8 -track tape playback system 
for audio and musical instrument amplifica- 
tion. No wiring is necessary since it inserts 
into the tape player's cartridge slot. Four 
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THE VIC-SEPARATES, 
Sensitive tuners;; plús DC annplifiérs that help eliminate :sónic-backlásh. 

. . 

1 g. , 

you ve ever listened to a JVC music system 
with aseparate tuner and ar, lifier, and 
tiought, "One of:hese days.." 

Well that day is here. Tie new JA -S44 DC 
integrated stereo amplifier, wth i:s exclusi.e 
suit -in SEA graphic equalizer and dual power 
peter, provides clean, uncainily- 
accurate music reproduction with 
¿II tie power you re ever likelw - b 7 
tD need.*- e t 

- Our "Tri-DC"design in 

tie JVC JA -S55 End JA -S7' " Yam } 

6 furth -eliminatesdistortion- 
causing capacitors within tt-e ;f j t 

DC phiono equalizer, DC tore g- a 

corrtrul and DC power 
amp i-ier sections, providirg frequency respo-se -ream 5Hz 
to -OJkHz (+0. -1.0dó:. And they rave dual power 
suppl es-not one for ear channel, as in conjen: onal 
cesigis-but one for the Cla A -operated oreEnp; tone con- 
t-ol section, and a second which performseven heaver duty 
for the Class B -operated D Dower 
ampli-ier section. This uniquede- 
sign practically e iminates bo-h 
inter and intra-channel cross_alk 
End d stortion, or what we cal 
"sonic backlash." The resul:s: 
incrrEsed tonal definition anc - 

tril ance, especially with high- 
level t-ansient signals. 

The new JVC JT-V22 Av1,FM 
stereo tuner is a standout it its 

JVC 

ti 

JT-V22, Jli-S44 

WIN 

ea -11Pi 7.4? 

_ ' roo rur ió f 
.31. ,11! 11 = - ,_ e 

1 

t = L 
. ..a.k 

'Ir,: JA -5_ á3.ttcA': JA -S55 

class. With ar FM front end that uses an FET RF 

anplíier, corrbiredwith a 3-anc _uning capacitor, the 
brings in -he most tim d FM stations and makes 

therm sound though they're jest around the corner.. 
Or, ilycu're in an area where 
FM stations are a hairline away 
frorneach o:her on the dial, it 

ens 
deli;,ers clear, interference- 

' free -eception. Then, to help 
you make sure you're on tar- 

get, it has ooth signal strength and 
center -channel tuning meters. 

Probably the most significant 
advance n recent FM tuner 
technology is JVC's Phase Track- 
ing Loon circui:ry in our new top 

model-Jr-V7:. This advanced circuit provides high 
signal-to-noisera'o as well as excellent interference rejec- 
tion and -reedcm -om r ultipath effects and adjacent chan- 
nel interfe-ence. Its sti I another eza nple of JVC's innovative 
engineering. But SDunds speak louder than words. See and 

-sear these magrificently-designed 
separates at your JVC dealer soon. 

JVC Hgh Fidelity Division, US 
JVC Corp., 58-75 Queens Midtown 
E)goressway. Maspeth, N.Y. 11378. 
2,anada:JV2, Electronics of 

9er 

Q ' 
Top: JT-Y77 __Botom _JS7 

' ;_ 

STflEO rTLdRa--EC MYLFER .1.6 EOhILR 

f 
= 

= 

® t ®41 
_. 

>r3.. 

3 - 

--5 wotIShhanneI, min. OM5.3 ohms, from 201£-2EkHz. ñeh nc more tharrD.02%;1- C. Aadra dun -handles and wood -grain cab nets op.onJ 
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 How close can 
hi-fi get to an 

authentic musical experience? 

Slip on new Audio-Technica 
Stereophones and 
hear for yourself, 

If you want to find out how good the new Audio 'rr'chnica 
Stereophones really are, don't just compare rher with 
other headphones. Put them up against the very finest 
speaker systems. But don't just listen to the equipment. 
Listen to the music. And he ready fir a surprise! 

Judged on the basis of flatness response, freedom 
from distortion, transient response, sensitivity. and 
independence from room acoustics, these new dynamic and 
electret condenser models are perceptibly better sounding 
than speaker systems costing hundreds of dollars more. 

And if you think that great performance can only 
come from heavy, bulky stereophones, get ready for another 
surprise. Our heaviest model is less than 7V 07S. and our 
lightest is an incredible 43/4 ounces light. Comfort that 
lasts an entire opera if you wish. 

For all the facts, send for our catalog. But for the 
revealing truth about stereophone performance, listen and 
compare at your nearby Audio-Technica showroom. 
It will be a great musical experience. 
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Model ATH-7 
Our finest Electret Condenser 
with LED peak level indicators 
$149.95 

.7 

Model ATH-t 
The moving coil dynamic stereo - 
phone that weighs just 4,/4 oz. 
$29.95 

audio technica 
INNOVATION o PRECISION o INTEGRITY 

/a" phono jack inputs are provided. Signals 
from any instrument are processed by 
"Star-Trak" and transduced to the tape 
unit's pick-up head for stereo reproduction. 
$49.95. Address: Shur-Lok Mfg. Co., Inc., 
412 N Main, Hutchins. TX 75141. 

Variable -Power 
Soldering Station 
American Beauty's V-3600 is a solid-state, 
continuously variable power unit for any 
15 -to -60 -watt soldering iron. It is said to be 
capable of delivering zero to 100 percent 

7:l 

-s 

of line voltage. Other features are a built-in 
sponge tip cleaner, and a ventilated iron 
holder. The unit is available with or without 
soldering iron. Dimensions are 8.5" x 4" x 
6" (22 x 10 x 15 cm). 
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Advent/1 
Loudspeaker 
The Advent/1 is a two-way "bookshelf" 
speaker system with 10" acoustic suspen- 
sion woofer and 1 `ix" ferro -fluid -damped 
cone tweeter. Minimum recommended in- 
put is 15 watts/channel. Dimensions of this 

14 AUDIO-TECHNICA U.S., INC., Dept. 9BP, 33 Shiawassee Avenue, Fairlawn, Ohio 44313 
Available In Canada from Superior Electronics, Inc. 
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IF YOU'RE WAITING FOR 
SOLDERLESS BREADBOARDS TO BE 

FASTER, EASIER, MORE 
VERSATILE AND LOWER -PRICED... 

Incredibly inexpensive. EXPERIMENTOR 
solderless sockets begin at S5.50* 
(S4.00' for the 40 tie -point quad bus strip). 
A spool of solder costs more. 

Microprocessors and other complex 
circuits are easy to develop. Each 
EXPERIMENTOR quad bus gives you 
four bus lines. By combining quads, 
8-, 12- and 16 -line address and data 
buses can be created, simplifying 
complex data/address circuits. 

Infinitely flexible. Circuits can go in 

any direction. up to any size. All EXPER I - 

MENTOR sockets feature positive inter- 
locking connectors that snap together. 
Horizontally and/or vertically. And un- 
snap to change a circuit whenever you 
wish. 

Easy Mounting. Use 4-40 screws from 
the front or 6-32 self -tapping screws 
from the rear. Insulated backing lets 
you mount on any surface. 

Mix and match. Use large and small chips 
in the same circuit without problems. 
There are two sizes of EXPERIMENTOR 
sockets with 0.3" and 0.6" centers. 
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EXPERIMENTOR 350. $5.50.46 five- 4 
point terminals plus two 20 -point bus : 1 strips. 0.3"centers; 3/e x 31/2 x 2". 

EXPERIMENTOR 650. $6.25'46 five - 

point terminals plus two 20 -point bus 
strips. 0.6"centers; 3/8 x 31,4 x 21/4". 
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Full fan -out. A CSC exclusive. The only 
solderless breadboard sockets with 
full fan -out capabilities for micro- 
processors and other larger (0.6") DIP's. 

EXPERIMENTOR QUAD BUS 
STRIP $4.00* Four 40 -point 
bus strips. 3/e x 6 x 3/4". 

Designated tie -points. Sim- 
plify translation from bread- 
board to PC -boards or wiring 
tables. 

EXPERIMENTOR 600. 
$10.95.94 five -point termi- 
nals plus two 40 -point bus 
strips. 0.6"centers; 3/e x 6 x 

214 

Accepts all standard components. 
EXPERIMENTOR sockets conform to an 0.1" 
grid.and are DIP compatible. Also accept 
IC's. transistors, diodes, LED's, resistors, 
capacitors, transformers, pots, etc. 

Easy hookup. Components push in and pull 
out instantly. Use #22-30 solid AWG 
wire for jumpers. 

Rugged, dependable construction. 
Sockets are constructed from abrasion 
resistant materials and withstand 100°C. 
Each one features non -corrosive 
nickel -silver contacts. 

EXFERIMENTOR 300. $9.95494 five - 

point terminals plus two 40 -point bus 
strips. 0.3" centers; 3/8 x 6 x 2". 

WHAT ARE YOU WAITING FOR? 
Discover today how solderless breadboarding can save time and money on every circuit you build. Get 

acquainted with EXPERIMENTORTM sockets r and how they simplify circuit design, assembly and testing. 
Eliminate the hassles and component damage of soldering. No special hardware or jumper cables 

required, either. And the price is so low, it's hard to believe. 

"Order today Call 203-624-3103 (East Coast) or 415-421-8872 (West Coast): 9 a.m.-5 p.m. local time. 
Major credit cards accepted. Or see your CSC dealer. Prices slightly higher outside USA" 

CONTINENTAL SPECIALTIES CORPORATION 

5:rá . 

70 Fulton Terrace, Box 942, New Haven, CT 06509. 203-624-3103 TWX 710-465-1227 
WEST COAST: 351 California St., San Francisco, CA 94 04,415-421-8872 TWX 910-372-7992 

GREAT BRITAIN: CSC UK LTD., Spur Road, North Feltham Trading Estate, 
Feltham, Middlesex, England, 01-890-0782 Intl Telex: 851-881-3669 

tu.S Patent No. 0235.554 CANADA: Len Finkler Ltd.; Ontario 
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'Manufacturer's 
recommended resale. 

C1977, Continental 
Specialties Corporation 
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1 Your records will last 
longer. Empire car- 

tridges are designed to track at 
lower forces. This imposes less 
weight on the record insuring 
longer record life. 

2 Your records will sound 
better. Distortion is a 

mere .0005 at standard groove 
velocity. Therefore, reproduc- 
tion is razor sharp with no 
wavering or fuzziness. 

3 More cartridge for 
your money. We use 

4 poles, 4 coils and 3 magnets 
in our cartridges (more than 
any other brand). 

4 Inspection from head 
to toe. Every Empire 

cartridge, regardless of price, 
is fully inspected both visually 
and technically. Tests include 
frequency response, output 
balance, channel separation 

li and tracking. 

5 Diamond control. 
At Empire we cut, 

grind, polish and mount the 
diamonds to our own exacting 

F specifications. We insure total 
quality of the product from 
start to finish by buying only 
the highest quality gems. 

For more good reasons to buy 
an Empire cartridge, write for 
your free catalogue: 
EMPIRE SCIENTIFIC CORP. 
Garden City, N.Y. 11530 

Mfd. U.S.A. WIFE 

8 -ohm system are 22" H x 13.25" W x 
9.25" D (55.9 x 33.7 x 23.5 cm). Two fin- 
ishes are available: walnut -grain vinyl, 
$99.95; walnut veneer, $120. 
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Yaesu Communications 
Receiver 
The FRG -7000 is a new shortwave receiv- 
er from Yaesu featuring five -digit numeric 
frequency display. It offers continuous coy 
erage of 0.25 to 29.9 MHz in five ranges 
and operates in AM, SSB, and CW modes. 

: 
u, elm' v,75. a 

i- . 

On the front panel are: an hours -minutes - 
seconds timer with numeric readout, main 
and fine tuning controls, AM and switch, 
preselector, tone controls, S -meter, and 
headphone jack. It includes a built-in 
speaker and a 2 -watt output audio amplifi- 
er. Rated AM and SSB/CW sensitivities 
are 0.7 and 2µV, respectively, for 10 dB 
S/N. The 6- and 50 -dB selectivity points 
are ± 1.5 and ±4 kHz (SSB/CW), ±3 and 
±7 kHz (AM). Drift is said to be less than 
± 500 Hz during any 30 -minute period after 
warm-up. Dimensions are 4.9" H x 14.2" 
W x 11.6" D (12.5 x 36 x 29.5 cm). 
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controls are at 15, 120, 500, 2000, 5000, 
and 25,000 Hz. Maximum equalization is 

±44 dB at 15 Hz and ±33 dB at 25,000 
Hz. When the controls are set to zero, fre- 
quency response is claimed to be flat to 1 

dB. THD is rated at 0.03% with 7.8 V (1 

kHz). An input level slide control and tape 
monitor switch are provided. Dimensions 
are 1.5"H x 4.75"W x 7.375"D (3.8 x 12.1 

x 18.7 cm). 
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Phase Linear 
Power Amplifier 
The New Phase Linear Model 400 Series 
Two amplifier has a rated power output of 
210 watts rms/channel into 8 ohms over 
20-20,000 Hz with no more than 0.09% 
THD. It has BI-FET high -loop gain circuitry 

and electronic energy limiters said to pre- 
vent overload damage. Dual peak -reading 
LED meters and twin input sensitivity con- 
trols are mounted on the front panel. 
$599.95. 
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Tonearm Shell 
A universal tonearm shell, the AT -N, has 
been introduced by Audio-Technica. The 

shell is said to mate with virtually all Japa- 
nese and most European tonearms. The 
AT -N facilitates changing cartridges when 
more than one is used. $5.95. 
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Kantronics Portable 
CW Receiver 
The Kantronics 8040-A CW receiver offers 
coverage of 3.65 to 3.75 and 7.05 to 7.15 
MHz for monitoring and code practice. This 
lightweight unit operates from two 9 -volt 
batteries. Front -panel controls include au- 
dio gain and a preselector. It also features 
vernier dial action. A standard phono jack 
allows connection of an 8 -ohm speaker or 
monophonic headphone (not supplied). 
The 8040-A is said to provide readable au- 
dio output with a 1-11V input signal; selec- 
tivity is rated as -6 dB at ±500 Hz. Dimen- 
sions are 2.9" H x 6.6" W x 6" D (7.4 x 
16.8 x 15.2 cm). $59. 
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Burwen 
Remote Equalizer 
Burwen's "Remote Variable Field Equaliz- 
er" consists of a base power system joined 
to a hand-held control unit by a 20 -ft cord 
so that one can make adjustments while 
located anywhere in a room. There are six 
bands per channel, controlled by horizon- 
tal slides. Frequency range is said to be 
15-25,000 Hz. Combination peaking/shelf 

M&K Passive Crossover 
M&K's LP -1 is a totally passive crossover 
system which provides separate drive to 
sub -woofer and mid-range/high-frequency 
amplifiers for bi-amping. The LP -1 follows 
the preamplifier in the signal path and is 

said to have virtually no transmission loss 
in its passband. Crossover rates are 12 

dB/octave from low-pass to high cutoff and 
18 dB/octave from high-pass to low cutoff. 
On the front panel are tape input, bass 
and treble outputs, and bass and treble 
level controls. $120. 
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ase antenna encounter. 
Superb CB performance 
plus great.Ffn .receptión. Unreal I 

° STARDUSTER II oütpérforms'any 5/8 wave omni-directiónal CB 
antenna at horizon gain everdesigned- but that's on y half the story. 
We also designed it to work simultaneously on 88-108 MHz 
FM. It receives FM broadcasts right á ongside your CB rig so you get 
superb double duty from one great antenna. 

FM reception is vertically polarized for a perfect omni pattern. 
Ao Tuned traps and phasinc coil provide excellent performance across 

the entire band. And you still get the STARDUSTER'S fantastic CB 
performance-tremendous 5dB gain" with our original full 
aperture design that punches your signal farther -out on 
the horizon. 

Installation?-STARDUSTER II's super'lightweight 
and compact-weighs just 51/4 pounds. 
STARDUSTER II" You've reached 
the outer limit in base antenna 
performance 
'FM/FM STEREO GAIN IS UNITY 

rrduste. 
° I Model M-800 

. 

Y"Stripes of QueJoy' 

a member of The Allen Group Inc. 
12435 Euclid Avenue Cleveland. Ohio 44106 
Export 2200 Shames Drive Westbury. L.I. New York 11590 

Canada: A. C. Simmonds S Sons. Ltd. 

U 

;. ,, 

the áhténná 
specialists co: " 

IN 25 YEARS ...WE'VE NEVER BEEN OUTDISTANCED. 
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New Literature 
a 

TURNER COMMUNICATION CATALOG 

Turner Division of Conrac Corporation has is- 
sued a 28 -page catalog covering their CB 
product line. Included are microphones, 
stainless steel antennas, fiberglass antennas 
and accessories. Featured is a section on 
Turner's new no -solder microphone connec- 
tor program, "The Turner Connection." Gen- 
eral information and engineering specs are 
also included. Address: Turner Division Con- 
rac Corp., 716 Oakland Rd., N.E., Cedar 
Rapids, IA 52402. 

SIMPSON INSTRUMENT 
CATALOG 4700 

Simpson Electric Company has available a 

60 -page catalog listing its line of stock analog 
and digital panel meters, meter relays, con- 
trollers and test instruments. New products 
include the model 461 digital multimeter and 

the series 2860 digital panel meters. Ad- 
dress: Simpson Electric Co., 853 Dundee 
Ave.. Elgin, IL 60120. 

MOUSER SEMICONDUCTOR CATALOG 

An 88 -page catalog from Mouser Electronics 
describes its lines of zener, germanium, and 
silicon diodes, rectifiers, and TO -18 and 
TO -92 transistors. Low-, medium-, and high - 
current triacs, logic triacs, and triacs with in- 

ternal diacs are also presented. The catalog 
covers an expanded line of quality IEE LED's, 
including sockets. Address: Mouser Electron- 
ics, 11511 Woodside Avenue. Lakeside, CA 
92040. 

HEATH SOLDERING MANUAL 

Heath Company announces its new. self - 
instructional Soldering Manual EI-3133. It 

covers the basic aspects of learning to sol- 
der, and uses programmed instruction tech- 
niques. This self -learning manual contains a 

comprehensive final exam and a complete 
glossary of soldering terms. An accompany- 
ing practice kit gives "hands-on" experience 
in soldering and unsoldering. Price: $9.95. 
Address: Heath Company. Dept. 350-380. 
Benton Harbor, MI 49022. 

TRANSFORMER BULLETIN 

Hammond Bulletin 117 describes the new 

117 series of line -matching transformers for 
sound distribution. The transformers couple 
3.2-, 8-, and 16 -ohm speakers to 25- or 70-V 
line outputs of amplifiers. and feature two - 
winding construction. Address: Hammond 
Manufacturing Co.. Inc., 385 Nagel Dr., Buf- 
falo, NY 14225. 

TEXAS TUNER GUIDE 

Texas Tuner Service has announced. availa- 
bility of its new list of both new and rebuilt tun- 
ers for popular TV sets. Address: Texas Tun- 
er Service, 4210 N.E. 28th St., Fort Worth, 
TX 76117. 

NATIONAL MICROPROCESSOR 
REFERENCE GUIDE 

A reference guide to National Semiconduc- 
tor's 8080A microprocessor family of over 60 
bus -compatible parts is now available. The 
booklet gives an overview of National's 
8080A family, describing the basic functions 
of each component, the pin numbers and sig- 
nal names and how the components interface 
to National's system bus-the Microhus.TM A 
description of the 8080A CPU group, as well 
as its series of peripheral control, communi- 
cations. digital input/output, and memory 
components is included. Address: National 
Semiconductor Corp.. 2900 Semiconductor 
Dr., Santa Clara. CA 95051. 
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Now, whenever you'd like to give a circuit 
a try, you can build it up nearly as fast as you 
can dream it up with Super-StripsTM, the faster, easier 
and less expensive solderless breadboards from A P 

Products. When you build your circuit on a Super - 
Strip, everything stays as good as new. Once you're 
through, you can use everything again and again. In- 
stantly. Put a Super -Strip to work for you. Eight dis- 
tribution lines handle signal and power, and 128 five - 
tie -point terminals can handle 9 ICs and then some. 
It's a whole lot easier than printing a circuit 
and a whole lot handier than haywire. 

ril . ; 
Part 

Number 
Model 

Number 
Terminal 

Type 
Price 
Each 

923252 SS -2 nickel -silver $17.00 
923748 SS -1 gold-plated $24.95 

Order from your A P distributor today. Our distributor 
list is growing daily. For the name of the distributor 
nearest you call Toll -Free 800-321-9668. 

Send for our complete A P catalog, the Faster and 
Easier Book. 

A P PRODUCTS INCORPORATED 
Box 110 72 Corwin Drive Painesville, OH 44077 (216) 354-2101 TWX: 810-425-2250 
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Respect. Ifs been part of the Marines for over 200 years. It comes from a job well done_ And whether that job is 
leading a squad of 12 Marines,: or mastering á complex radar system. well make sure you get the skills todo it best If 
respect, is part of your job requirements. mail the card. Or call 800-423-2600. toll free. In California, 8')0-252-024L _ 
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The Few: 
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The Marines. - 
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It sounds 
like music 
An incredibly solid 30 Hz 
low end gives you bass 
response not found in any 
other speaker of this size. 
This is clean bass. It isn't 
phony. There is no"hump" 
around 80 Hz to give the 
impression of bass when 
there really isn't any. What's 
on your source material is 
what you're going to hear 
accurately. 

There is no sacrifice at the 
high end either. Both 
'front and rear -firing 
tweeters give you the 
uniform total acoustic 
power output that takes 
you into a"live-music" 
environment. 

When you buy your next 
pair of speakers, do your- 
self a favor - audition the. 
Interface:B's. If your criteria 
is musical accuracy, the 
Interfacé:B's are what 
you'll buy. 

Ey 

Electrolloice® 
a gujton company 

600 Cecil Street 
Buchanan, Michigan 49107 . 

box. The drive is a quartz -locked servo - 
controlled system, and the extremely 
unobtrusive base/subframe is said to 
have beneficial effects on resonance 
problems. A number of other new mod- 
els of a more conventional bent back up 
the DQX-500. There is also a new tone - 
arm, the MA -707, which can be mass - 
tuned to suit various cartridges. 

Kenwood's new turntables numbered 
two, a direct -drive and a belt -drive mod- 
el, the former employing Kenwood's res- 
in -concrete base and selling for an at- 
tractive $260. Kenwood also showed a 
new 125 -watt -per -channel receiver, the 
KR -8010, two new cassette decks, and 
four 2- and 3 -way speaker systems. 

Getting back to tape, the contributions 
of Teac for this show were four cassette 
decks and a replacement for the aston- 
ishingly popular A-3340 four -channel 
multitrack machine, the new A-3440. 
The foremost of the cassette units, the 
C-1, has three heads, three motors, 
solenoid switching, an attractive low -sil- 
houette rack -mountable front -panel, and 
an instrument -type support bracket for 
shelf installation. Optional dbx noise - 
reduction modules are available, as are 
interchangeable modules to match the 
deck's electronics to various tape types. 
Other new decks include three- and two - 
head models, one with automatic re- 
verse in playback. 

JBL announced it will now sell its pro- 
fessional line of monitor loudspeakers 
through selected hi-fi dealers, and also 
noted that the popular, recently discon- 
tinued L100 consumer loudspeaker will 
be replaced by the Model 4311, its pro- 
fessional counterpart. The company 
also introduced a new low -price speaker 
and an interesting new "state-of-the-art" 
design, the L220, the first deliberate at- 
tempt on JBL's part to align the acoustic 
centers of the various drivers for syn- 
chronized arrival times at the listener's 
ear. One design objective was to 
achieve this goal without breaking up 
the front -panel surface. 

Dynaco chose the show as the proper 
place to unveil its new "non -kit" series, 
beginning with four models sporting en- 
tirely new front -panel styling. There is a 
preamplifier, the Model 2510, a tuner 
with a varactor front end, and integrated 
and power amplifiers, each rated at 100 
watts per channel. Proposed price range 
is from $500 to $800. 

Transduction, Anyone? Thorens 
has integrated moving -coil cartridges 
with its Isotrack tonearms to create the 
TMC 63 and TMC 70, plug-in arm -car- 

tridge modules for the newer Thorens 
turntables. The company has also intro- 
duced two receivers, the AT -410 and 
AT -403, at 50 and 20 watts, respective- 
ly. Finally, the company also introduced 
two speaker systems, called "Sound 
Walls," about which absolutely no infor- 
mation was available at show time ex- 
cept for a nominal impedance of 4 ohms. 
Two new turntables, the TD -115C and 
TD -110C, both incorporating a new sus- 
pension system, should be noted. 

The Sonus cartridge line has been en- 
tirely revamped with models that have 
evolutionary improvements in new 
materials and techniques. A top -of -line 
series of three, the Sonus Golds, are 
identical except for stylus tip configura- 
tion, as are the two Sonus Silvers, which 
have somewhat lower compliance. Else- 
where in cartridges, ESS has recaptured 
the Dynavector moving -coil cartridge 
line and is pressing ahead with it. 

The day will surely come when new 
loudspeaker designs outnumber the 
people at one of these shows. To touch 
briefly on some of the highlights: Bozak, 
newly reorganized, has embarked on 
the phase/time-corrected approach with 
the LS -300, a $250 design that sounded 
quite respectable. Win Burhoe of The 
Little Speaker Company has come up 
with yet another new tweeter, a 1 -inch 
design with a compound diaphragm cur- 
vature and frequency -response and dis- 
persion characteristics confidently spec- 
ified up to 25,000 Hz. 

Cerwin-Vega has a remarkable look- 
ing new truncated -pyramid system that 
was being demonstrated with a sub- 
woofer-a cabinet containing an 18 -inch 
driver with the center of its cone bolted 
stationary. Cizek also had a new sub - 
woofer, employing two 10 -inch drivers in 
a sealed cabinet, as did Audioanalyst. I 

noted two new full -range electrostatic 
designs, the Acoustat Monitor and the 
"naked" Dayton -Wright, which not only 
lacks the gas -filled envelopes of the 
original but also any vestige of grille 
cloth or cabinetry. And an Israeli compa- 
ny marketing under the name of Ramko 
displayed a rather extensive line of 
mostly ported designs. 

If all this has proven too much for you, 
Bose can simplify your life with the Mod- 
el 360 compact system (really a pre- 
packaged turntable -receiver -speaker 
ensemble) that will take you back to the 
days of "buy it, plug it in, and listen." But 
whatever happens, don't let anyone ruin 
your day by springing on you the reason 
for the new GAS tuner's being named 
Charlie. Tuner = "tuna." Get it? O 
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tt am S 
are loaded with Octr s. 
DC 
Amplification. 
'improves 
reliability, 
expands 
frequency 
response, and 
reduces TH and 
IM distortion. 

Twin logarithmic 
Op Amp meters. 
Visually monitor 
the peak average 
power amplifier° 
output of each 
channel in both 

. watts and dBW. ° 

Mid -range 
control. 
In addition to the 
treble and bass 
controls, you can 
adjust the mid 
frequencies to add 
extra presence 
and richness. 

POWER 

A 

Attenuated 
volume control 
calibrated in°dB: 
Makes precise 
volume level 
selection and 
exact duplication 
of previous 
volume settings. 

Bi-modal - 

electro -sensor 
relay protectión. 
Protects amplifier 
as fuellas 
speakérs from all 
conceivable 
malfunctions. 

Complete tape 
monitoring and 
Iwo -way copy 
capability. 
Listen, record, 
monitor tir copy 
rrom Tape I, Tape 
II, Tuner, Aux, 
or two phono 
inputs 1n any 

Capacitance and 
impedañce - 

Atijtstinéiits: 
Maintain'acctiráté 
requéncy 
'responsé by' 
adjusting for 
various phono 
cartridge ° 
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t no extra cosh 
When you consider separates, you want 
all the extras you can get for your money. 
And no one gives you more than Scott. 

Just take our new 480A integrated 
amplifier. 85 watts per channel min. 
RMS, at 8 ohms from 20-20,000 Hz with 
no more than 0.03% THD. 

It's the only amplifier in its price 
class that gives you two independent 
phono preampso Now you can record 
one phono while listening to the other. 
Or vice versa. 

All our amps boast dozens of other 
advantages you simply can't find in com- 
parably priced units. Our state-of-the-art 
circuitry gives you plenty of power with 
very low distortion. And our features 
and functions give you full flexibility in 
producing the sound you like best. 

When you move up to separates, 
move up to Scott. Where all the extras 
don't cost extra. 
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New Scott 460A Integrated Amplifier 
70 watts per channel min. RMS, at 8 ohms from 
20-20,000 Hz with no more than 0.04%THD 

f`;.+ lh 
New Scott 440A Integrated Amplifier 
55 watts per channel min. RMS, at 8 ohms from 
20.20,000 Hz with no more than 0.05% THD 

' oqnttl ,R 

MIME ._Ti -__} 

II 
' ._ti ii --- 

i,-. 
New Scott 420A Integrated Amplifier 
40 watts pm channel min. RMS, at 8 ohms from 
20-20,000 Hz with no more than 0.08% 1110 

'Shown with optional rack mount handles. 
CIRCLE NO 53 ON FREE INFORMATION CARO 

Tw4Eindependent 
phono equalizer 
e -am 

° Usé phüno 
- inputs It the same 

,tinie listen PS one 
while recording - 

theother, óvice 
versa^Impossible, 
with other . 

comparably 
priced amps. 

Front Panel 
At essory-Switch. 
Cbhtrol,acceasory - 

;equipment with 
the flick of a switch. 

INPUT SELECTOR 

51ERE0 

Scott's unique, gold warranty cafd. Irídividuial , 
ized with your warranty, model and serial num- 
bers, -and expiration date. Scott's fully 
transferable, three-year parts and labor -limited 
warranty is your assurance of Ia'sting pleasure. 

E SCOTT 
Warranty Identification Card 

Warranty Number: 32461 
Model: 4800 Amplifier 

Serial Number: 403 8372/626 
Expiration Date: September '15, 1981 

For specifications -on our complete line of audio 
components, contact yoúr-nearest Scott dealer, or 
write H.H. Scott, Inc. Corporate Headquarters, ° 

20-K Commerce Way, Woburn, MA 01801. 
hi Canada: Paco Electronics, Ltd., Quebec, Canada. 

D SCOTT 
The Name to listen to.® 
Makers of high quality high fidelity equipment since 1947. 
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. . 'new' 
amplifier classes 

. . . represent 
efforts to 

combine high 
short-term 

power capability 
with a small 

power supply." 

Julian Hirsch 
Audio Report 

Audio Amplifier Classes 

SINCE the earliest days of vacuum - 
tube amplifiers, designers have 

been trying to increase amplifier 
efficiency without sacrificing perfor- 
mance quality. The first audio amplifi- 
ers used what we refer to as "class -A" 
operation, and were characterized by 
good linearity (freedom from distor- 
tion) and low efficiency. However, a 
considerable power input had to be 
supplied to the tube in order to obtain a 
relatively small useful output. Most of 
the power input (typically 75% to 80%) 
was dissipated as heat from the tube 
anodes; the result was a large, heavy 
and costly amplifier with low power 
output. 

From an electrical standpoint, a 
class -A amplifier stage is one which is 
biased to conduct current throughout 
the entire signal waveform cycle. It is 
never driven to saturation or to cut-off. 
The next step was to use two tubes in 
"push-pull," each biased to conduct 
during one half of the signal cycle. In 
other words, one tube amplified the 
positive half -cycles and the other 
amplified the negative half -cycles. This 
"class -B" amplifier design is much 
more efficient than a class -A amplifier 
since the tubes use little or no plate 
power while signal levels are low (a 
class -A amplifier draws the same pow- 
er from its supply whether or not a sig- 
nal is present). Under the most favor- 
able conditions, a class -B amplifier can 
be about 65% efficient. 

As a rule, a class -B amplifier has 
higher distortion than a class -A 
amplifier. The tube characteristics be- 
come nonlinear near the cut-off region, 
and it is difficult to match the two tubes 
so that their distortions cancel (as they 
do in an ideal case). To deal with this 
problem, they are usually biased to 
conduct for somewhat more than half a 

cycle, minimizing the crossover distor- 
tion that takes place during the transi- 
tion of conduction from one tube to the 
other. This bias condition is known as 
"class -AB" operation, and results in an 
operating efficiency intermediate be- 
tween that of class A and class B. 

Although we have used vacuum 
tubes in these examples, for historical 
perspective, the operation of transistor 
amplifiers is fundamentally the same. 
Practically all of today's high-fidelity 
power amplifiers use class -AB opera- 
tion in their output stages. They are de- 
signed to run at a fairly cool tempera- 
ture under low -signal conditions 
(which is the way home music system 
amplifiers operate most of the time) and 
to dissipate more heat from their output 
devices as the power output is in- 
creased. The adoption of the FTC rules 
on advertised power ratings a few years 
ago caused consternation among many 
amplifier manufacturers when it was 
found that the required one -hour pre- 
conditioning period in which the 
amplifier operates at one-third of rated 
power coincidentally placed a class -AB 
or class -B stage close to its condition of 
maximum power dissipation (which is 
at about 40% of full power). Not all 
amplifiers could withstand an hour of 
this treatment without overheating, so 
there was an industry -wide "beefing 
up" of output stages and heat dissipat- 
ing systems that speedily solved the 
problem. 

Among some audio purists, there is a 
tendency to return to pure class -A am- 
plification, sometimes in combination 
with novel circuits that attempt to re- 
duce the quiescent dissipation of the 
amplifier. Fairly high power levels are 
the norm today, and a class -A amplifier 
able to deliver more than 100 watts per 
channel is a formidable unit in regard 
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to size, weight, and price. The son- 
ic qualities of a fully class -A de- 
sign are still the subject of some 
debate, but their physical hulk and 
heat dissipation are not. 

More recently, two "new" 
amplifier classes appeared on the 
market in commercial form. Actu- 
ally. it is debatable whether they 
should be considered as bona fide 
"classes" of operation, but both 
represent efforts to combine a high 
short-term power capability with 
the smaller power supply and heat 
sink of a lower -power amplifier. 
These are not necessarily incom- 
patible conditions. As we men- 
tioned before, a hi-fi amplifier usu- 
ally operates at a small fraction of 
its full capability, and is only 
called upon to deliver full power 
peaks for brief, infrequent periods. 
The Hitachi "Class -G" amplifier 
and the Soundcraflsmen "Class - 
H" amplifier are two very different 
approaches to this problem. 

Both of the abo\ e are successful, 
although they work no miracles. 
By using a second set of output 
transistors, separately powered, to 
handle only the high-level por- 
tions of a signal waveform, Hitachi 
has been able to nearly double its 
long-term power for the brief peri- 
ods required by a music waveform. 
However, the key word is "brief," 
since the higher power can be 
maintained only for a matter of 
milliseconds. The Soundcraftsmen 
circuit increases the power supply 
voltages to a conventional output 
transistor configuration as re- 
quired to accommodate large volt- 
age swings, while keeping the 
voltage (and power dissipation) 
'relatively low during most of the 
time when high 'power is not re- 
quired. This amplifier can deliver 
its maximum power for a sus- 
tained period of time necessary, 
but is a relatively large. heavy 
amplifier. 

During the past several years, we 
have been hearing of the efforts of 
several manufacturers to develop 
switching amplifiers, often re- 
ferred to as "class D." In a class -D 
amplifier, the output devices are 
alvxays either fully on or cut-off. 
Such an amplifier dissipates very 
little power under low -signal con- 
ditions, since at cutoff there is no 

current flowing in the transistors, 
and in saturation the voltage drop 
across the transistor is very small. 
In an ideal case, there would be no 
power dissipated in the transis- 
tors. But even in practical amplifi- 
ers, the dissipation is far less than 
in any of the linear classes of 
amplifier operation. 

\\pith no input signal, the output 
of a class -D amplifier is a high -fre- 
quency square -wave signal. This 
serves as a carrier for the program 
information, which modulates the 
square -wave signal in any of a 

number of ways. Some of the pos- 
sible techniques include pulse - 
code modulation, pulse -frequency 
modulation, pulse -position modu- 
lation, and pulse -width modula- 
tion. The latter is one of the sim- 
pler methods. Here, the relative 
widths of the positive and negative 
port ions of the square -wave carrier 
are varied in accordance with the 
instantaneous amplitude and po- 
larity of the audio input signal. 
Since the carrier frequency is 
many times higher than the high- 
est modulation frequency, it can be 
removed at the amplifier output by 
a low-pass filter, leaving only the 
amplified signal waveform. This is 
the method used in the Sony TA - 
N88 PWM amplifier that is re- 
viewed here this month. 

Although output transistor lin- 
earity is no longer of any impor- 
tance in a class -D amplifier, this re- 
sponsibility has been transferred 
to the modulating circuit, which 
controls the pulse width in accord- 
ance with the input waveform. 
Any departure from ideal opera- 
tion here will have much the same 
effect as ordinary amplifier non- 
linearities in a class -AB amplifier. 
Also, the ideally high efficiency of 
a class -D amplifier can only be 
realized to the extent that its tran- 
sistors simulate a perfect switch, 
either full on or off. However, even 
in practical amplifiers it is possible 
to achieve impressive reductions 
in size and weight, as compared to 
any conventional linear amplifier 
of similar power ratings. 

Apparently, the most severe 
problem to he overcome in the de- 
sign of a class -D amplifier is not re- 
lated to its sound quality or ampli- 
fying performance. Containing, as 

it does, very powerful amplifiers 
which are continuously driven to 
their limits by square waves in the 
range of hundreds of kilohertz, a 

class -D amplifier must be shielded 
with extreme care. The carrier 
waveform has strong harmonics 
that extend into the hundreds of 
megahertz, posing a potential in- 
terference problem to FM and TV 
receivers. and the only harrier be- 
tween this waveform and the 
speaker output terminals is a low- 
pass filter. The extensive shielding 
and filtering that must be applied 
to all parts of a class -D amplifier 
give it many of the mechanical 
properties of a high grade laborato- 
ry r -f signal generator. These steps 
include seamless cast chassis, 
multiple layers of copper shield- 
ing, and extensive filtering of ev- 
ery lead going into or out of the 
cabinet-signal input, speaker out- 
puts. and ac line input. With these 
comes a high price, at least in the 
amplifiers shown so far. 

The Sony TA -N88 is the first 
commercial version of a class -D 
amplifier to reach us for testing. As 
our test data show, it is a most im- 
pressive device, when one consid- 
ers its power ratings in relation to 
its size and weight. Not only is it 
small and light, but under normal 
conditions it runs cooler than any 
conventional amplifier of compa- 
rable Mower ratings. 

Although our early sample of 
the TA -N88 exhibited a slight r -f 
radiation problem, we have no 
doubt that this is not typical of a 

normal production amplifier. We 
understand that Sony plans to in- 
corporate the class -D amplifier in 
some future receiver designs 
(where its size -reducing benefits 
would be obvious) and this would 
not be possible if r -f leakage could 
not be controlled. To us, the de- 
gree to which the harmonics of the 
switching waveform have been 
suppressed and contained is far 
more impressive than the small de- 
gree to which they have leaked 
out. Although a substantial price 
reduction will be required to make 
the class -D amplifier competitive 
with conventional linear amplifi- 
ers, technology is certain to pro- 
vide the means for that soon. 

(Audio Test Reports begin on page 32.) 
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"If you?re going to learn 
electronics, you might 
as well learn it right!" 
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"Don't settle for less. 
Especially when it comes 
to career training... because 
everything else in your life 
may depend on it. That's 
why you ought to pick CIE!" 



you've probably seen ad- 
vertisements from other 

electronics schools. Maybe you 
think they're all the same. 
They're not: 

CIE is the largest indepen- 
dent home study school in the 
world that specializes exclu- 
sively in electronics. 

Meet the Electronics 
Specialists. 

Mien you pick an electronics 
school, you're getting ready to invest 
some time and money. And your 
whole future depends on the educa- 
tion you get in return. 

That's why it makes so much 
sense to go with number one ... with 
the specialists ... with CIE! 

There's no such thing as 
bargain education. 

If you talked with some of our 
graduates, chances are you'd find a 
lot of them shopped around for their 
training. Not for the lowest priced 
but for the best. They pretty much 
knew what was available when they 
picked CIE as number one. 

We don't promise you the moon. 
We do promise you a proven way to 
build valuable career skills. The CIE 
faculty and staff are dedicated to 
that. When you graduate, your di- 
ploma shows employers you know 
what you're about. Today, it's pretty 
hard to put a price on that. 

Because we're special- 
ists, we have to stay 
ahead. 

At CIE, we've got a position of 
leadership to maintain. Here are 
some of the ways we hang onto it .. . 

Our step-by-step learning 
includes "hands-on" 
training. 

At CIE, we believe theory is 
important. And our famous 
Auto -Programmed® Lessons teach 
you the principles in logical steps. 

But professionals need more 
than theory. That's why some of our 
courses train you to use tools of the 
trade like a 5 MHz triggered -sweep, 
solid-state oscilloscope you build 
yourself- and use to practice trouble- 
shooting. Ora beauty of a 19 -inch 
diagonal Zenith solid-state color TV 
you use to perform actual service 
operations. 
Our specialists offer you 
personal attention. 

Sometimes, you may even have 
a question about a specific lesson. 
Fine. Write it down and mail it in. 
Our experts will answer you 
promptly in writing. You may even 
get the specialized knowledge of all 
the CIE specialists.And the answer 
you get becomes a part of your per- 
manent reference file. You may find 
this even better than having a class- 
room teacher. 

Pick the pace that's right 
for you. 

CIE understands people need 
to learn at their own pace. There's no 
pressure to keep up ... no slow 
learners hold you back. If you're a 
beginner, you start with the basics. 
If you already know some elec- 
tronics, you move ahead to your 
own level. 

Enjoy the promptness of 
CIE's "same day" grading 
cycle. 

When we receive your lesson 
before noon Monday through Satur- 
day, we grade it and mail it back - 
the same day. You find out quickly 
how well you're doing! 

CIE can prepare you for 
your FCC License. 

For some electronics jobs, you 
must have your FCC License. For 
others, employers often consider it a 
mark in your favor. Either way, it's 
government -certified proof of your 
specific knowledge and skills! 

More than half of CIE's courses 
prepare you to pass the government - 
administered exam. In continuing 
surveys, nearly 4 out of 5 CIE gradu- 
ates who take the exam get their 
Licenses! 
For professionals only. 

CIE training is not for the hobby- 
ist. It's for people who are willing to 
roll up their sleeves and go to work 

. to build a career. The work can be 
hard, sure. But the benefits are 
worth it. 
Send for more details 
and a FREE school 
catalog. 

Mail the card today. If it's gone, 
cut out and mail the coupon. You'll 
get a FREE school catalog plus com- 
plete information on independent 
home study. For your convenience, 
we'll try to have a CIE representa- 
tive contact you to answer any ques- 
tions you may have. 

Mail the card or the coupon or 
write CIE (mentioning name and 
date of this magazine) at: 1776 East 
17th Street, Cleveland, Ohio 44114. 

Patterns shown on TV and oscilloscope screens arc simulated. 

F - --- all MN-M1.MIMI--MI-ME-I 
CIECleveland Institute of Electronics, Inc. 
1776 East 17th Street, Cleveland, Ohio 44114 

Accredited Member National Home Study Connell 

I YES ...I want the best of everything! Send me my FREE CIE school 
catalog-including details about troubleshooting courses-plus my FREE package 
of home study information. PE -70 

Print Name 

Address Apt 

City 

State 
Age Phone (arc a rode ) 

lip 

Check box for G. I. Bill information: O Veteran O Active Duty 

MAIL TODAY: 



Audio Test Reports 

Sony Model TA -N88 Basic Power Amplifier 

HIRSCH- 
HOUCK 
LABS 
REPORT 

Sony's Model TA - 
N88 basic power 
amplifier has a 

160-watt/channel 
rating into 8 -ohm 

loads from 20 to 20,000 Hz at no more 
than 0.5% THD. The novel aspect about 
this amplifier, however, is not in what it 

does, but in how it does it. This is a 

pulse -width -modulated (also called 
class D) amplifier! 

Except for its input stage, it has no 
conventional linear amplifier circuits. 
High-speed vertical FET's (VFET's) am- 
plify a 500 -kHz square -wave signal 
whose width (duty cycle) varies in pro- 
portion to the amplitude of the signal. 
The switching frequency is removed 
from the amplifier's output by a low-pass 
filter, leaving a greatly amplified audio 
signal to drive the speaker systems. 

The amplifier is powered by a novel 
switching power supply that operates at 
a nominal frequency of 20,000 Hz. The 
space and weight saved in power trans- 
former and filter capacitors at this fre- 
quency, compared to a conventional 
60 -Hz power supply, are considerable. 
The result is a high -power amplifier that 
is smaller than many preamplifiers and 
not much heavier. The Model TA -N88 
amplifier measures 18'/s"W x 141/4"D x 
31/4"H (47.9 x 36.2 x 7.9 cm) and 
weighs 23 lb (10.4 kg). Suggested retail 
price is $1000. 

General Description. The compact 
size of the amplifier is made possible by 
the high efficiency of its circuits. The cir- 
cuits do not require the usual large heat 
sinks to dissipate heat from the output 
transistors and power supply compo- 
nents. In fact, there are no visibly identi- 
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"Class D" 
pulse -width -modulated 
power amplifier 
delivers 160 watts/channel 
and is smaller 
than many preamplifiers. 

fiable heat sinks internally or externally. 
The eight vertical FET's (VFET's) that 
make up the output circuit and other 
heat -producing components are ther- 
mally coupled to a rugged die casting 
that forms a chassis pan and acts as an 
r -f shield for the amplifier. In the power 
supply section, a tiny ferrite -core power 
transformer operates at about 20,000 
Hz instead of the usual 60 Hz. This 
means that correspondingly smaller fil- 
ter capacitors are needed to filter the ul- 
trasonic ripple from the dc output. 

The amplifier's Pulse -Locked Power 
Supply (PLPS) is said to reduce the volt- 
age variation to 1% or less. (The varia- 
tion in power supply voltage in most am- 
plifiers can be as great as 10%.) This 
limits the possibility of hum, enhances 
transient response, and helps to provide 
a well-defined bass. 

Multiple protection circuits are used 
throughout the amplifier. Current sen- 
sors shut down the input drive to the am- 
plifier in less than 1 u.s in the event 
excessive current is drawn by the output 
transistors. This is accomplished by a 

fast -acting FET attenuator in the input 
stage. The temperature of the output 
transistors is also monitored. If it be- 
comes excessive or if a significant dc 
component appears at the speaker out- 
put terminals, the amplifier is shut down 
and the speakers are disconnected by a 

relay. (This relay also provides a few 
seconds of delay when the amplifier is 

initially turned on to prevent transients 
from reaching the speakers.) A separate 
thermal protection system shuts down 
the power supply's transistors if they be- 
come too hot, a condition that can occur 
only following long periods of operation 
at full power. 

The input and output connectors for 
the amplifier are located on the sides of 
the cabinet. Only the socket for the plug- 
in ac power cord is located on the rear 
apron. The input connectors are gold 
plated, and a somewhat unconventional 
insulated pressure connector makes 
very positive contact with the stripped 
ends of the speaker cables. 

The amplifier is completely devoid of 
such adornments as meters, lights, con- 
trol knobs, and switches that are cur- 
rently a part of conventional amplifier 
styling. Its front panel contains only a 

small rotary POWER switch and a barely 
visible power -on indicator. Metric hex - 
head screws discourage casual removal 
of the side panels and protective covers. 
We removed the bottom plate, but all we 
were able to see was a heavy copper 
shield plate fastened to the cast alumi- 
num chassis with an impressive number 
of screws. This, of course, is necessary 
to maintain the r -f shielding integrity of 
the amplifier. 

Laboratory Measurements. Unlike 
conventional amplifiers, the Model TA - 
N88 does not dissipate its maximum 
power at about 40% of its rated output. It 

runs coolest under no -signal conditions, 
and its power dissipation rises steadily 
with increasing output power. When we 
subjected the amplifier to the FTC pre- 
conditioning period of 1 hour at 33% rat- 
ed power (about 53 watts into 8 ohms), it 

became quite warm due to its small size 
and lack of heat sinks. But it was no hot- 
ter than most similarly rated power am- 
plifiers of conventional design, with large 
heat sinks. 

The 1000 -Hz THD was about 0.01% 
at 1 watt. It increased smoothly with in - 
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creasing power to 0.04% at 100 watts, to 

0.075% at the rated 160 watts, and to 

0.1% at 180 watts. The output waveform 
clipped at 200 watts/channel. We no- 
ticed a small burst of high -frequency sig- 
nal, apparently at the 500 -kHz switching 
rate, on the peaks of the audio signal 
when the output exceeded 150 or 160 

watts/channel. 
A spectrum analyzer examination of 

low-level distortion was made to check 
out a detectable amount of r -f leakage 
from the pulse signals in the power sup- 
ply and amplifier circuits. We detected 
components at 23,000 and 46,000 Hz in 

the speaker outputs. There were doubt- 
lessly higher harmonics above the 
50,000 -Hz upper limit of the analyzer. 
Each of the components we saw was 

about 72 dB below 1 watt. 
The IM distortion varied in much the 

same way as the harmonic distortion 
over the power range of the amplifier. It 

was 0.011% at 0.1 watt, 0.115% at 160 

watts, and 0.17% at 180 watts. The am- 

plifier was stable with capacitive loads 
up to 2 in parallel with an 8 -ohm re- 

sistor load. In fact, we found it beneficial 
to use about 0.22µF across the speaker 
outputs to reduce the level of 500 -kHz 
leakage that was present in sufficient 
amounts to affect our low-level distortion 
measurements. (The output reading on 

a wideband voltmeter was 100 mV with 
no signal input.) 

Although the amplifier is rated primari- 
ly for use with 8 -ohm loads (with 16 

ohms a maximum figure), we checked 
its performance with 4- and 16 -ohm 
loads. The amplifier delivered 138 
watts per channel into 16 ohms. 

When we checked it with 4 -ohm loads, 
the protective circuits shut down the am- 
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plifier at 182 watts, before any visible 

waveform clipping occurred. An input 

signal level of 0.11 volt drove the amplifi- 

er to a 1 -watt output. Amplifier noise in 

the audio band, unweighted, was 160 

µV, or 85 dB below 1 watt. 
The distortion at rated power was less 

than 0.04% from 20 to 1000 Hz. It rose 

to 0.15% at 2000 Hz, 0.24% at 10,000 

Hz, and 0.43% at 20,000 Hz, At half and 

one -tenth power, the distortion curves 
were similar, but the measured values 

were lower. The IHF clipping headroom, 

referred to 160 watts, was 1.0 dB, and 
the dynamic headroom was 1.83 dB. 
(The output on a 20 -ms burst was 244 
watts at the clipping point.) The output 
with a 1000 -Hz square -wave input sig- 
nal revealed a few cycles of ringing at an 

ultrasonic frequency, and we observed a 

4-ps risetime. The slew rate of the am- 
plifier was 6 V/ µs. 

The low-level frequency response of 
the amplifier was flat within +0/ - 0.4 dB 
from 5 to 10,000 Hz. It was -1.6 dB at 
20,000 Hz and +1,6 dB at 40,000 Hz. 

Performance Specifications 

Specification 

Power output (8 ohms) 

Harmonic distortion 

IM distortion 

Frequency response 

S/N ratio 

Damping factor 

Input 

Output 

Rating 

160 watts per channel, 
20-20,000 Hz at less than 
0.5% THD 

Less than 0.5% at rated output 

Less than 0.1% at rated output 

5 Hz to 40 kHz, +0.5/-1 dB 
(8 ohms) 

Noise less than 1.00 p.V 

(8 ohms, A -weighted) 

20 (8 ohms at 1000 Hz) 

1.4 V for rated output 
50,000 ohms 

Speakers, 8-16 ohms 

Measured 

Confirmed 

0.43% (20,000 Hz) 

0.115% 

±1.6dB 

160 µV unweighted 
(audio band) 

Not Measured 

0.11 V for 1 watt 
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Product Focus 

Sony's Model TA -N88 is a class -D am- 
plifier that employs pulse width modula- 
tion (PWM). Class -D circuits function like 
switches. They are either fully on or com- 
pletely cut off. Consequently, there is no 
wasted energy. The circuits convert rela- 
tive amplitude into time. The higher the 
amplitude of a signal, the longer the time 
during which current flows. This time is 
called the "pulse width." The output from 
the Class -D system is a train of square 
waves of varying widths. 

An internal 500 -kHz oscillator, common 
to both channels, develops a carrier that is 
converted to a square -wave signal by a 

differential clipping amplifier. It is then 
converted to a sawtooth waveform by an 
integrator and summed linearly with the 
audio input signal. The composite signal 
is continuously compared to a precision 
reference voltage in the next stage. The 
output of the comparator is a square -wave 
signal whose duty cycle is determined by 
the instantaneous amplitude and polarity 
of the input signal's waveform. 

After further amplification, the PWM sig- 
nal drives an output stage that consists of 

INPUT 

Input 
h'gh.speed 

tnue for 

four vertical-FET (VFET) transistors con- 
nected in push-pull parallel. The VFET's 
are driven into saturation and cutoff by the 
PWM signal. They have a very fast (50-ns) 
switching time. The 160 -volt peak -to -peak 
output square -wave signal then goes 
through a low-pass filter that removes the 
ultrasonic component, leaving the ampli- 
fied audio signal to drive the speaker sys- 
tems. Since the passband's flatness di- 
rectly affects the amplifier's overall fre- 
quency response, the filter is designed to 
have a flat response to 40,000 Hz when 
terminated in 8 ohms and to have a high 
rejection at 500 kHz and above. 

The amplifier is operated from a 

high -frequency switching power supply 
that eliminates the need for a heavy power 
transformer and huge filter capacitors that 
are part of every conventional high -power 
amplifier. The ac line voltage goes directly 
to a rectifier that supplies a dc output be- 
tween 110 and 140 volts. After passing 
through a switching voltage regulator, 
which maintains a constant 110 -volt dc 
output, it powers a 20 -kHz oscillator 
whose circuit includes a ferrite -core trans - 

500k Fla curie 
oscillator 
circuit 

Integrator 
Circuit 
ryrT1 

No signal 

Highs peed 
o<pa'etc, 

11S- 
\\ \ In.s:gnal PWM waveform 

Ák1A1 \ ALI- \ 
S 2 sec \\ 

+seJ 

\ 

VFET 
gatedrive 
Circuit 

V-FETs 

former. A winding on this transformer sup- 
plies the feedback control voltage to the 
regulator stage so that the voltage in- 
duced into its other secondary windings is 

maintained constant over a wide range of 
line -voltage variations. (The transformer 
and oscillator are capable of supplying far 
more power than the amplifier circuits 
ever require, and there is no problem with 
regulation during changes in load imped- 
ance.) The output of the principal second- 
ary winding is rectified by a second rectifi- 
er to produce ±80 volts dc for the VFET's. 
Other windings supply lower voltages to 
the other stages in the amplifier. 

Compared to a conventional 60 -Hz 
power supply, the switching supply in this 
amplifier is far lighter and smaller. Like the 
amplifier itself, however, the power supply 
must be carefully shielded and filtered to 
prevent harmonics of the 20 -kHz switch- 
ing frequency from leaking out. Because 
the power supply is a true dc -to -dc con- 
verter, it can operate with equal effective- 
ness from ac line inputs of 90 to 130 volts 
over a power frequency range from 50 to 

400 Hz or a 110 -to -140 -volt dc supply. 

1ci 

Current 

1 

QfSOY 

Thermal 
sensor 

sensor 

r 

signal Output. 

Block diagram of power amplifier showing push-pull parallel VFET's. 
Analog input is converted to variable -width pulses to drive power 
output stage, after which low-pass filter removes carrier component. 

Power supply accepts ac or dc input and uses switching 
voltage regulator to drive 20 -kHz power oscillator. 

Ac (or dc) input 

20m sec 

(S0Na) 

Switching voltage/ 
regulator / 

Pultr width 
control logic 
circuit 

Sync 2009, 

Thermal 
Senior 

Starling 
v urt 

50 sec 
(204!4) 

Ferrite core transformer 
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Sawtooth 
generator 

Input 

Comparator 
circuit 

© 

Filter circuit 

Output 
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Sawtooth waveform 

Audio -frequency signal (input) 

\ 9111911 

Combined waveform of sawtooth and audio frequenc signals 

11111 11 11 I I I 1 ILL 
1 1 III11 1III1 

PWM waveform 

I 

Audio -frequency signal (output) 

Basic block diagram and waveforms resulting from pulse -width modulation. 

These measurements were made with 
an 8 -ohm resistive load. There were ad- 
ditional response "ripples" at higher fre- 
quencies, to +3.9 dB at 50,000 Hz and 
-4.1 dB at 100 kHz. 

User Comment. The amplifier was 
impressively cool in normal operation. In 

fact, after hours of driving low -efficiency 
4 -ohm speaker systems to rather high 
levels, its exterior was almost cool. 

The amplifier's sound was as conven- 
tional as its circuits are unconventional. 
We found no peculiarities or distinguish- 
ing characteristics in its sound quality, 
which was clean and free from extrane- 
ous noises and obviously backed by 
considerable power. There were no 

turn -on or turn-off transients. Since it re- 
quires no particular amount of ventila- 
tion and does not become hot in use, it 

could presumably be placed in some lo- 
cation where a conventional amplifier 
could not be safely operated. 

We did discover a weakness in the 
behavior of our amplifier test sample. It 

radiated enough energy at harmonics of 
the switching frequencies to interfere 
with radio reception under some condi- 
tions. The harmonics of the power sup- 
ply circuitry's frequency produced "bird- 
ies" every 2:3 kHz across the AM broad- 
cast band. And there was enough high - 
order harmonic output from the amplifi- 
er's switching frequency to cause 
"hash" in the background of malty FM 

signals as well. These effects were audi- 
ble only when the receiving antenna, an 
indoor dipole, was within a few feet of 
the unshielded speaker cables. Locating 
the tuner and amplifier across the room 
from the speaker systems so that the ca- 
bles did not come close to the antenna 
cured the problem, even though the tun- 
er and amplifier were within a few feet of 
each other. The noise remained on AM, 
however. 

We have been assured by Sony that 
this is not typical behavior of the Model 
TA -N88 amplifier. (Our test model had a 

very low serial number and was evident- 
ly from a pilot production run.) 

Some people who have become ac- 
customed to the unmeasurably low dis- 
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tortion and frequency -response varia- 
tions of some of the better conventional 
separate power amplifiers may look 
askance at the specifications of the 
Model TA -N88 amplifier. Its frequency 
response, unlike that of an ideal linear 
amplifier, can be directly affected to 
some degree by the variations in speak- 
er -system impedance that occur at the 
higher end of the audio range. These 
variations might or might not be detect- 
able in an A -B comparison against other 
amplifiers with some speaker systems. 
Even if they were detectable, there is no 
reason to assume that they would de- 
tract from the sound quality of the sys- 
tem. To us, there was no evidence of 

any response aberrations when listening 
to the amplifier with several types of 
speaker systems, although we did not 
attempt to make A -B comparisons with 
other amplifiers. Similarly, the high -fre- 
quency harmonic distortion, although it 

was greater than we have measured in 

other top-ranking amplifiers, is still well 
below the threshold of audibility. Anyone 
who is more concerned with sound than 
with specifications will find little to criti- 
cize in the performance of the Model TA - 
N88 amplifier. 

We believe that the significance of this 
amplifier is not in its actual performance 
(which is fine), but in its small size, cool 
operation, and in what it portends for the 

CIRCLE NO 101 ON FREE INFORMATION CARO 

future. It is really remarkable to see and 
hear how much clean audio power can 
be delivered by this very compact piece 
of equipment. The amp can be stowed in 

small spaces where no other type can. 
Accordingly, we can visualize a high - 
power receiver in the near future with a 

pulse -width -modulation amplifier tucked 
away into its compact interior. It is obvi- 
ous, however, that a sizable price reduc- 
tion will be required for such amplifiers 
to come into common use, but we are 
confident that technology will provide an 
answer to this in due course. Mean- 
while, our compliments to Sony's re- 
search and development engineers in 

Shibaura, Tokyo. 

Electro -Voice Interface: B Series II Speaker System 

H9RSCH- 
HOUCK 

Electro -Voice's Inter- 
face series was 
among the first com- 
mercial speaker sys- 
tems to be based on 

the analysis of vented loudspeaker op- 
eration published by the Australian A.N. 
Thiele. Thiele showed how to establish 
the detailed interrelationships between 
enclosure volume, port dimensions, 
low -frequency response, speaker effi- 
ciency, and driver parameters. His work 
effectively dispelled the belief that vent- 
ed (bass -reflex) enclosures were neces- 
sarily an inferior approach to generating 
clean low -frequency audio. 

When the original E -V Interface:A ap- 
peared several years ago, it was widely 
recognized for the fine bass perfor- 
mance it delivered from a very small en- 
closure, with assistance from an out- 
board equalizer. E -V later added the In- 
terface:B, which was larger and more ef- 

High -efficiency, 
vented, floor 
speaker system 
uses passive 
radiator and equalizer 
for extended 
bass response. 

ficient than the Interface:A. Now, the In- 

terface line has been expanded and in - 
proved. It consists of four models desig- 
nated as the "Series II." 

The Interface:B Series II reviewed 
here is a medium -size floor -standing 
speaker system that's sold in pairs with 
a separate, special-purpose equalizer. 
Compared to the original Interface:B, 
the Series II's midrange response is flat- 
ter, and its deep -bass response is slight- 
ly better. It's also somewhat larger. The 
system's walnut -finished cabinet mea- 
sures 291/4"H x 16"W x 101/4"D (74.3 x 
40.6 x 26 cm) and weighs 42 lb (19.1 
kg). The suggested retail price of a com- 
plete Interface:B Series II stereo speak- 
er system, consisting of two speaker 
systems and an equalizer, is $675. 

General Description. The Series II 

is basically a two-way speaker system. It 
contains an 8" (20.3 -cm) woofer that 

crosses over at 1500 Hz to a 211" (6.35 - 
cm) tweeter. This tweeter radiates 
through a felt- and plastic -foam acoustic 
lens to improve its dispersion at high fre- 
quencies. A second similar tweeter, this 
time without the lens, radiates from the 
rear of the enclosure at frequencies 
beyond 8000 Hz to augment the output 
in the highest audible octave. 

The Series II is a vented system. To 
obtain the desired 30 -Hz bass response 
in an enclosure of its compact size, how- 
ever, would normally require an impossi- 
bly large vent. E -V's solution, following 
Thiele's guidelines, has been to use 
what the company calls a "vent substi- 
tute," or passive radiator, instead of an 

open port. The passive radiator looks 
much like a conventional 12" (30.5 -cm) 
driver sans voice coil and magnet, but 
with a large metal plug in its center to in- 
crease its mass. The effective acoustic 
crossover from the 8" driven woofer to 
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We've done the impossible again! 
A versatile and superior 
frequency counter kit for only $89.95 

b.3S '"."' 

sabtr-riles ita 
915 FREOUENCY 

COUNTER 

Ulltl l:1 
PRf 51: 

, J 
Gall IIMF 

LOS is 
O l$ 

Now you can forget about price/performance trade-offs 
when you select a frequency counter. In Sabtronics' 
Model 8100 you get features you once expected to pay 
several hundreds of dollars for. But you pay only our low, 
low price of $89.95! 

Dare to Compare. This frequency counter, using LSI 
technology, has the performance and input character- 
istics you demand. Note the specifications: You will see 
that the frequency range is guaranteed all the way to 
100 MHz; and a high or low input impedance allows you 
to select for high -frequency operation. And you'll see a 
sensitivity that holds well over the frequency range; con- 
venient selectable gate -time for best resolution; and 
selectable attenuation; and even an optional pre -scaler. 
Note the highly accurate time base, and its excellent 
ageing and temperature characteristics. And a full 8 -digit 
LED display with floating decimal point, leading zero 
suppression, and overflow indicator. 

You would expect to find all these features together only 
on a much higher -priced instrument. But Sabtronics' ad- 
vanced digital technology combines with your own skill - you assemble this kit from our easy -to -follow instruc- 
tions - to make it possible for you to have this fine 
frequency counter at a fraction of what you would other- 
wise expect to pay. 

Free 10 -day trial 
Examine the 8100 Frequency Counter Kit for 10 days. If 

not completely satisfied, return unassembled for full 
refund of $89.95 purchase price. 

sab 7nics 
INTERNATIONAL INC 

13428 Floyd Circle Dallas, Texas 75243 
Telephone 214/783-0994 

AIIFNIIAIUR 
K10O 

N10 
xF 

Brief Specifications 
Frequency Range: 20 Hz to 100 MHz guaranteed (10 

Hz to 120 MHz typical) Sensitivity: 25 mV RMS, 20 Hz 
to 70 MHz (20 mV typical); 45 mV RMS, 70 MHz to 120 
MHz (30 mV typical) Selectable Impedance: 1 Me at 
25 pF, or 50 S2 Selectable Attenuation: X1, X10, or X100 

Accuracy: ± 1 Hz plus time -base accuracy Ageing 
rate: ± 5 ppm/yr Temperature stability: = 10 ppm, 0° 
to 50°C Selectable Gate -time: 0.1 sec, 1 sec., or 10 
sec. 8 -digit LED display with floating D.P., overflow 
indication Input: 9-15 VDC, 350 mA (550 mA with op- 
tional prescaler) Input protection: 150 V RMS, 20 Hz to 
10 kHz; 30 V RMS to 2 MHz; and 3 V RMS to 100 MHz 

Optional prescaler extends frequency range to 650 MHz. 
(Available soon) 

r 
To: Sabtronics International, Inc. PE 9 

13426 Floyd Circle, Dallas, TX 75243 

Please send me Sabtronics Model 8100 
Frequency Counter Kit(s) at $89.95 each $ 

Texas Residents add Sales Tax $ 

Shipping and handling, $5.00 per unit 
(USA only)' $ 

Payment enclosed $ 

Charge my Master Charge 
Visa 

Account No. - Exp. Date 

Name 

Street 

City 

State Zip 
Canada $6.50. All other countries $19.00 Airmail. 
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Advanced Electronic Career 

ANNOUNC NG 
. A New 

CREÍ Program: 
Inicornputer & 

croproc E 

Technology 
Including A 

!.croproc 
Laboratory 

Now you can learn at home 
the new technology that is 
revolutionizing electronics 

The microprocessor has ushered in the 
age of microtechnology and electronics 
will never again be the same. The micro- 
processor has made possible the placing 
of an entire computer on a silicon chip 
one quarter inch square. The microproc- 
essor "miracle chip" is in the process of 
changing the world. Soon all technical 
personnel in electronics will have to un- 
derstand and work with the microproc- 
essor. It is invading virtually every area 
of electronics. And it is profoundly affect- 
ing your electronics career. 

Brand New 
Program 
CREI has a brand new program to help 
you learn how to work effectively with 
this revolutionary electronics develop- 
ment. CREI's new program in Minicom- 
puter and Microprocessor Technology is 
designed to prepare you for this field by 
giving you the education and practical 
experience you need. 

The program provides solid prepara- 
tion in electronics engineering technol- 
ogy with a specialization in minicomput- 
ers and microprocessors. In addition, 
it includes a microprocessor laboratory 
which features a fully programmable 
microcomputer which utilizes the Mo- 
torola 6802 microprocessor chip. This 
is an extremely important element of 
your program. 

Programming 
Essential 
As you may well know, you must learn 
how to program the microprocessor in 
order to design, service or troubleshoot 
microprocessor electronic systems. 
There is only one effective way to learn 
this all-important skill of programming, 
and that is by actually doing it. CREI's 
new program gives you this opportunity 
as you work with the exciting micro- 
processor laboratory. 

Programming 
Is Easy 
With CREI's new program, learning the 
skill of programming is simple. Within a 
few hours you'll be programming the 
microprocessor and in a short time you'll 
learn how to program it in three lan- 
guages: BASIC, assembly and machine 
languages. In addition, you will learn 
how to interface the microprocessor 
with other systems and to test and debug 
specialized programs. 
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Preparation at Home 

Wide Choice 
of Programs 
Please note, however, that CREI's new 
program is only one of 16 state-of-the- 
art programs in advanced electronic 
technology offered by CREI. So even if 
you choose not to specialize in micro- 
processor technology. CREI has an ad- 
vanced electronics program to meet your 
needs. 

With CREI, you may choose from any 
of the following areas of specialization in 
advanced electronics: 

Microprocessor Technology 
Computer Engineering 
Communications Engineering 
Digital Communications 
Electronic Systems 
Automatic Controls 
Industrial Electronics 
Television Engineering 
Microwave Engineering 
Cable Television 
Radar and Sonar 
Nuclear Instrumentation 
Satellite Communications 
Aeronautical and Navigational 
Solid State Theory 
Nuclear Engineering 

Unique Lab 
Program 
An exclusive option available with CREI 
programs in electronic engineering tech- 
nology is CREI's unique Electronic De- 
sign Laboratory program. It gives you 
actual experience in designing practical 
electronic circuits. It also helps you 
to understand the theories of advanced 
electronics and gives you extensive ex- 
perience in such areas as tests and mea- 
surements, breadboarding, prototype 
construction, circuit operation and be- 
havior. characteristics of electronics 
components and how to apply integrated 
circuits. Only CREI offers this unique 
Lab Program. 

Practical 
Engineering 
CREI programs give you a practical en- 
gineering knowledge of electronics. That 
is. each part of your training is planned 
for your "use on the job." By using your 
training, you reinforce the learning proc- 
ess. And by demonstrating your in- 
creased knowledge to your employer. 
you may qualify for faster career ad- 
vancement. 

Free Book 
There isn't room here to give you all of 
the facts about career opportunities in 
advanced electronics and how CREI 
prepares you for them. So we invite you 
to send for our free catalog. This fully 
illustrated. 56 page book describes in 
detail the programs, equipment and serv- 
ices of CREI. 

Tn. 

Qualifications 
You may be eligible to take a CREI 
college -level program in electronics if 
you are a high school graduate (or the 
true equivalent) and have previous train- 
ing or experience in electronics. Program 
arrangements are available depending 
upon whether you have extensive or 
minimum experience in electronics. 

Send for this FREE Book 
describing your 'opportunities 
and CREI: college -level 
programs in electronics 

Study Programs in 
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the passive cone is at 42 Hz. 
To obtain the desired bass response 

from this combination of radiators would 
normally require an enclosure with 
about twice the volume of that used for 
the Series II. To circumvent this prob- 
lem, E -V uses an equalizer that boosts 
the bass response by 6 dB at 35 Hz and 
has a gradual and mild high -frequency 
boost to flatten out the overall response. 
(Three different high -frequency re- 
sponse curves are selected by a switch 
on the equalizer's panel.) 

The unity -gain equalizer can be con- 
nected into the tape -monitoring loop of 
an amplifier or between the preamplifier 
and power amplifier. It has a duplicate 
set of tape -monitor jacks and a switch so 
that the monitoring function is not lost if 

the equalizer is inserted in the tape path. 
The equalizer has negligible noise and 
distortion and accepts up to a 7 -volt in- 
put in the midrange without distortion. 

Another important function of the 
equalizer is to sharply reduce the sys- 
tem's response at infrasonic frequencies 
below 30 Hz, which is the system's de- 
signed lower limit. Otherwise, a large - 
amplitude low -frequency signal, such as 
might occur if a pickup were dropped 
onto a record with the volume control 
turned up, could damage the woofer. (A 
vented woofer is not loaded by the air in 
the room at very low frequencies.) 

One of the benefits of a vented sys- 
tem is its relatively high efficiency, com- 
pared to an acoustic -suspension sys- 
tem. The Series II is claimed to be at 
least 6 dB more efficient than a compa- 
rable acoustic -suspension speaker sys- 
tem, yet is said to be able to handle the 
full output of a 200 -watt amplifier in the 
midrange without being damaged. Built 
into each speaker system is a tweeter 
"protector" that consists of a bridge rec- 
tifier whose output operates a fast - 
acting relay. When the relay trips, it in- 
stantly reduces the drive level to the 
tweeter. The time constant of the protec- 
tive circuit has been set to pass tran- 
sients of less than 10 ms duration, re- 
gardless of their amplitude, but to trip at 
much lower levels on sustained high -fre- 
quency signals. When the protector 
trips, a light comes on at the lower right 
corner of the grille. Since its effect is 
only to reduce the high -frequency level 
rather than interrupt it completely, it has 
a small audible effect. 

The nominal rated impedance of the 
lnterface:B Series II speaker system is 8 
ohms. Its minimum rated is 5 ohms. 

Laboratory Measurements. We 
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Tone -burst responses (from left to right) at 100, 1000 and 10.000 Hz. 

measured the system's frequency re- 
sponse in the semireverberant field of 
our listening room. We then averaged 
the response curves from the two driv- 
ers to obtain a total response curve. The 
low -frequency response was measured 
with close microphone spacing to sirru- 
late anechoic chamber conditions. At all 
times, our pair of speaker systems was 
driven through the equalizer to allow us 
to test the performance of the complete 
system. 

With the high -frequency level on the 
equalizer set to the 0 -dB maximum, the 
overall response was within ±3 dB from 
33 to 18,500 Hz, which was remarkably 
close to E -V's specification. The 
high -frequency dispersion was excel- 
lent, with only about 3 dB difference be- 
tween the response curves taken on - 
axis and 30° off -axis at frequencies 
beyond 10,000 Hz. 

We measured the frequency re- 
sponse of the equalizer separately. It, 

too, closely matched the published 
specification. The effective acoustic 
crossover between the driven woofer 
and the passive radiator was at 45 Hz. 
There was a slight bass peak of 2 to 3 

dB at 70 Hz. Otherwise, the response 
was very smooth, and there was close 
agreement between the bass and mid- 
range/high-frequency curves when they 
were matched. In particular, we were 
struck by the flat response of ± 1.5 dB 
from 80 to 10,000 Hz, with no sign of the 
lower -midrange peak or dip that colors 
the sound of many speaker systems. 

When we drove the speaker system 
with a constant -amplitude input voltage 
(at the equalizer input), corresponding to 
a 1 -watt speaker drive in the midrange, 
the system's distortion was less than 1% 
between 50 and 100 Hz. The distortion 
rose slowly to 2% at 40 Hz and 8.5% at 
20 Hz. A 10 -dB increase in drive level 
raised the distortion to 1.7% at 100 Hz 
and to 4.5% at 30 Hz before it rose 
sharply at lower frequencies. The distor- 
tion was measured at the driven cone for 
frequencies beyond 50 Hz and at the 
passive cone at frequencies below 40 
Hz, where the passive cone contrib- 
utes most of the output. 

The speaker system's impedance, ac- 
cording to our measurements, should be 
rated at 4 ohms, which was the mea- 
sured value at 33 Hz and between 150 
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Performance Specifications 

Specification 
Frequency response 

(anechoic) 
Total acoustic power output 

(SPL at 1 meter, 1 W in.) 
Recommended amplifier power 
Long-term average power 

handling capacities 
30-1500 Hz 
1500-20,000 Hz 

Crossover frequencies 

Impedance: nominal 
minimum 

Equalizer 
Midband gain 
Maximum equalization 
Maximum input signal 

80-3000 Hz 
35-20,000 Hz 

Noise output (20-20,000 Hz) 
THD (3.5 V rms input) 

Accessory outlet 
Dimensions 

Rating 
30-18,000 Hz ±3 dB 

92 dB 

3.6 to 200 watts 

20 watts 
20 watts, to 
5 watts/ 10 kHz 
42 Hz (acoustic) 
1500 Hz and 800 Hz 

(electrical) 
8 ohms 
5 ohms 

Measured 
33-18,500 Hz ±3 dB 

92.5 dB 

4 ohms 
4 ohms 

1.0 
6 dB (a 35 Hz fixed Confirmed 

7 volts 
3.5 volts 
-80 dB re 200 mV 
Less than 0.05% 
20-20,000 Hz 
200 watts, unswitched 
2 x 8 x 7 in. 

and 200 Hz. The impedance was 12 

ohms at the 22 -Hz lower -bass reso- 
nance, 20 ohms at 58 Hz, and 18 ohms 
at 2200 Hz. At other frequencies, it was 
typically 7 to 8 ohms. The system's tone - 
burst response, although not exception- 
al, was good throughout. Its efficiency 
was very high, as claimed: An input of 

2.8 volts of random noise in the octave 
centered at 1000 Hz, corresponding to 1 

watt into 8 ohms, produced a 92.5 -dB 
sound pressure level (SPL) at a distance 
of 1 meter from the grille. 

User Comment. Before we measured 
the response of this speaker system, we 
spent some time listening to it alone and 
in comparisons with other good speaker 
systems we had on hand. Hence, our 
test results came as no surprise. 

This speaker system has a delightfully 
smooth and transparent sound. Many if 

not most speaker systems have suffi- 
cient coloration in the lower midrange 
and upper -bass range, between 80 and 
200 Hz, to make voices sound unnatural 
and in general impair the clarity of music 
reproduced. This one, however, is about 
as flat throughout this range as any 

speaker system known to us. 
The system's low bass is clean and 

powerful, with no trace of artificial heavi- 
ness. The highs are strong and crisp, 
without ever being strident or overbear- 
ing. E -V points out that the -3-dB equal- 
izer setting would be considered as 
"normal" by many people and probably 
gives the best overall sound with most 
high -quality recordings. The 0 -dB set- 
ting can give startlingly realistic effects 
with the finest source material, but it can 
be merciless in revealing any faults in 

the program itself. Very few speaker 
systems are capable of delivering the 
flat response to the highest audible fre- 
quencies that the Series II does with its 
0 -dB setting. It is worth hearing even if it 

is too much for ordinary listening. Al- 
though we drove the Series II to very 
high levels from a 200 -watt amplifier, we 
never tripped its tweeter protector. 

In conclusion, E -V's Interface: B Se- 
ries II is a speaker system we really en- 
joyed listening to. The Interface:B, with 
its equalizer, is certainly worthy of seri- 
ous consideration for matching to any 
low -power to medium -high -power am- 
plifier. 

CIRCLE NO. 102 ON FREE INFORMATION CARD 

Meal, 

all around 

iron 

Wiener® 

... 
_. . 

FOR ELECTRONIC SOLDERING 

Model WP -25. Popular 25 -watt, pencil - 

type iron for general purpose work. 

landy size: 7/" long. Lightweight: 
13/4 oz. Comfortable to hold. Perfect 

for crowded areas. Easily stored. Long - 

life, double -coated, screwdriver 
tip quickly changed to other available 
styles and sizes. Rugged stainless 
steel barrel. Use with or without op- 

tional, mounted or free-standing bench 

stand PH -25. 

Ask your local distributor or write... 

LI 
COOPER 

The CooperGroup 
Electronics Division 

WELLER' WISS' XCE-ITE' 
P.O. BOX 728, APEX, NORTH CAROLINA 27502. 919,362-7511 
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A SS CONPETIflUE SYSTEM 
YOU CAN OWN A VERSATILE 

6800 COMPUTER SYSTEM 
FOR AS LITTLE AS $799.50! 
MP -68/1 Computer Kit $395.00 
CT -64 Terminal Kit (less monitor) $325.00 
AC -30 Cassette Interface Kit $ 79.50 

OMPUreF 
SurtTe! 6800 :?111:1"' 

You can add a 40 -column printer and a professional 
quality data terminal monitor for only $460.00 

PR -40 Printer Kit $250.00 
MP -L Interface Kit $ 35.00 
CT-VM Data Terminal Monitor $175.00 

SWÍl+ oeK evarern 

.. ; 1r .T. . 

!. 
`yy24-PrJ ,:11111 

~Po 

,;. 

11pA.4p 
'`". . . ... 

You can expand to a full-scale personal computer system 
with dual disk drives for only $1,445.00 

MF-68 Dual Disk System Kit $995.00 
MP -16 16K Memory (assembled) $450.00 

...OR buy the complete system at our special low price of $2,595.00 

YOU GET: A 20K byte computer 
/ A true "stand alone" data terminal 

and monitor 
A 40 -column dot matrix printer 
A dual drive 200K byte disk system 
Disk BASIC with file handling 

These are the same proven, reliable components used in our industrial and business systems. 
Why settle for the limitations of a so-called "personal computer" or hobby system? 

SOUTHWEST TECHNICAL PRODUCTS CORPORATION 
219 W. RHAPSODY 
SAN ANTONIO, TEXAS 78216 
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S DA 
CW-COST 

A/D CONVERTER . 

INTERFACING a digital computer with 
the "real" world requires some means 

of converting analog (slowly varying) 
signals into a digital form that can be 
used by a computer. The low-cost ($30) 
analog -to -digital (A/D) converter de- 
scribed here can accept up to four chan- 
nels of analog data, spanning from 0 to 
+2 volts dc, and change this information 
into 31/2 digits of BCD data. 

With such a converter, a computer 
need not be limited to keyboard entry for 
many game programs. Now, joysticks or 
potentiometers can be used. And such 
real -world sensing of variables like volt- 
age, current, temperature, frequency, 
and various levels of acidity, salinity, 
and chemical concentrations can make 
your computer a powerful and versatile 
controller. As a bonus, the A/D convert- 
er, becomes a powerful test instrument 
for circuit design and troubleshooting. In 

this application, up to four channels of 

voltage, current, and resistance can be 

monitored with proper input adapters. 

Technical Details. The converter 
produces five conversions per second. It 

has four input channels and 31/2 digits of 
BCD data output. It is also TTL compat- 
ible in input and output and will work with 

any 8 -bit computer that has a latched 
output port and a three -state input port. 
Digit and channel selection is under soft- 
ware control. Since the circuit is all 

CMOS, very little power is required. 
As shown in Fig. 1, the A/D converter 

employs two IC's and a handful of pas- 

sive components. One of the four input 
switch 1C2 to form the input for A/D con- 
verter 1C1. The analog switches are set 
by data written out by the latched output 
port of the computer. Resistors R6 
through R9 provide pullup for the analog 
switch select lines. 

A/D converter IC/ is a pulse -modula- 
tion type. Its chip contains the conver- 
sion circuitry, an addressable digit latch, 
multiplexer, BCD encoder, and system 
clock. 

Conversion control, output digit se- 
lect, and the output latch are connected 
to the computer's output port. Data writ- 
ten to this port controls the data placed 
on the four output lines of /C1. The four 
data output lines from IC1 are connect- 
ed to the computer's three -state input 
port's lower four bits (DO through D3). 
The upper four bits (D4 through D7) are 
grounded. 

Trimmer potentiometer R1 deter - 
(Continued on page 47) 

Two -chip, four -channel 
converter works with 
any 8 -bit computer. 

BY W. L. GREEN 
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Fig. 1. Analog switch 1C2 selects the input drive 
for AID converter IC1. Up to four inputs can be used. 

TO THREE STATE 
COMPUTER INPUT 

PORT 

PARTS LIST 
CI-100-pFdisc 
C2. C3 -0.22-µF, 10 -volt Mylar 
C4 -10-µF, 10 -volt electrolytic 
IC 1 -351 1 A/D converter (National) 
IC2-4066 quad analog switch 
R1 -5000 -ohm, 10 -turn trimmer pot. 
R2 -6800 -ohm, 1/4 -watt resistor 
R3 -470 -ohm, 1/4 -watt resistor 
R4, R5-100,000 ohm, 1/ -watt resistor 
R6 through R9 -1000 -ohm, 1/ -watt resistor 
Misc.-Printed circuit board; edge connector; 

multilead ribbon connector; IC sockets (op- 
tional); hookup wire; solder; etc. 

Note-The following is available from Alpha 
Electronics. Box 1005, Merritt Island, FL 
32952 (tel. 305-453-3534): complete kit of 
parts, excluding wire and sockets, No. 
A/D4. for $29.95 plus 3.50 postage and 
handling. Also available separately: pc 

board No. PC178 for $9.00 + 1.00 p&h; 
and IC I , No. 351 1 , for $15.00 + 1.00 
p&h. 

CHANNEL SELECT 
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Fig. 3. Actual -size foil pattern (below) and component layout (above). 

Fig. 2. Channel -digit select is shown at (A); a 10:1 voltage divider 
is at (B); a frequency -to -voltage scheme at (C); temperature 
converter (D); current measurement (E); and joystick input (F). 
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TABLE 1-8080 ASSEMBLY LISTING 
Assembly listing for 8080 (IMSAI). Inputs three most significant digits and writes to front 
panel. 

4000 3E 11 BGN MVI A, 11H Load A with Dig2, Ch1 

4002 CD3840 CALL INPUT 
4005 32 35 40 STA DIG2 
4008 3E 21 MVI A, 21H Dig3, Chl 
400A CD 38 40 CALL INPUT 
4000 32 36 40 STA DIG3 
4010 3E 31 MVI A,31H Dig4, Ch1 

4012 CD 38 40 CALL INPUT 
4015 32 37 40 STA DIG4 
4018 3E 00 MVI A,OOH 
401A 2A 35 40 LHLD DIG2 Dig2 L, Dig3 H 

401D BC CMP H Compare H for 0 

401E 06 00 MVI 8, OOH Clear B 

4020 C4 4A 40 CNZ SUB Gosub if H*0 
4023 3A 37 40 LDA DIG4 
4026 FE 00 CPI 00 H 

4028 CA2D40 JZ W RT If A#0, fall thru 
4028 3E 64 MVI A, 64H 
402D 80 WRT ADD 6 A=A+B 
402E 2F CMA Invert data 
402F D3 FF OUT OFFH Write it 

4031 C3 00 40 JMP BGN Do again 
4034 STR DS 01 
4035 DIG2 DS 01 
4036 DIG3 DS 01 
4037 DIG4 DS 01 
4038 0310 INPUT OUT 10H Setup port 10H 

403A CD4040 CALL DLY A/D settling time 
4030 DB 10 IN 10H Input A/D data 
403F C9 RET 
4040 11 00 30 DLY LXI D, 3000H 200 -ms delay 
4043 16 UP DCX D 
4044 7A MOV A, D 

4045 83 ORA E 

4046 C2 43 40 JNZ UP 110).0 do again 

4049 C9 RET 
404 A C6 0A SUB ADI OAH A+A+OAH 
404C 25 DCR H H=H-1 
404D C2 4A 40 JNZ SUB If H>0, do again 
4050 85 ADD L A=A+L 
5051 47 MOV B, A B=A 
4052 C9 RET 
4053 76 H LT 

TABLE 11-6800 OP CODE LISTING 

Op code listing for 6800. Inputs four digits from channel 1 and stores data in memory in 

BCD format. 

01 

02 
03 
04 
05 
06 
07 
08 
09 
10 
11 

12 
13 
14 

15 
16 
17 
18 

19 

20 
21 

22 
23 
24 
25 
26 
27 
28 

BDN 

DIG1 
DIG2 
0103 
DIG4 
INPUT 

DLV 
UP 
UP1 

LDAA 01H Load digit 1, channel 1 into A 
BSR INPUT 
STAA DIG1 Store A in memory 
LDAA 11H 
BSR INPUT 
STAA DIG2 
LDAA 21H 
BSR INPUT 
STAA DIG3 
LDAA 31H 
BSR INPUT 
STAA DIG4 
JMP BGN Do again 
RES 01 Res -reserves one byte of memory 
RES 01 
RES 01 
RES 01 
STAA insert output port # 
BSR DLV 200-ms delay for A/D settling 
LDAA insert input port '-- 

RTS 
LDAA - enter values here and 23 to create 
LDAB - a 200-ms delay 
SUBE 01 

8GT UP1 do until B=0 
SUBA 01 
BGT UP do until A=0 
RTS 

TABLE Ill-ASSEMBLY LISTING FOR 2650 
Assembly listing for 2650 (Central Data). Inputs three most significant digits and writes to 
data bus on WRTD instruction. Converts to hex before outputting data. 

1600 75 FF 

1602 
1604 
1606 
1608 
160A 
160C 
160E 
1610 
1612 
1614 
1616 
1618 
161 A 
161C 
161E 
1620 
1621 
1623 
1624 
1625 
1626 
1628 
162A 
162C 
162D 
162F 
1631 
1633 
1635 
1637 
1639 
163B 
163D 
163E 
1640 
1642 
1644 
1645 
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0511 
3B 20 
CA 1B 
05 21 

36 1A 
CA 16 
05 31 
3B 14 
CA 11 

08 OD 
OB OC 

B8 24 
OB 09 
18 02 
84 64 
FO 

1B 5F 
00 
00 
00 
D5 00 
3B 03 
56 00 
17 
77 10 
05 FF 
A5 01 
06 40 
A6 01 
5A 7C 
59 76 
75 10 
17 
A7 01 
84 OA 
56 7A 
17 
40 

BGN 

WRT 

DIG2 
DIG3 
DIG4 
INPUT 

DLY 

UP 

UPI 

SUB 

CPSL FF 

LODI, 1 11 

BSTR,3 INPUT 
STRR, 2 DIG2 
LODI, 1 21 

BSTR,3 INPUT 
STRR, 2 DIG3 
LODI, 1 31 
BSTR,3 INPUT 
STRR, 2 DIG4 
LODR,O DIG2 
LODR, 3 DIG3 
8SFR, 0 SUB 
LODR, 3 DIG4 
BCTR, 0 WRT 
ADDI, 0 64 
WRTD, 0 
BCTR,3 BGN 
RES 01 
RES 01 
RES 01 
WRTE, 1 00 
BSTR, 3 DLY 
REDE, 2 00 
RETC, 3 

PPSL 10 
LODI, 1 FF 
SUBI, 1 01 
LODI, 2 40 
SUBI, 2 01 
BRNR, 2 UP1 
BRNR, 1 UP 
CPSL 10 
RETC, 3 

SUBI, 3 01 
ADDI, 0 OA 
BRNR, 3 SUB 
RETC, 3 

HALT 

Clear PSL and setup register 
bank!) 

Setup for channel 1, digit 2 

BR if DIGU0 

BR if DIG4=0 

Write it 
do again 
RES 01 reserve one byte 

Setup port 00 
A/D settling time delay 
read port 00 into R2 

select register bank 01 
gives 200 ms delay with 1633 

do again until R2 0 
do until R1=0 
select register bank 00 

R3=R3.1; converts BCD to hex 
RO=R0+0A 
do until R3=0 

(Continued from page 45) 

mines the reference voltage used by 
IC1. The other passive components de- 
termine clock frequency, provide signal 
filtering, and interconnect IC1. 

Software. The digit and channel se- 
lect codes are shown in Fig. 2A. The val- 
ues shown are in hexadecimal code. To 
use the table, move down the rows until 
the proper digit is located. Then move 
over until the proper channel is located. 
The hex number at this point is the data 
to be written to the output port to set up 
the converter. The strobe that enables 
the output port (EN) must be active low 
when connected to the converter. If nec- 
essary, an inverter can be wired into the 
circuit to perform the inversion. 

When reading data from the convert- 
er, it is necessary to access only the cor- 
rect input port. Examples of programs 
written for an 8080, 6800, and 2650 are 
shown in Tables I through Ill. The pro- 
gram flow is essentially the same for any 
8 -bit computer. The digit/channel infor- 
mation is loaded into a register and then 
the program is stepped to a subroutine 
(INPUT) and outputs that register to the 
output port. A 200 -ms delay (DLY) sub- 
routine is used to allow the A/D convert- 
er to settle. Then the data is read from 
the input port into a register. 

Upon returning from the INPUT sub- 
routine, the BCD digit is stored in memo- 
ry (DIGX) and is repeated for each digit 
required before branching back to the 
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TABLE 1V-BASIC SAM GAME 

SAM (surface-to-air missile) GAME 
Central Data Basic (2650) 

0000 RESTORE 
0010 READ, R, W, M, P, Z 
0020 DATA 0, -1, 0, 11, 0 REM sets up port 0, chap#1, digit#3 
0100 EXTOUT 0, 33 
0105 X=SIN11) REM delay for A/D settling 
0110 EXTIN 0, B REM reads port 0, chan#1, digit#3 into B 
0120 EXTOUT 0, 49 
0125 EXTIN O, A 
0130 EXTOUT 0, 34 
0135 X=SIN))) 
0140 EXTIN O, D 
0150 EXTOUT 0, 50 
0155 EXTIN O, C 
0160 A=INT (A10+BI.8)+1 
0165 C=IC10+D)4 
0170 ERASE REM clears screen 
0175 IF R>17 GOTO 1010 
0200 W W+1 
0210 P P-1 
0220 IF W>10 W=10 
0230 IF P<0 P=0 411 

0240 PRINT@14, 15' MISSILES FIRED'#W 
0250 PRINT@15, 15' MISSILES LEFT'#P 
0300 PRINT@13,9'1' 
0310 PRINT@14,8'1' 
0320 PRINT@15, 5'11111' 
0330 PRINT@10, 50'1 11' 
0340 PRINT@11, 50'1111111' 
0400 Z=Z+4 
0410 Y=1+INT(RND171) 
0500 PRINT@Y, Z'++++++' 
0510 PRINT@Y-1, Z' +' 
0520 PRINT@Y+1, Z' +' 
0530 IF Z>50 GOTO 0900 
0600 READ CI, V,L 
0610 DATA 12, 9, 1 

0620 RESTORE 0610 
0630 IF W=0 GOTO 0800 
0640 PRINT@Q, V'T' 
0650 IF C+1>19 L=3 
0660 IF C+1>31 L=6 
0670 IF V>C+1 V=V -1 
0680 IF V<C+1 V=V+L 
0700 0 Q-1 
0710 IF Q A IF V=C+1 GOTO 0740 
0720 IF Q<A GOTO 0740 
0730 GOTO 0640 
0740 PRINT@A, C+1'X' 
0800 PRINT@14, 40'TARGET . RANGE'#Y' BEARING'#Z 
0810 PRINT@15; 40'MISSI LE: RANGE'#A' REARING'#C+1 
0820 IF C>Z IF C<Z+6 GOTO 0880 
0825 IF P=0 M=1 
0830 IFM=1 GOTO 0170 
0835 IF R>0 GOTO 0850 
0840 INPUT' FIRER 
0845 IF R=22 GOTO 0100 
0850 R=R -1 
0860 IF R<0 GOTO 0800 
0870 GOTO 0100 
0880 PRINT@A.0+1'X DESTROYED' 
0890 PRINT@15,5 
0895 GOTO 1000 
0900 PRINT@11, 50'DESTROYED' 
0910 PRINT@15, 5 
1000 STOP 
1010 PRINT@A, C+1'X' 
1020 PRINT@15, 40'MISSI LE: RANGE'#A' BEARING'=C+1 
1030 R=R -1 
1040 IF R>17 GOTO 0100 
1050 R=0 
1060 GOTO 0840 
1070 END 

This program prints a missile launching site, a factory, an airplane (bomber), and a printout 
of the airplane's and missile's range and bearing. When FIRE appears at the bottom of the 
screen, type a number (1 through 10) for the number of missiles you wish to fire. The 
missiles will fire in sequence. Type 22 to clear the screen and display the missile range and 
bearing adjustments. You may then adjust the controls to alter these values. After 5 shots, 
the program will return to FIRE. If you input 1 (CRLF), then carriage-return/line-feed, an 
arrow will print the track of the missile until it reaches its range, and an X will appear to 
simulate an explosion. The object is to hit the plane on its fuselage, in which case, X 
DESTROYED will be printed. You have 10 missiles. If you do not destroy the plane in 10 
shots, or if the plane reaches space 50 on the screen before you destroy it, the plane will 
destroy the factory. The aircraft will progress across the screen at the rate of 4 spaces for 
each missile fired. However, the plane will move up and down by a random amount (line 
0410 controls this). 

Note that the FIRE 22 routine does not subtract from the missiles remaining, but you 
cannot destroy the plane in this routine either. All entries must be followed by CRLF. After 
each missile is fired, and FIRE is displayed, you can adjust the range and bearing controls to 
alter the missiles course and range. 

beginning (BON). The 8080 listing also 
includes a routine to convert the three 
most significant digits into hex code and 
place the result in storage (STR). When 
programming, allow for the fact that this 
data has no decimal point. 

Some typical input adapters are 
shown in Fig. 2B through 2F; B, C, and E 

are conventional, while D illustrates a 

temperature converter. If you use this or 
a similar circuit, allow for any voltage off- 
set in this type of converter. Also, keep 
in mind that only the two least significant 
digits are required for a temperature 
reading. This data should be viewed as 
relative and not absolute. Decisions 
should be based on exceeding a relative 
number, rather than a specific number of 
degrees. For example, if the tempera- 
ture converter is adjusted for an output 
of 1.050 volts at 25° C and the voltage 
decreases by 2.3 mV/°C, the program 
can be written to do something when the 
temperature is 20° C, or 1.039 volts. The 
1.039 volts is related to the temperature 
but is not actually in degrees. 

Figure 2F illustrates a joystick (or two 
independent potentiometers) for use in 

game programs. 
A BASIC program to play the game 

SAM is shown in Table IV. Note that the 
data written to the output port (EXTOUT) 
is in decimal, rather than in hex. The 
REM statements should help explain the 
program. Table V illustrates a 4 -channel 
DVM program, which is also written in 

BASIC. 

Construction. An actual -size etching 
and drilling guide and a component - 
installation diagram for the A/D convert- 
er are shown in Fig. 3. During assembly, 
note the polarity of C4 and, if you wish, 
use sockets for the IC's. Note also that 
there are provisions on -board for option- 
al inverters (IC's or discrete transistors); 
these can be Wire Wrapped. 

When installing the IC's, observe the 
usual precautions for handling MOS de- 
vices. Since the 5 -volt power supply is 
also used as the reference, make sure it 

is well regulated and stable. After as- 
sembly, adjust R1 for as near to an ex- 
act 2.000 volts at pin 16 as possible. 

If your system employs an active high 
strobe, use an inverter. Flat ribbon cable 
can be used to interconnect the convert- 
er to the host computer. If desired, a 16 - 
pin socket can be mounted at one of the 
extra positions on the board, and, with 
Wire Wrap, it can be used to make the 
external connections instead of the edge 
connector shown. 

Testing. After assembling the board 
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TABLE V -4 -CHANNEL DVM PROGRAM 

4 -Channel DVM Program 
Central Data Basic (26501, Version 1.2 

000 RESTORE 
010 DATA 1, 17, 33, 49, 1, 2, 18, 34, 50, 2, 4, 20, 36, 52, 3, 8, 24, 40, 56, 4 

020 READ A, B, C, D, E REM A=Ch- Digit 1:B=Ch-Digit 2:C=Cht 
Digit 3:D=Ch=Digit 

030 GOSUB 100 

040 IF E=4 GOTO 000 
050 GOTO 010 
100 EXTOUT 0, A REM sets up I/O port Ch&digit 
110 S=SIN111 REM delay for A/D settling time 
120 EXTIN O, Z REM reads port 0 into Z 

130 EXTOUT 0, B 

140 EXTIN 0, Y 

150 EXTOUT 0, C 

160 EXTIN 0, X 

170 EXTOUT 0, D 

180 EXTIN 0, W 

190 PRINT@E, 5'CHANNEL#'RE'='4(W1000~X'100+Y10+Z)'MILLIVOLTS' 
REM prints at line E, character position 5, 

channel tE=lvoltagel MILLIVOLTS 
200 
300 
310 

RETURN 
STOP 
END 

and adjusting R1 for the 2 -volt refer- 
ence, load a driver program and check 
the system for accuracy. If the data ap- 
pears to be unstable, check the 200 -ms 

delay between the output port strobe 
and the input port strobe. You may have 
to vary the values loaded into the DLY 
routine until the correct delay is ob- 

tained. This delay is required only when 
the channel information is first changed. 
If only one channel is used, the delay 
need be used only the first time the 
channel is selected. 

The 6800 program shown is not exact; 
it is given here as an example of a driver 
routine for the 6800 CPU. The 8080 pro- 
gram, tested in an 8080 -based comput- 
er, uses I/O port 10H and a delay (DLY) 
routine for a 2 -MHz system. The CMA 
and OUT-OFFH instruction invert the 
data and write it into the front panel. Lo- 

cation 4034 reserves one byte of memo- 
ry that can be used to store the hex data, 
if desired. The 2650 program was writ- 
ten for and tested on a Central Data 
computer. The port used here was 
OOH, and the DLY routine is for a 1.25 - 
MHz clock. 

The A/D converter offers the comput- 
er user an inexpensive way for his com- 
puter to "communicate" with the analog 
happenings that dominate our lives. It 

offers a multitude of ways of sensing 
and measuring analog data not possible 
in a simple keyboard -entry system. O 

May The SOURCE Be With You . 

THE SOURCE of your semicon- 
ductor information for the future 
has now been published by HEP in 
two new, expanded books. Not 
since long ago in a galaxy faraway, 
has so much valuable enlighten- 
ment been so easily available for 
your specific needs: 

MOTOROLA HEP DATA BOOK AND 

SELECTOR GUIDE 

Find your device fast in the Selector Guide - 
from Small -Signal Transistors to RF Power, 
including all popular Digital Logic families. 
A Source that also brings you detailed 
specifications of all HEP parts ... with 
applications information on many devices. 

MOTOROLA HEP SEMICONDUCTOR 

CROSS-REFERENCE GUIDE 

More parts are cross-referenced than ever 
before! This Source includes well over 
100,000 devices, from the most popular 
to the most obscure. 

Both books coming soon to an 
authorized HEP distributor near 
you!!! Or to order by mail, send 
$2.00 for each title desired to: 

Motorola Mail Order Sales 
P.O. Box 27605 
Tempe, Arizona 85282 

M= w oroaow s. com rro, e,oaFn xrc 

MOTOROLA Semiconductor Products Inc. 

CIRCLE NO. 36 ON FREE INFORMATION CARO 

MOTOROLA 

I 

SEMICONDUCTORS 

MOTOROL, iftp .sCnvUcr 
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MANY GOOD electronic project de- 
signs never get built because the 

usual methods of making printed -circuit 
boards are just too laborious for one- 
time projects. In this article, we will de- 
scribe a design -and -fabrication system 
that can take much of the time and effort 
out of making pc boards. Using the 
procedure outlined here, you can, with a 

few simple and inexpensive tools, lay 
out and fabricate a pc board in about the 
same time it would take you to build a 

circuit using point-to-point wiring. 

Initial Phase. Once you have com- 
pleted your circuit design, breadboard 
the circuit and thoroughly check out its 

operation. Only when you are satisfied 
with the circuit's operation can you draw 
up a full working schematic diagram. 

To illustrate the etching -and -drilling 
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HOW TO DESIGN 
PC 

BOARDS 
FROM 

A 
SCHEMATIC 

Simple, inexpensive 
procedure 

takes much of the 
time and effort 

out of 
making pc boards. 

BY JAMES BARBARELLO 

guide layout procedure, we will use the 
sample schematic diagram shown in 
Fig. 1. (This circuit is a different configu- 
ration of the Snare Accessory featured 
in the September 1977 "Cabonga" arti- 
cle; see "How It Works" box for descrip- 
tion of circuit operation.) Tape a sheet of 
tracing paper over your schematic dia- 
gram or make a photocopy of the dia- 
gram. Then start your layout by drawing 
the IC's as they physically appear with 
their leads pointing toward you. While 
you can work directly on graph paper, 
sizing and spacing your layout for the 
specific components you will be using, 
you can also use plain blank paper. 

The next step is to draw in the other 
components near the IC's to which they 
will be connected. As you draw in each 
component and complete each intercon- 
nection, keep tabs of your progress on 
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R3 
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-V 

Fig. 1. Example of circuit for which pc board is to be made. 
See "How It Works" on next page for circuit details. 
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D2 R6 
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the schematic's tracing paper or the 
photocopy. Bear in mind that for every 
connection you must enter a dot. For ex- 
ample, pins 6 and 7 of IC3 and the top of 
R11 in Fig. 1 must each have a dot in- 

dicated (see Fig. 2). 
If connecting lines cannot be made 

without crossing previously drawn lines, 
try to rearrange the components and/or 
reroute the lines to eliminate the cross- 
overs. However, if repeated attempts fail 

to eliminate crossovers, you must use 
jumpers. You do this by indicating two 
dots and a line labelled "J" for each 
jumper you must use. Do not hesitate to 

use jumpers where necessary; a medi- 
um-sized pc board with 10 to 20 jumpers 
is not uncommon. 

While lines between components can- 
not be interconnected without using 

5.--- 
PC. 90ARD va,e`r E rerR 

E XT PwR 

z 
outer 

52, 
ayER 

jumpers, connecting lines can pass be- 
tween the dots in the areas that will be 

occupied by resistors, capacitors, di- 

odes, etc., since the component and the 

connecting line will be on opposite sides 
of the board. A good example of this is 

the -V line that passes between the 
pads for R4, R5, and D/ in Fig. 2. 

The connections between the pc 
board and external components J1, S1, 

R13, and R6 are shown originating from 
dots on the pc guide and terminating at 

the external components via curved 
lines. Note, too, that all components on 
the guide are identified, either by symbol 
number (1C1, R2, D1, etc.) or by compo- 
nent value (10µF, 100K, etc.). 

In most cases, you will discover that 

the physical layout of the etching -and - 
drilling guide closely resembles the lay - 

Fig. 2. Redraw circuit as it will be laid out physically. 

HOW IT WORKS 

Transistor Q1 serves as a noise source 
that generates a constant approximation of 

a white -noise signal. The signal is coupled 
through C1 to the input of summing amplifi- 
er t21A. 

A positive -going trigger pulse applied to 

JI is routed to the base of 02 where it is in- 

verted and coupled through C3 to pin 2 of 

one-shot timer IC3. The inverted pulse trig- 

gers IC3 to produce a 0.25 -second posi- 

tive -going output pulse that is coupled to 

the input of ICIA and also quickly charges 
C6 through R15. Capacitor C6 immediate- 
ly begins to discharge at an exponential 
rate determined by the values of R12 and 

R15 and the setting of DECAY control R13. 

Diode D1 reverse biases as the potential 
across C6 decays, thus isolating the output 
of IC3, which would tend to maintain a full 

charge on C6. In this manner, a voltage 
envelope with a very fast attack time and 

an adjustable exponentially decaying re- 

lease time is generated and used to control 
the gain of transconductance amplifier IC2. 

The gain of IC2 is set by the level of the 

voltage envelope and the value of R14. 

The output of IC2 is a combination of the 

noise signal and the pulse from 1C3 (a 

drum -stick -strike sound) whose voltage 
envelope is the control voltage described 
above. Resistor R5 serves as the load for 

IC2. Integrated circuit ICI B buffers the sig- 
nal and D2 clips the negative portion of the 

IC1B output to produce a realistic sound 
effect. Potentiometer R6 provides for a 

variable output level. 

out of the schematic diagram's compo- 
nents. You can check this by comparing 
Fig. 1 with Fig. 2. 

At this point, it is best to breadboard 
your circuit once again, carefully follow- 
ing the layout just drawn. Power the cir- 
cuit up and again check its operation. In 

some rare cases, you may have to rear- 
range component placement and/or re- 
route conductors to eliminate unwanted 
effects. For example, in very high gain 
audio circuits, you want to get the inputs 
and outputs as far apart from each other 
as possible to prevent feedback. Also, in 

vhf and uhf circuits, you want lead 
lengths and component spacing as short 
as possible to prevent excessive signal 
losses and reduce the chances of in- 

teractions. This done, you can proceed 
to the final layout phase. 

(Continued on page 52) 
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Fig. 3. Final artwork laid out exactly to scale. 
It helps to use 10 x 10 squares -per -inch graph 
paper for accurate placement of pads. 

Finalizing the Layout. The final lay- 
out of the etching and drilling guide is 

essentially a redrawing of the rough lay- 
out to the exact scale of the components 
you plan to use. You can do the layout 

* Aeowr ` oc.4TaR5 

TR/MMED 4y0UT 
( f ODEO ) 

TRwMED LAYOVT 
(UNFO,OED) 

Fig. 4. Trim and fold final 
artwork as illustrated here. 

directly on graph paper and use it as a 
guide for drilling holes and transferring 
to the pc blank simple circuit designs 
with an etch -resist pen. For more com- 
plex and critical layouts, it is best to tape 
a sheet of clear Mylar over the graph pa- 
per and use pc artwork aids (donuts, IC 

pad patterns, tapes, etc.) to lay out the 
guide. This guide can then be used di- 
rectly to expose positive photoresist 
treated pc blanks. For the remainder of 
this article, we will concentrate on the 
use of the paper guide. Mylar film guides 
are used in the traditional manner. 

As you work up your layout, plot your 
progress on either the rough layout or a 

piece of tracing paper taped over the 
rough layout. 

TYPICAL DIMENSIONS FOR PC ARTWORK 

Component 

1/4 -watt resistor, signal 
diode 

1/2 -watt resistor, power 
rectifier diode 

Disc capacitors 

Radial -lead electrolytic 
capacitors 

Other resistors, capacitors 
Transistors (small signal) 

DIP IC's with up to 18 

pins 

DIP IC's with more than 
18 pins 

Distance between pc copper 
conductors 

Spacing between component 
pads 

Note: Number of boxes is for 10 box/in 

Spacing 

0.4" (4 boxes) between 
leads 

0.5" (5 boxes) between 
leads 

0.3" (3 boxes) between 
leads 

0.2" (2 boxes) between 
leads 

Measure for spacing 
0.2" (2 boxes) between 

leads 
0.1" (1 box) between 

pins, 0.3" (3 boxes) 
between rows of pins 

0.1"(1 box) between 
pins, 0.6" (6 boxes) 
between rows of pins 

0.05" (1/2 box) minimum, 0.1" 
(1 box) standard 

0.05" (1 box) minimum, 0.1" 
(1 box) standard 

graph paper only. 

Typical spacing between component 
lead pad centers and copper foil con- 
ductor widths and spacings between foil 
conductors are detailed in the Table. For 
components not listed, take the dimen- 
sions directly from the actual compo- 
nents you will be using in your project. 

When the final layout is completely 
drawn up, indicate all component loca- 
tions by schematic designation and 
orientation. See Fig. 3 for details. 

Making the PC Board. Trim and fold 
your final layout as illustrated in Fig. 4. 
Then cut the pc blank to the exact size of 
the folded guide and remove any burrs 
from the cut edges with a file. Fold the 
guide over the pc blank with the copper 
side of the blank directly under the 
guide. Secure the loose tabs of the 
guide to the blank side of the pc blank 
with masking tape (Fig. 5). 

Lightly indent the pc blank in the cen- 
ter of every hole location with a sharp - 
pointed center, punch or an awl. Drill a 
hole at every hole location through both 
the guide and the board. 

When all holes are drilled, carefully re- 
move the guide from the blank and store 
it away for later reference. Give the pc 
blank a thorough cleaning with No. 00 
steel wool (do not use the type of steel 
wool that comes saturated with its own 
soap). Once the blank is cleaned, han- 
dle it only by its edges. 

The pad -and -conductor pattern on the 
guide can easily be reproduced on the 
pc blank with a resist pen because the 
drilled holes themselves provide a 
"map" on which to build. In most cases, 
the resist pattern can be laid down with 
nothing more than the resist pen, work- 
ing freehand. If you have a relatively 
complex pattern that must accommo- 
date many IC's, you can speed the oper- 
ation with the aid of rub -down pads and 
fill conductor lines and discrete-compo- 
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nent pads freehand with the resist pen. 

As you work, be certain to fill in the 
areas around the drilled holes with resist 
to assure that, during etching, excessive 
copper will not be removed. 

When you are finished reproducing 
the pattern on the pc blank, carefully 
compare it with your final -layout guide. 
The two must be identical. If you have 

PLACE PC 311NK /N 

TR/MMED YOuT 

B FOLD FLAPS J4DE4 

,9A5-K'Ns TAPE 

C. SECURE F.Av3 w'771 
MASK/N6 TRP . 

Fig. 5. Cover pc blank with 
trimmed artwork (A), fold flaps 
under (B), secure with tape (C). 

made an error, you can correct it by 

erasing with an ordinary pencil eraser 
and laying down new resist. 

Pour pc etchant (ferric chloride or am- 
monium persulfate) into a plastic or 
glass tray to a depth of about 1/4" (6.4 
mm). Place the prepared pc blank cop- 
per -side down into the tray and slowly 
agitate the solution by rocking the tray 
gently. Periodically check your progress 
with the etching action by carefully lifting 
one end of the pc blank with a toothpick. 
When etching is complete, all the copper 
cladding from the uninked areas will be 

etched away. At this point, you can re- 
move the pc board from the etchant and 
thoroughly rinse it under running water. 
(Discard the used etchant. Don't try to 
save it for re -use.) 

Now remove the etch -resist ink from 
the copper pattern remaining on the 
board. Use scouring powder and steel 
wool under running water for this. Then 
pat the board dry with a paper towel. 

The only thing remaining now is to in- 

stall and solder into place the compo- 
nents that go on the board. Use your fi- 
nal -layout guide as a reference to com- 
ponent locations and orientations. O 

Put a benchtop 
DMM ín your pocket. 

Only $169. 

.. 

ra 

Our new 8020A digital multimeter 
puts typical benchtop-type measure- 
ment capability in your pocket, your 
briefcase or your tool kit. And it puts 
true Fluke value in your hand. 

At only $169; the 8020A has fea- 
tures you won't find on any other mul- 
timeter, at any price. 

Features like 26 ranges for seven 
functions, including conductance that 
measures leakage to 10,000 Mii. De- 
pendable CMOS LSI single -chip inno- 
vation, custom designed for the 8020A. 

It's only 13 ozs. of reliable, shock - 
resistant measurement perfection. All 
guaranteed for a full year, including 
specs and its NBS-traceable calibra- 

tion. 
Benchtop performance for $169.* 

And Fluke's dedication to after -sale 
support, with service centers located 
worldwide for fast, cost-effective sup- 
port. A priceless combination. 

Call (800) 426-0361, toll free. We'll 
tell you the location of the closest Fluke 
office or distributor for a personal feel 
for the best DMM value around. 

*U.S. price. 

Command Performance: Demand the Fluke 8020A. 
2509-7102 

FLUKE 
CIRCLE NO 19 ON FREE INFORMATION CARD 
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SPECIAL F OIL 
'A NEW IHF STANDARD FOR AMPLIFIER MEASUREMENT 

BUILD A DISCO PREAMP/MIXED 
NOW YOÚ'CAN ENJOYHI;FI TELEVISION' SOUND 

IV METAL CASSETTE TAPE DEBUTS 
BUILD A SUPÉRaAUDIO FILTER 
PROTECTION F"OR DC -COUPLED, SPEAKERS 

BY LEN FELDMAN A New IHF Standard for 
Amplifier Measurement 

Latest standard reflects advances in audio technology 
and understanding of psychoacoustics. 

AMPLIFIER specification sheets will 
soon be more meaningful than ever 

before, thanks to the new amplifier mea- 
surement standard recently approved by 
the Institute of High Fidelity. Officially 
entitled "Standard Methods of Measure- 
ment for Audio Amplifiers, IHF-A-202 
1978," it spells out test conditions and 
procedures covering each aspect of am- 
plifier performance considered by the In- 
stitute to be significant in high-fidelity ap- 
plications. In all, the standard describes 
28 ratings. 

For a power amplifier to carry an IHF 
rating, a few primary specifications must 
be listed: 

Continuous Average Power Output 
Dynamic Headroom 
Frequency Response 
Sensitivity 
A -Weighted Signal -to -Noise Ratio 

A preamplifier specification sheet 
must include: 

Frequency Response 
Maximum Output Voltage 
Total Harmonic Distortion 
Sensitivity 
A -Weighted Signal -to -Noise Ratio 
Maximum Input Signal 
Input Impedance 

Integrated or control amplifier litera- 
ture should contain the following pre- 
ferred specifications: Continuous Aver- 
age Power Output (including the rated 
bandwidth, load impedance and total 

harmonic distortion); Dynamic Head- 
room; Frequency Response; Sensitivity; 
A -Weighted S/N; Maximum Input Sig- 
nal; and Input Impedance. 

In addition, there are a number of sec- 
ondary disclosures that can be included 
at the manufacturer's option. Let's ex- 
amine the key primary specifications 
first and then briefly look at some of the 
secondary disclosures. 

Continuous Average Power Out- 
put has been included in the new stand- 
ard to satisfy the Federal Trade Com- 
mission's 1974 "Power Rule." It speci- 
fies the minimum continuous output 
power each amplifier channel can deliv- 
er into a given load (usually 8 ohms re- 
sistive) over a specified bandwidth (usu- 
ally 20 to 20,000 Hz) with a given total 
harmonic distortion content (in percent) 
when all channels are driven simultane- 
ously. Thus, continuous average power 
output informs the prospective purchas- 
er how much power the amplifier can de- 
liver over the long term. 

It is a well-known characteristic of 
many amplifiers, however, that they can 
generally provide more output power for 
brief intervals than they can on a con- 
tinuous basis. The earlier IHF standard, 
which had been in use since 1966, pro- 
vided for two power specifications-con- 
tinuous power and "IHF Dynamic (or 
Music) Power, both measured in watts. 

The latter was intended to give the pur- 
chaser an idea of how much power the 
amplifier could deliver for brief intervals. 
To avoid confusion, IHF-A-202 1978 
specifies only continuous average pow- 
er output in watts. A new specification 
has been developed to describe the am- 
plifier's short-term power capability. 

Dynamic Headroom is the name of 
this new amplifier specification. Rated in 
dB, dynamic headroom expresses the 
ratio of an amplifier's power output for 
short periods of time to its continuous 
power capability. Accordingly, if an am- 
plifier has a dynamic headroom of 3 dB, 
it can deliver twice its continuous power 
rating for brief intervals. The nature of 
high-fidelity program material-low av- 
erage levels accompanied by occasion- 
al high-level transients-makes this 
specification of special interest to the 
audiophile. Here's why. 

In a typical home audio system, one 
watt or less per channel of average, con- 
tinuous power output is enough to drive 
the speakers to normal listening levels. 
Transient peaks of, say, 20 dB will call 
on the amplifier to briefly supply 100 
watts to each speaker. If the amplifier 
can deliver such power levels, it will not 
"clip" the transient peaks. Therefore, the 
speakers will be able to generate a 
pleasing, full sound. If the amplifier clips 
the peaks, the sound will lack depth; if 
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'Accuracy good enough for even the most demanding 
Professional, that's what Technics quartz -locked 
direct -drive turntable! are al about: And that's wh_ 
radio stations use then and disccs abuse them. 

'Now you can record your records as accurately 
as a Te:hnics turntable plays then. With the RS -M.85, 
our new quartz -locked direct -drive cassette deck. Not 
only does it have the <ind of trarsport accuracy that's 
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for all this accuracy: The performance of Technics 
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I-as'a Sendust head with a high -end frequency 
response of 18,000 Hz, low disto-tion and excell'en - 
dynanic range. technology: A new standard of audio excellence_ 
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clipping is severe, it'll be very distorted. 
As an example of the foregoing, let's 

examine a hypothetical system with a 
peak output power requirement of 100 
watts for undistorted sound reproduction 
of each channel. There are two ways to 
get this amount of output power-either 
purchase an amplifier whose continuous 
power output is 100 watts/channel, or 
choose an amplifier with a lower con- 
tinuous power output rating but with suf- 
ficient dynamic headroom to reach 100 
watts/channel on peaks. For example, a 

50-watt/channel (continuous) amplifier 
with 3 dB of dynamic headroom will pro- 
vide the needed 100 watts/channel on a 

momentary basis. 
Both amplifiers will sound equally loud 

because perceived loudness is a func- 
tion of average audio output. This is il- 
lustrated by the heavily compressed au- 
dio tracks of some television and radio 
commercials. These messages sound 
louder than normal program material be- 
cause their average levels are higher. 
Peaks, however, are the same for 
both-they must not exceed FCC modu- 
lation limits. Depending on its dynamic 
headroom, the higher -power amplifier 
might be able to provide even more out- 
put on peaks, but in our application this 
reserve might never be tapped. Also, 
this amplifier will loaf along most of the 
time, delivering its rated (continuous) 
power for only brief intervals of time. 

Dynamic headroom is really a function 
of voltage regulation in the amplifier's 
power supply. A typical amplifier's sup- 
ply might consist of a power transformer, 
a full -wave or bridge rectifier, and two fil- 
ter capacitors. The supply is designed to 
deliver a bipolar dc output, +Vcc and 
-Vcc, to a complementary -symmetry 
amplifier circuit. Charge is delivered to 
the two filter capacitors at a 120 -Hz rate. 
When the amplifier is first turned on (but 
before any input signals are applied), 
the capacitors are charged up to a given 
voltage. 

Under quiescent (no signal) condi- 
tions, the rectifier can supply more than 
enough charge to the capacitors to 
make up for that drawn by the amplifier 
circuit. Thus, voltages across the filter 

capacitors, -I Vcc and -Vcc, remain 
constant. (We are assuming that the 
amplifier is operating in the Class AB or 
B mode.) However, when the amplifier is 
driven so that it is providing appreciable 
amounts of output power, the rectifier is 
not able to replenish the capacitors' 
charge as fast as the amplifier is deplet- 
ing it. Therefore, +Vcc and -Vcc de- 
crease until equilibrium is reestablished. 

For example, assume that the quies- 
cent voltages across the capacitors are 
±40 volts. This implies that the amplifier 
will be able to deliver an 80 -volt peak -to - 
peak or 28.3 -volt rms sine -wave output, 
or 100 watts continuous into 8 ohms. 
Placing a voltmeter across the power 
supply output, however, shows us that 
the voltages drop to, say, ±35 volts 
when the amplifier is being heavily and 
continuously driven. The amplifier can 
therefore deliver a 70 -volt peak -to -peak 
or 24.7 -volt rms sine -wave output, which 
corresponds to 76.5 watts continuous 
into 8 ohms, before it starts to clip the 
waveform. 

If the amplifier under consideration is 
driven to maximum output by narrow 
pulses or transient spikes, +Vcc and 
-Vcc remain at their quiescent values. 
The low duty cycle of such an input 
waveform keeps appreciable amounts 

I- . 

of charge from being drained from the 
capacitors. As a result, a full 80 -volt 
peak -to -peak (or 100 watts peak into 8 
ohms) output can be obtained without 
clipping. Because musical waveforms 
resemble such input signals, 100 watts 
of output power on musical peaks can 
also be obtained. Such an amplifier, 
therefore, has a dynamic headroom of 
20 log (28.3 V/24.7 V), 10 log (100 
W/76.5 W), or 1.16 dB. 

If an amplifier's power supply is stiffly 
regulated, either by using massive filter 
capacitors which can store very large 
amounts of charge, by the use of zener 
diodes or IC regulators and pass transis- 
tors, or by a combination of both tech- 
niques, its output voltages will vary little, 
if at all, when large demands are placed 
on it. This amplifier will have a dynamic 
headroom of 0 dB. This means that no 
more power is available on peaks of a 
low -duty -cycle waveform (such as mu- 
sic) than is available on a continuous, 
steady-state sine -wave basis. 

Test Procedure. To make dynamic 
headroom a meaningful audio specifica- 
tion, the IHF devised a test signal and 
procedure which approximates what 
happens to an amplifier when it is driven 
by music signals. A photograph of the 
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Fig. 1 First 60 ms of the 
Dynamic Headroom 
test signal. 

Fig. 2 The amplifier ís 
driven to rated 
continuous output by 
1000 -Hz sine wave. 

Fig. 3 The "burst" portion 
of DH test signal 
drives amplifier 
beyond rated output. 
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oscilloscope trace produced by the first 
60 milliseconds of the test signal is 

shown in Fig. 1. It comprises 20 cycles 
of a 1000 -Hz sine wave, followed by 480 

cycles of a sine wave at the same fre- 
quency at -20 dB relative to the high- 
level tone burst. This waveform is re- 

peated every 500 milliseconds. Musical 
peaks lasting more than 20 milliseconds 
(the high-level portion of the test signal 
period) are rare, and apparently do not 
occur as often as twice in one second. 
The test signal, therefore, is more de- 
manding than typical music waveforms, 
while the rate of repetition makes mea- 
surement more convenient. The test 
procedure is as follows. 

A continuous train of 1000 -Hz sine 
waves is applied to the amplifier input, 
with the output monitored on an oscillo- 
scope. The amplifier's gain is adjusted 
so that the rated continuous average 
power output is delivered to the rated 
load impedance. Figure 2 shows this 
output on a scope whose vertical sensi- 
tivity is 10 volts/cm. As you can see, the 
peak -to -peak output voltage is 40 volts, 
which corresponds to 25 watts into 8 

ohms, the rated continuous average 
power of the amplifier under test. 

Next, the test signal shown in Fig. 1 is 

applied to input jacks of both channels 
of the amplifier, while the output is care- 
fully monitored on the scope. The test 
signal's amplitude is adjusted so that 
clipping of the high-level portion of the 
output waveform barely becomes visible 
(Fig. 3). This portion of the amplified test 
signal is 6 -cm high, so it is 60 volts peak - 
to -peak across the 8 -ohm load. 

The amplifier's dynamic headroom 
can now be calculated using the expres- 
sion DH = 20 log (V2/V1), where V2 is 

the peak -to -peak voltage of the high-lev- 
el portion of the amplified test signal and 
V1 is the peak -to -peak voltage of the 
output sine wave delivered by the am- 
plifier to the rated load when it is produc- 
ing its rated continuous average output 
power. ]Alternatively, the rms values of 

these voltages can be used in place of 
the peak -to -peak values, or the two re- 

spective power levels in watts can be in- 

serted into the familiar 10 log (P2/P1) 
formula.] In the case of the amplifier un- 
der test, the dynamic headroom is 20 log 

(60/40) or 3.52 dB. In general, dynamic 
headroom is expected to vary from 0 dB 
for an amplifier with a very well -regulat- 
ed supply to 3 dB or so for an amplifier 
which can deliver twice its rated continu- 
ous power on an intermittent basis. 

Frequency Response. Under the 

new standard, this measurement must 
be performed so that the amplifier is 

subjected to standard test conditions, 
which are spelled out in the second sec- 
tion of IHF-A-202 1978. An amplifier's 
frequency response can be measured 
after a 0.5 -volt signal has been applied 
to its input, and its gain control adjusted 
so that a 1 -watt output signal is deliv- 
ered to the rated load. Previously, this 
measurement was performed at max- 
imum amplifier gain, the most favorable 
setting for high -end response in some 
amplifiers. Also, the frequency response 
must now be given as +X, -Y dB refer- 
enced to the amplifier's output at 1000 
Hz. Accordingly, an amplifier's response 
must appear as, say, +0, -2 dB from 7 

to 70,000 Hz rather than ± 1 dB over the 
same bandwidth. A phono preamplifier's 
frequency response will appear as a 

plus -and -minus equalization error in dB 
referenced to 1000 Hz. 

For a preamplifier, input signals must 
be 0.5 volt for a line (Aux, Tape, Tuner) 
input, 5 mV for a moving -magnet phono 
input, and 500 µV for a moving -coil pho- 
no input. The preamplifier's gain control 

TO PHONO 
INPUT 

Fig. 4. Connect this circuit to 
preamp's moving -magnet phono 
inputs for noise measurements. 

should be adjusted to produce 0.5 volt 
into the new standard preamplifier 
load -10,000 ohms in parallel with 1000 
pF; and all tone controls, filters, etc., 
should be defeated or at least set to their 
nominally flat positions. Standard input 
terminations should also be used -1000 
ohms for line and moving -magnet phono 
inputs and 100 ohms for moving -coil 
phono inputs. 

Sensitivity. In the past, this specifica- 
tion has been used to relate how much 
input signal was required to drive a com- 
ponent to its rated output. The new 
standard defines sensitivity as the input 
signal required to drive a component to 
the appropriate reference output (0.5 
volt for a preamp, 1 watt for an amplifier) 
into its standard output termination. 

This means that sensitivity figures 
published in accord with the new stand- 
ard will be lower than those previously 
published, giving the impression that the 

new crop of audio components are 
much more sensitive. Let's consider a 

practical example. 
Assume that one 100-W amplifier can 

be driven to rated continuous average 
power output by a 1 -volt rms input sig- 
nal, and that another requires the same 
1 -volt rms input to produce its rated con- 
tinuous average power output of 10 

watts. Under the old system, both am- 
plifiers would have the same sensitivity 
rating -1.0 volt. However, with the new 
standard, their sensitivities differ sub- 
stantially as the following illustrates. 

For an amplifier driven by a sine -wave 
input to deliver 100 watts to an 8 -ohm 
load, it must produce a 28.28 -volt rms 
output waveform. For 10 watts, the out- 
put voltage is 8.94 volts rms; for 1 watt, 
2.828 volts rms. The 100-watt/channel 
amplifier has a voltage gain of 28.28. 
But the 10-watt/channel amplifier's volt- 
age gain is only 8.94. Therefore, the 
100-watt/channel amplifier requires only 
0.1 volt rms if it is to produce the refer- 
ence 1 watt output. The 10-watt/channel 
amplifier, on the other hand, requires a 

0.313 -volt rms input to produce the 

same 1 -watt reference output. The two 
amplifiers' "new" IHF sensitivities differ 
by slightly more than a factor of three, 
and are 0.1 and (about) 0.3, respective- 
ly, of their "old" sensitivities. 

AWeighted S/N. Signal-to-noise 
ratios published under the auspices of 
the new IHF standard will differ from 
those determined by other methods for 
several reasons. In measuring a compo- 
nent's signal-to-noise ratio, a manufac- 
turer will typically apply an input signal of 
a given strength (the exact amplitude 
varies from one manufacturer's test 
procedure to the next) and adjust the 
component's gain so that it is producing 
its rated output. Next, the input signal 
source is replaced with a short circuit, 
whereupon the output signal's amplitude 
is measured. The resulting ratio of the 
component's output amplitude when its 

input is shorted to the rated output is the 
signal-to-noise ratio. 

As straightforward as this procedure 
seems, there are several variables as- 
sociated with it that can cause confusion 
when one manufacturer's ratings are 
compared to those of another. One 
problem area is the amount of input sig- 
nal used to drive the component to its 

rated output. Consider, for example, the 
effect of input signal level on the signal- 
to-noise ratio of a phono preamplifier. 
Some manufacturers perform this test 
with a 2- or 3 -millivolt input signal, which 
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is enough to drive the preamplifier to its 
rated output with the volume (gain) con- 
trol at its maximum setting. Others, rec- 
ognizing that most moving -magnet car- 
tridges produce considerably higher out- 
puts when they track heavily recorded 
passages, apply 10 mV to the phono in- 
put. They then advance the volume con- 
trol until the preamplifier produces its 
rated output. 

Obviously, applying a greater input 
signal to the preamplifier means that 
less gain is required if the preamplifier is 
to produce its rated output. This results 
in a greater signal-to-noise ratio be- 
cause the noise, most of which is gener- 
ated in the input circuit before the vol- 
ume control, will be amplified less. Also, 
referencing a component's signal-to- 
noise ratio to its rated output makes 
comparison to the signal-to-noise ratio 
of another component misleading un- 
less both have the same rated output or 
a corrective factor is introduced to put 
both components on an equal footing. 

The new standard attempts to set 
matters right by dictating that signal-to- 
noise measurements be performed in 
accord with the standard test conditions 
mentioned earlier. Input levels are to be 
5 mV for moving -magnet phono inputs, 

m o 
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0- 

cc 
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500 mV for line level inputs, and 500µV 
for moving -coil phono inputs. A compo- 
nent's gain control is to be adjusted so 
that the appropriate reference output 
level (0.5 volt for a preamp, 1 watt for an 
amplifier) is presented to the standard 
load impedance. 

The way in which a component's in- 
puts are terminated has also complicat- 
ed matters. Most noise measurements 
are made with the inputs shorted to 
ground. However, the impedance seen 
by the preamp when driven by an actual 
cartridge is by no means a short circuit. 
Measurements made when a cartridge 
is connected to the preamp's inputs can 
vary considerably from those obtained 
when the inputs are shorted. 

To approximate the effect of a phono 
cartridge, the new standard specifies 
that the network shown in Fig. 4 be con- 
nected to each channel's moving -mag- 
net phono input when noise measure- 
ments are performed. Moving -coil inputs 
are to be terminated with a 100 -ohm re- 
sistor and line level inputs with a 1000 - 
ohm resistor. Standard output termina- 
tions are also to be used. 

Another key area in which signal-to- 
noise specifications published under the 
new standard differ is in the area of 
weighting. The philosophy behind 
weighting is that not all noise signals are 
equally annoying to the listener. The fa- 
mous Fletcher -Munson curves clearly 
indicate that, at low listening levels, the 
human ear is considerably more sensi- 
tive to midrange frequencies than to 
bass and, to a lesser extent, treble fre- 
quencies. Weighting, therefore, is an at- 
tempt to take this characteristic of the 
ear into account when measuring a 
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Fig. 5. The "A" weighting curve (top) reflects the ear's sei sitivity 
vs. frequency at listening level of 70 phons. Circuit below provides "A" 
weighting and matches 60 -ohm output to high -impedance instrument. 

quantity such as signal-to-noise ratio. 
The goal is to make specifications more 
meaningful so far as "real life" audibility 
is concerned, not to make the "num- 
bers" look better. 

Accordingly, the new standard calls 
for the use of the ANSI "A" weighting 
curve shown in Fig. 5A. This curve cor- 
responds to the sensitivity of the human 
ear at a listening level of 40 phons. It 

peaks at about 2000 Hz and rolls off (at 
different rates) above and below that fre- 
quency. Weighting can be accomplished 
by inserting a suitable network between 
the output of the device under test and 
the measuring instrument. 

Shown in Fig. 5B is an RC network 
which will provide "A" weighting and 
also match a 600 -ohm output imped- 
ance to a test instrument (such as a 

VTVM) with a high input impedance. If a 

voltmeter is used to measure noise, the 
greatest reading will be obtained if the 
bulk of the noise components are at mid- 
range frequencies. Noise consisting 
mainly of hum at the power -line frequen- 
cy or its second harmonic and high -fre- 
quency hiss will produce lower readings. 

Total Harmonic Distortion. The 
new standard changes the definition of 
this key specification. It states that the 
spectrum analyzer, as opposed to the 
"old reliable" nulling distortion analyzer, 
is the preferred instrument to be used to 
measure THD. Total harmonic distortion 
in percent is determined as follows. 

The amplitudes in rms volts of the fun- 
damental frequency and its harmonics 
appearing at the output of the device un- 
der test are to be measured using a 

spectrum analyzer. Then the amplitudes 
of the harmonics are squared, added, 
and the square root of the resulting sum 
extracted. The square root is divided by 
the rms amplitude of the fundamental 
and the quotient multiplied by 100. 

The older method of determining 
THD, namely by taking the reading from 
a conventional distortion analyzer, was 
flawed because it included residual 
noise in the "distortion." (The output of 
the conventional analyzer is now de- 
fined as total harmonic distortion plus 
noise, THD + N.) When measuring dis- 
tortion at low output power levels, it was 
difficult to satisfy the FTC requirement 
that rated distortion not be exceeded at 
any power level from 0.25 watt to the rat- 
ed continuous power output. 

The problem is illustrated in the fol- 
lowing practical example. An amplifier 
was driven to a high output level by a 
1000 -Hz sine wave so that its output had 
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a THD content of 1%, as indicated on a 

conventional harmonic distortion analyz- 
er. (The conventional analyzer nulls out 
the fundamental component of the am- 
plifier output, measuring the amplitude 
of remaining signal components.) The 

amplifier's output is shown as the top os- 

cilloscope trace in Fig. 6, and the output 
of the distortion analyzer as the lower 
trace. The output signal was then ap- 
plied to a spectrum analyzer. The 
1000 -Hz fundamental of the input signal 
appears at the center of the spectrum 
analyzer's output (Fig. 7), and the har- 

monics to the right. The THD of the am- 
plifier output was calculated to be 1% by 

including the amplitudes of all harmon- 
ics which were less than 10 dB below 
the strongest harmonic (3000 Hz) in the 
algorithm previously described. Cal- 
culated distortion agreed closely with 
the reading on the conventional distor- 
tion analyzer. 

Next, the level of the input signal was 
reduced so that the output of the amplifi- 
er was only 0.25 watt. The output was 
sampled by the distortion analyzer, and 

a reading of 1% was obtained. Some- 
thing was obviously wrong! 

Applying this low-level output signal to 

the input of the spectrum analyzer while 
monitoring amplifier and distortion 
analyzer outputs on a scope, revealed 
the reason for the puzzlingly high distor- 
tion reading. (The top trace in the scope 
photo of Fig. 8 is the amplifier output, 
with vertical sensitivity increased; the 
lower trace shows the distortion analyz- 
er's output. Fig. 9 displays a CRT trace 
on a spectrum analyzer.) 

The false distortion analyzer reading 
was actually caused by the low-level 
noise in the amplifier output, not by har- 
monic components. At this low power 
level, the noise produced by the amplifi- 
er was -40 dB referenced to the ampli- 
fied test signal. The THD content, how- 

ever, is substantially better (about -70 
dB). Clearly, the distortion products 
were masked by noise. For this reason, 
the new standard defines the conven- 
tional distortion analyzer's reading as 

THD + N. 

Input Impedance. As a rule, the out- 
put impedance of one audio component 
is not closely matched to the input 
impedance of the component it is driv- 
ing. For example,'the output impedance 
of a preamplifier is usually low, on the 
order of a few hundred ohms, but the in- 

put impedance of a power amplifier is 

high, commonly tens of kilohms. How- 

ever, the components are compatible. 

1 

Fig. 7. Spect at. analysis of 
the amplifier output shown 

as top trace in Fig 6. 

Fig. 9. Spectral analysis 
of loth -level amplifier 

output shows that any 
harmonic distortion 

prod ¡let s a re so low us to be 

below "grass" of noise floor. 

- Fig. 6. Amplifier output driven 
to mild clipping (top) has a 
THD content of 1% as indicated 
by a distortion analyzer, whose 
output is shown at bottom. 

Fig. 8. When amplifier output 
i. reduced to 0.25 watt (top), 
output of nulling distortion 
(Liza 1 yzer (bottom) consists 
almost entirely of noise. 
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The exception to this rule is the junc- 
tion of the phono preamplifier and car- 
tridge. Most moving -magnet cartridges 
perform optimally only when they see a 

specific preamp input impedance, typi- 
cally 47,000 ohms resistive shunted by a 

small amount of capacitance. The exact 
amount varies from one cartridge to the 

next, but is usually within the 200- 
to-500-pF range. If the cartridge is not 

properly loaded, aberrations in its fre- 

quency response will occur. 
The new standard takes the critical 

nature of phono input impedance match- 
ing into account by requiring that the in- 

put impedance be measured at several 
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frequencies. If it can be accurately de- 
scribed as a parallel RC circuit, then the 
R and C values are to be given as the 
rated input impedance. If the impedance 
is too complex to be modelled by a sim- 
ple RC network, it is to be rated as the 
magnitude of the impedance in ohms at 
1000 Hz. 

Secondary Disclosures. In addition 
to primary specifications, the new stand- 
ard also includes many secondary dis- 
closures any or all of which may be pub- 
lished at the manufacturer's option. 
Many of these specifications are similar 
to those published in earlier standárds, 
so most readers are probably acquaint- 
ed with at least a few of them. However, 
several new ones have been developed 
in response to advances in both amplifi- 
er technology and our understanding of 
psychoacoustics. Let's look at a few of 
these new specifications. 

Clipping Headroom. Most amplifier 
manufacturers have been rating con- 
tinuous average power outputs of their 
products at THD levels that are un- 
detectable by the human ear. However, 
it's useful to know when an amplifier's 
power output is exceeded to the point of 
clipping, which grossly (and audibly) dis- 
torts the input signal. That's what a clip- 
ping headroom spec reveals. It is the 
ratio (expressed in dB) of the continuous 
average power output at actual clipping 
to the rated continuous average power 
output of the amplifier. 

Damping Factor. The new standard 
defines damping factor as the ratio of 8 

ohms to the output impedance of the 
amplifier. Output impedance is to be 
measured while a standard output cur- 
rent is flowing from the amplifier into the 
load to simulate typical operating condi- 
tions. There are two damping factors 
which can be published. An amplifier's 
wideband damping factor is the mini- 
mum damping factor measured over its 
rated power bandwidth. The amplifier's 
low -frequency damping factor is mea- 
sured at 50 Hz, the resonant frequency 
of a typical speaker system. Previously, 

an amplifier's damping factor was rated 
at 1000 Hz. The new spec is an im- 
provement because a high damping fac- 
tor can be more important in the bass re- 
gion than in the midrange, and an am- 
plifier's damping factor is not necessarily 
constant with frequency. 

lntermodulation Distortion. Two 
methods of measuring IM distortion are 
specified in IHF-A-202 1978. In the old 
method, low- and high -frequency test 
signals were applied, and the output 
sampled. Here, if the amplifier is nonlin- 
ear, the high -frequency tone will be 
modulated to an extent by the low -fre- 
quency signal. Products will appear at 
the sum and difference frequencies. 
This method is called SMPTE-IM be- 
cause the Society of Motion Picture and 
Television Engineers developed it. 

Recent investigations, however, indi- 
cate that intermodulation of two relative- 
ly high -frequency tones may be more 
audibly significant. Accordingly, the new 
method, called IHF-IM, employs test sig- 
nals at two frequencies which are swept 
across the audio band so that the differ- 
ence between them remains a constant 
1000 Hz. The mean frequency is to be 
swept from 2500 Hz to the upper limit of 
the amplifier's rated power bandwidth. 

All IM products up to the fifth order 
within the 20 -to -20,000 -Hz band are 
to be measured and combined using an 
algorithm similar to that for THD calcula- 
tions to determine IHF-IM in percent. 
Measurements can be made at a series 
of power levels to produce a family of IM 
distortion vs. frequency curves. Either a 

For those wanting more complete 
information on the new amplifier 
standard, Standard Methods of 
Measurement for Audio Amplifiers, 
IHF-A-202 1978, is available for 
$7.50 from the Institute of High Fi- 
delity, 489 Fifth Avenue, New 
NY 10017. 

spectrum analyzer (the most convenient 
instrument) or a swept filter and oscillo- 
scope (or voltmeter) can be used to per- 
form IHF-IM measurements. 

Transient and Slew Specifica- 
tions. The importance of an amplifier's 
ability to respond accurately to short- 
lived musical transients has been recog- 
nized in recent years. Two new specifi- 

cations which help to rate transient -han- 
dling ability are Transient Overload Re- 
covery Time and Slew Factor. 

To measure an amplifier's transient 
overload recovery time, the test signal 
shown in Fig. 1 (the same one used in 

the dynamic headroom test) is applied to 
its input. The amplitude of the input sig- 
nal is then adjusted so that the low-level 
trailing portion is amplified to -10 dB 
relative to the rated continuous average 
power output of the amplifier. This 
means that the high-level, 20 -mil- 
lisecond "burst" portion of the test signal 
drives the amplifier 10 dB into overload. 

The portion of the output signal im- 
mediately after the trailing elge is scruti- 
nized on a scope. The time in mil- 
liseconds required by the amplifier to re- 
cover so that there is no visible distortion 
on the oscilloscope is measured for 
each input. The worst -case result (long- 
est recovery period) is the rated tran- 
sient overload recovery time. 

The second transient -related specifi- 
cation is slew factor. This new term 
should not be confused with the more fa- 
miliar slew rate, which is the maximum 
time rate of change in voltage at the out- 
put of the amplifier. There are several 
ways to measure slew rate, but not all of 
them will yield the same result. For this 
reason, the new standard speaks in 

terms of slew factor rather than slew 
rate. 

Slew factor is a ratio which describes 
the highest frequency (normalized to 
20,000 Hz) that can be applied to the in- 
put of a component and be presented in 

amplified form at the output with a THD 
content of not more than 1 percent. The 
slew factor is obtained by dividing the 
highest frequency that satisfies these 
conditions by 20,000 Hz. The test is per- 
formed by applying a 1000 -Hz input sig- 
nal and adjusting its level so that the 
component delivers its rated output. The 
input signal is maintained at this level 
as it is swept upward in frequency. Har- 
monic distortion measurements are 
made as outlined earlier. 

In Conclusion. The new IHF standard 
should do much to dispel the ambigui- 
ties encountered by prospective pur- 
chasers when comparing the specifica- 
tions of preamplifiers, power amplifiers, 
and integrated amplifiers that are pro- 
duced by different manufacturers. Per- 
haps its greatest accomplishment is to 
bring printed specifications into closer 
agreement with what we actually hear, 
thereby allowing the consumer to make 
a fully informed buying decision. O 
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ATYPICAL audio system is not suit- 
able for disco applications. It lacks 

the mixing,'monitoring, and microphone 
preamps normally found in such facili- 
ties. The Disco Mixer presented here is 

a special-purpose audio preamplifier/ 
mixer with a number of attractive and 
unusual features. It has two indepen- 
dent phono preamplifiers employing the 
new IEC equalization characteristic, two 
IC -buffered auxiliary inputs, a low -noise 
microphone preamplifier, switching and 
mixing capability for multiple inputs, and 
the traditional preamp's bass, treble, 
balance, and volume controls. The Dis- 
co Mixer also contains a monitor circuit 
that allows the user to cue records or lis- 
ten to one program source while another 
is driving the system's power amplifier. 

You can build either a preamp/mixer 
or a preamplifier only. A kit for the 
preamp/mixer is $110, while one for the 
preamp alone is just $70. 

The Disco Mixer is designed around 
six integrated circuits. Thanks to the ad- 
vent of specialized IC's, signal process- 
ing functions previously performed by 
dozens of discrete components can now 
be accomplished by single chips. In 

many cases, both stereo channels can 
be handled by one IC. 

High-level signals in this project are 
processed by members of a new family 
of high-performance op amps that are 
fabricated by "BIFET" technology. This 
is a process which allows diffusion of 

bi-fet 
pre -amp 

Build a Disco 
Preamp/Mixer 

Provides multi -source inputs and 

mixing/fading for your home disco. 

both junction -field-effect and bipolar - 
junction transistors on the same chip. 
These op amps exhibit the excellent in- 

put characteristics of JFET's and the 

highly desirable output characteristics of 

BJT's-literally, the best of both worlds. 
BIFET op amps have higher slew rates 
and cause less TH and IM distortion 
than common bipolar IC's (see Fig. 1). 

About the Circuit. A block diagram 
of the complete mixer/preamplifier is 

shown in Fig. 2. Functionally, the Disco 
Mixer can be considered to be made up 

of three types of circuits: input condition- 
ing, high-level processing, and output 
conditioning. Let's examine each. 

Input conditioning for the line -level 
auxiliary inputs, which would typically be 

driven by a tuner or tape deck, consists 
of simple unity -gain inverting buffers. 
One of the four buffers included in the 

preamp is shown in Fig. 3. An RC net- 
work at the buffer input acts as a high- 
pass filter to prevent the passage of a dc 

level or infrasonic ac signals. One sec- 
tion of a quad BIFET operational amplifi- 
er, IC3, presents an inverted version of 

the input signal to the switching matrix 
composed of S2 and S4. This buffer dis- 
plays a relatively high impedance (about 
50,000 ohms) to the program source 
and a very low output impedance to the 

switching matrix. This avoids loading 
down the signal source and prevents in- 

teraction in the mixing process. 

. 
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Fig. I. TI 's TL074 BIFET op amp 
generates less distortion than 
common bipolar linear IC's. 
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The signal conditioning stage for the 
microphone input must be able to ampli- 
fy signals generated by the microphone 
by 60 dB (1000 V/V) or more. An 

NE5534N integrated circuit was select- 
ed for this task (Fig. 4) because it has a 

high open -loop voltage gain and a very 
low input noise voltage. The open -loop 
gain-the gain of the device in the 
absence of feedback-must sufficiently 
exceed the closed -loop gain selected by 
the proper choice of feedback compo- 
nents if the amplifier is to exhibit gain ac- 
curacy and low distortion. (An amplifier's 
closed -loop distortion is its open -loop 
distortion divided by the ratio of open - 
loop to closed -loop gain.) The micro- 
phone preamp's input noise voltage is of 

critical importance because this noise 
signal will be amplified along with the 
millivolt -level microphone output signal. 

With an open -loop gain of 6000 V/V at 

10,000 Hz and less than one microvolt 
of input noise, the NE5534 (IC7) meets 
the foregoing requirements easily. The 
noninverting microphone preamp fea - 
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tures a pc -mounted trimmer potentiome- 
ter (R43) which allows the user to adjust 
the stage's gain to suit the sensitivity of 
a particular microphone. As is the case 
with the auxiliary input buffers, signals 
are capacitively coupled to the op amp. 
The microphone preamplifier has a high 
input impedance that will not load down 
the microphone, and presents a low out- 
put impedance to the mixing stage. 

Similar gain and noise requirements 
must be satisfied by the phono pream- 
plifiers. In addition, these stages must 
contain an equalization network which 
properly compensates for the preem- 
phasis introduced in the recording pro- 
cess to increase dynamic range and suit 
the constant -velocity characteristic of 
the playback transducer (phono car- 
tridge). At present, there is some debate 
as to the ideal de -emphasis (playback) 
curve. The existing RIAA does not clear- 
ly specify exactly how a phono pream- 
plifier's gain should roll off at low fre- 
quencies. 

This has resulted in many phono 
preamps with very high gain at infrason- 
ic frequencies, a situation which can 
cause serious problems when warped 
records are played or acoustic feedback 
combines with turntable rumble. The 
phono cartridge, preamplifier, power 
amplifier and speakers try to reproduce 
the warp or rumble as if it were a valid 
audio signal. However, many speakers 
are not designed and lack the ability to 
generate such strong, very low frequen- 
cy output and can be damaged while at- 
tempting to do so. 

Therefore, a feedback network com- 
prising R3 through R7 and C7, C9 and 
CIO has been incorporated into the pho- 
no preamplifiers (Fig. 5) so that these 
stages exhibit a frequency response 
which agrees with the International Elec- 
trochemical Commission's proposed 
amendment to the RIAA characteristic. 
The deviation from the RIAA curve its 

slight and only at the lowest audible fre- 
quencies, and the improvement in infra- 
sonic signal attenuation considerably 
outweighs the almost imperceptible (-3 
dB at 20 Hz) low -frequency rolloff. 

The LM387AN dual low -noise pream- 
plifier has been chosen for IC1 and IC2 
because of its excellent (high) open -loop 
gain and (low) noise characteristics. 
That there are two independent, identi- 
cal amplifiers in one 8 -pin DIP helps 
simplify the pc layout. The phono car- 

tridge drives the noninvertmg input and 
is loaded by R2, a 47,000 -ohm resistor 
and C6, a small disc ceramic, glass, po- 
lystyrene or silver mica capacitor. The 
user should consult the manufacturer for 
the recommended capacitance for his 
particular cartridge. In most cases, the 
value will lie between 10 and 300 pF. 

Now that all input signals have been 
amplified to reasonable levels and 
impedances normalized, mixing can be 
performed in a straightforward manner. 
Two four -station interlocked switch ar- 
rays (S2 and S4) assign any one of four 
input signals to two mixer potentiome- 
ters, R46 and R47, as shown in Fig. 6. 
The wipers of these potentiometers are 
connected to one quarter of IC6, a quad 
BIFET operational amplifier, which is 
used as a unity gain inverting summer. 
This allows the user to mix any two of 
the four inputs or pan back and forth be- 
tween the two as a disc jockey at a dis- 
cotheque would. A third potentiometer, 
R51, mixes in a portion of the micro- 
phone preamp output so that the disc 
jockey can voice over his mix. 

The inverting summer drives both the 
output conditioning circuitry of the 
preamplifier and a special monitor circuit 
which has been designed into the mixer 
section. This circuit allows the user to 
listen to other program sources without 
affecting the main preamplifier output, 
an especially convenient feature when - 

PHONO 
INPUTS 

AUX 
INPUTS 

MIC 
INPUT 

A SELECT 

B SELECT 

1 

MIX 
B 

LEVEL 
MIC 

HIF- AUTO CUE 
SUMMER 

-E- MAIN 
SUMMER 

MONITOR 
SELECT 

MONITOR 
LEVEL 

TO OTHER 
CHANNEL 

BALANCE 

- TO FROM - TAPE MONITOR 

VOLUME 

1 

MONITOR 
DRIVER 

MONITOR 
OUTPUT 

OUTPUT 

Fig. 2. Block diagram of combined preamplifier and mixer showing inputs, outputs, and controls. 
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Fig. 3. Schematic of one 
of four auxiliary input 
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Fig. 5. One of four 
phono preamps with 
IEC equalization. 
Capacitive coupling 
is used as in all 
other inputs. 

TO 
951 

cueing up special record cuts or verify- 
ing the desired operation of a program 
source before routing it to the output. 

A four -station interlocked switch ar- 
ray, S5, selects the monitoring mode. 
The user can monitor the A mixer input 
only, the B input only, the main pream- 
plifier output (highly desirable if he is in a 

booth away or acoustically isolated from 
the sound system), or monitor in the 
"Auto -Cue" mode. Auto -Cue monitoring 
means that the user is listening to the 
exact opposite of his mix settings. For 
example, if MIX A potentiometer R46 is 

at its maximum setting and MIX B poten- 
tiometer R47 is at its minimum setting, 
he will hear the MIX B signal through the 
monitor if S5 is in the Auto -Cue position. 
Then, if the Mix A potentiometer is rotat- 
ed fully counterclockwise and MIX B fully 
clockwise, Mix A will be heard. This 
mode is very useful in two -turntable sys- 
tems because it allows the deejay to al- 
ways listen to the one being cued. 

Tne level of the monitor signal is con- 
trolled by MONITOR LEVEL potentiometer 
R48. A dual 2 -watt audio amplifier, IC5, 

amplifies the monitor signal and delivers 
it to J4, a stereo phone jack. Either a pair 
of headphones or small monitor speak- 
ers can be plugged into J4. The audio 
IC, an LM377N, has internal current lim- 
iting and thermal protection so that, if 

overloaded, it will shut itself off until it 

CI, C2, C3, C20*, C25 -1000-11F, 16 -volt 
electrolytic 

C4, CI4-220-µF, 35 -volt electrolytic 
C5*, C21, C22, C26 -0.1-11F, 50 -volt disc 

ceramic 
C6** -10 -to- 300-pF (see text) 
C7**-22-1LF, 16 -volt electrolytic 
C8**, CI I** -4,7-µF, 16 -volt electrolytic 
C9**-2200-pF, 5% tolerance polystyrene 
C 10**-8200-pF, 5% tolerance polystyrene 
Cl2**, C13, C17*, C18 -I -µF, 16 -volt elec- 

trolytic 
C I5*- 0.1-µF. 10% tolerance Mylar 
CI6*-0.0l-µF, 10% tolerance Mylar 

I C 19*-100-pF disc ceramic 
C23, C24 -0,01-µF disc ceramic 
C27*-10-pF disc ceramic 
Dl through D6 -1N4001 rectifier 
FI -i' -ampere fast -blow fuse 
ICI, 1C2-LM387AN dual low -noise pre- 

amplifier (National Semiconductor) 
IC3, 1C4, IC6-TL074CN BIFET quad opera- 

tional amplifier (Texas Instruments) 
IC5-LM377N dual 2 -watt audio amplifier 

(National Semiconductor) 
1C7-NE5534N low -noise preamplifier (Sig- 

net ics) 
J I **-insulated phono jack 
J2**,15*,16*,17*,J8*-phonojack 
J3 -14 -inch phone jack 
14 -14 -inch stereo phone jack 
LED1-20-mA light emitting diode 
The following are 14 -watt. 5% tolerance car- 

bon -film resistors. 

PARTS LIST 

R 1*, R 13, R40-10 ohms 
R2** -47,000 ohms 
R3 * *-43,000 ohms 
R4** -360 ohms 
R5** -33,000 ohms 
R6** -390,000 ohms 
R7** -3600 ohms 
R8**, R9**, RIO**, RII**, R12**, R15, 

R17*, R20*, R27*, R28*, R29*, R30*, 
R31*, R32*, R33*, R34*, R35*, R36*, 
R37*, R38, R41*, R42-100,000 ohms 

R16*, R26* -100 ohms 
R I9* -24,000 ohms 
R21*, R22*, R23* -5600 ohms 
R14, R24*. R25* -1800 ohms 
R43 -10,000 -ohm linear -taper printed circuit 

trimmer potentiometer 
R44 -100,000 -ohm linear -taper potentiometer 
R45 through R48 -50,000 -ohm dual audio - 

taper potentiometer 
R49, R50 -50,000 -ohm dual linear -taper po- 

tentiometer 
RS I -50,000 -ohm audio -taper potentiometer 
SI , S3-Dpdt pushbutton switch 
S2, S4, S5 -four -station dpdt interlocked 

pushbutton swich 
TI -24 -volt, 100-mA center -tapped trans- 

former (Signal Transformer Co. 
#241-4-20) 

Misc.-Printed circuit boards and standoffs, 
IC sockets or Molex Soldercons (if desired), 
shielded cable, LED holder, hookup wire, 

suitable enclosure, machine hardware, line 
cord and strain relief or grommet, solder, 
etc. 

Note -The following are available from Phoe- 

nix Systems, 375 Springhill Road, Monroe, 
CT 06468, (203) 261-4904: Complete kit of 
parts including enclosure for preamp/mixer, 
No. P -1130 -DM, for $110.00; complete kit 
of parts including enclosure for preamp 
only, No. P -1130 -PA, for $70.00; etched 

and drilled preamplifier pc board, No. P- 

1130-BPA, for $7.50; etched and drilled 
mixer pc board, No. P-1130-BDM, for 
$7.50; power transformer TI, No. 

P -I 130-T, for $6.00; dpdt pushbutton 
switch, No. P -I 130-SW1 $1.00; four -sta- 

tion dpdt interlocked switch, No. P-1130- 
SW2, for $4.00; BIFET quad op amp, No. 

P-1130-C-TL074CN, for $3.50; dual low - 
noise amplifier, No. P -I 130-C-LM387AM, 
for $3.50; dual 2 -watt audio amplifier, No. 

P-1130-C-LM377N, for $3.00; and low - 

noise, high -gain op amp, No. P-1130-C- 
NE5534, for $3.00. All integrated circuits 
are fully tested. Please allow six weeks for 
delivery. Connecticut residents add 7% 

sales tax; COD charge $0.85. Handling 
charge is $1.00 for orders of less than 

$10.00. No shipping charges within conti- 
nental U.S. 

*-two of each component required for full 
stereo preamp/mixer. 

**-four of each component required for full 
stereo preamp/mixer. 
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The world of electronics is daily becoming more 
challenging. Technology is growing more, specialized, 
and the importance of digital systems increases 
every day. Test instruments, home entertainment 
units and industrial control systems are all going 
digital. And now, NTS training programs include a 
wider choice of solid-state and digital equipment than 
ever before offered in any home study course: 
Advanced NTS/Heath digital color TV (25" diagonal 
with optional programming capability), NTS/Heath 
microcomputer, digital test equipment, digital stereo 
receiver (70 watts per channel), NTS compu-trainer, 
plus much more state-of-the-art equipment to make 
your training exciting and relevant. 

The equipment you receive with NTS training 
programs is selected to provide you with a solid 

....: ``, 
.... 

u 

..t,. 
f 

o 
,o ooce000 o 0.9` 
5. vá 

1200 1= \ 

J 

background in electronic systems. Kits and lessons 
are designed to work together to demonstrate 
electronic principles and applications. The kit -building 
not only shows you how electronic hardware 
functions, but how various circuit designs accomplish 
different purposes. Your lessons guide you through 
any number of experiments associated with many 
projects. Thus is the Project -Method, and it works. 
Step-by-step, you learn how and why digital 
electronics has become a part of our world, and the 
even bigger role it is sure to play in the future. 

Whether you are looking for training in Consumer, 
Commercial, or Industrial electronics, NTS offers 
fourteen courses, some basic, many advanced, in 
several areas of electronics. An all -new full -color 
NTS catalog shows you what each course covers, 
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cools down, thus avoiding thermal self- 
destruction. 

The output of the mixer is applied to 
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the output conditioning section of the 
preamplifier (Fig. 7). Switch S3 provides 
tape monitor facilities. Potentiometers 
R44 and R45 are balance and volume 
controls, respectively. A BIFET buffer 
amplifies the signal and presents it to 
the output stage in which the tone con- 
trols are found. Drive signals for the sys- 
tem's power amplifier(s) are available at 
jacks J7 and J8. 

The excellent power supply rejection 
of the integrated circuits employed in 
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this project eliminates the need for a 
regulated supply. As shown in Fig. 8, 

two full -wave rectifiers and filter capaci- 
tors furnish the ±15 volts required by 
the BIFET operational amplifiers and the 
microphone preamp. The +15 -volt line 
is tapped to power the monitor audio 
driver. A voltage doubler composed of 
C3, C4, D5 and D6 develops the +25 
volts required by the phono preamps. 

Construction. Printed circuit assem- 
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OUTPUT 

R35 
100K Fig. 6. Schematic diagram of the 

mixing and monitoring circuits 
(one channel shown). BIFET op amps 
perform the mixing and an audio 
IC provides monitor output. 
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Fig. 7. Output stages of the preampliJiel 
for one channel. Conventional bass and 
treble tone controls are included. 
as well as a tape monitor loop. 

Fig. 8. Schematic of power supply. which 
delivers three voltages required by 
the disco mixer stages (+15. -15 and +25 V). 
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bly techniques are strongly recom- 
mended. Although it is possible to em- 
ploy perforated board and point-to-point 
wiring, the layout of the high -gain stages 
(phono and microphone preamplifiers) is 

critical. These circuits are very sensitive 
to ground loops, hum fields and stray 
feedback paths. Extensive power supply 
decoupling is called for because the IC's 
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Fig. 9. Actual -size etching and drilling 
guide for the pc hoard for the 
preamplifier is shown at left. A diagram 
for components placement is above. 

employed in this project have very high 
gain -bandwidth products and can break 
into oscillation very easily. 

Suitable etching and drilling and parts 
placement guides for the preamp and 
mixer boards are shown in Figs. 9 and 
10, respectively. If mixing facilities are 
not desired, the preamp board can be 
used on its own as a high -quality stereo 

o 
r 
m 

-1:11 

o 

preamplifier. You will notice that both the 
schematic diagrams and the pc guides 
contain numerous points labelled with 
letters of the alphabet. These have been 
included to ease interconnections be- 
tween the boards, and the boards and 
the jacks, switches and potentiometers. 
Most of these connections can be made 

(Continued on page 71) 
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Due to the nature of cutting heads, play- 
back cartridges, and the recording medium it- 
self, a precise amount of pre -emphasis and 
de -emphasis is introduced in the record/ 
playback process. The pre -emphasis charac- 
teristic attenuates low frequencies so that 
"cutover" (the excursion of the cutting stylus 
through the wall of one groove into the wall of 
the preceeding one) is avoided and boosts 
high frequencies to improve the signal-to- 
noise ratio. During playback, a mirror image 
de -emphasis characteristic must be intro- 
duced so that a flat overall frequency re- 
sponse is achieved. 

Exactly how much pre -emphasis and de - 
emphasis is used has for many years been 
determined by the RIAA (Recording Industry 
Association of America) standard. The stan- 
dard has been universally accepted-even 
the state recording labels of Eastern Europe- 
an countries .(Melodiya, USSR; Supraphon, 
Czechoslovakia; Hungaroton, Hungary; etc:) 
employ it. This world-wide acceptance of one 
recording standard has resulted in benefits to 
the recording industry and the consumer. 

Recently, however, this unquestioned ac- 
ceptance has been challenged by a proposal 
from the International Electrochemical Com- 
mission. This group has suggested an 
amendment to the existing RIAA standard 
which incorporates two modifications. The 
proposed changes are slight, as shown in the 
Figure, but a discussion of them is warranted. 

The existing RIAA recording and playback 
curves have been around so long that they 
cover a frequency range of only 30 to 15,000 
Hz. No one will take issue with the IEC pro- 
posal to extrapolate the existing curves to 
20,000 Hz. In fact, phono preamp designers 
have been doing it for years. The amendment 
will merely give this practice official sanction. 

The really controversial part of the IEC pro- 
posal deals with the lower end of the equali- 
zation characteristic. The Commission is sug- 
gesting a low frequency rolloff-down 3 dB at 
20 Hz and having a -6-dB/octave slope be- 
low that frequency. Informally, circuit design- 
ers have extrapolated the curve to 20 Hz, but 
there has been no general consensus as to 
what should be done below that frequency. It 

is below 20 Hz that serious difficulties are en- 
countered. 

Phono Equalization 
Time 'For a Change? 

Record Warps. The gradual but continuing 
deterioration-on some labels, at least-Of 
record quality has made warped discs the 
rule rather than the exception. Spectral anal- 
ysis indicates that the waveforms caused by 
warps possess significant amounts of energy 
in the 5 -to -10 -Hz region even though their 
'fundamentals lie octaves lower at about 0.03 
Hz. Ten hertz is below the response of the 
human ear' and that of most audio systems, 
and playback at moderate sound levels 
should not and usually does not present any 
difficulty. Problems can arise, however, when 
sound levels are increased or signal process- 
ing is introduced. 

For example, a warp waveform superim- 
posed on an audio signal can cause a tape 
recorder to saturate the tape, resulting in a 
very disturbing amplitude modulation and/or 
distortion. Furthermore; nonlinear signal 
processors such as noise reduction units can 
be tricked into interpreting the warp as a valid 
audio signal during encoding. This by itself is. 
not a problem until an attempt is made to de- 
code the signal and the infrasonic'signal has 
been lost to the tape medium's limited 
low -frequency response. The resulting output 
signal is the audio signal modulated by the in- 
frasonic warp which is no longer present 
even though it is really required for proper de- 
coding. The infrasonic signal is long gone, 
but the modulation or distortion it has caused 
remains. 

In straight playback situations, the effects 
of record warps on signal processors are not 
encountered but other serious problems can 
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crop up, especially at high listening levels, 
The power amplifier, if its frequency response 
extends sufficiently low, cannot discriminate 
between audible and infrasonic signals and 
will_try to drive the speakers with an amplified 
version of whatever is applied to its input 
jacks. The possible deleterious effects of 
excessive speaker cone excursion and am- 
plifier clipping are well-known and can result 
in permanent speaker damage and/or objec- 
tionable levels of distortion. 

The ideal solution to the record warp prob- 
lem would be an improvement in the inanu- 
facture and quality control procedures at the 
record plant. However, -in the design of the 
Disco Mixer, a more realistic approach has 
been taken: RC networks have been included 
in the -project's phono preamplifiers to give a 

de -emphasis characteristic coinciding with 
the IEC proposal. The difference .in bass re- 
sponse between the existing and proposed' 
standards is so slight (-1 dB at 40 Hz, -3 dB 
at 20 Hz) as to be barely audible, and will cer- 
tainly not render obsolete existing record col- 
lections. 

Probably the only people who will be upset 
by the IEC characteristic are those who put 
more faith in figures that they read rather than 
in the sounds that they hear. Of course, such 
people could be satisfied by a phono preamp 
with switchable equalization. But they should 
be warned to pay close attention to the set- 
ting of the equalization switch. It will be very 
difficult for them to tell the difference solely on 
the basis of what they hear-they are listen- 
ing to a warped record! 

RIAA de emphasis shown in black and IEC amendments -in color. 
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(Continued from page 69) 

with hookup wire, but two -conductor 
shielded cable should be used between 
the phono input jacks and the preamp 
circuit board. If the preamp-only version 
of the project is built, install jumper wires 
between points AA and BB. 

If desired, IC sockets or Molex Solder - 
cons can be used when mounting the in- 
tegrated circuits. Be sure to observe po- 
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Fig. M. Etching and driNing guide 
(left) and components place diagram 
(above) for the mixer pc board. 

larity and pin basing when installing 
electrolytics and semiconductors. Use 
good soldering practices. 

When circuit board wiring has been 
completed, mount the boards in a metal- 
lic enclosure using machine hardware 
and spacers. The power transformer 
should be mounted directly in the enclo- 
sure. Those assembling the project us- 
ing perforated board should take care to 

4 

keep the power supply away from the 
high -gain sections of the preamplifier. 

Use. The Disco Mixer is straightforward 
in its use. Patch in the various program 
sources with suitable lengths of shielded 
cable and experiment with the different 
preamp and mixer controls and monitor 
modes. Then invite your friends over 
and have a disco party! O 
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BY MILES H. MARKS 

lJ ` 

Now You Can Enjoy 
Hi -Fi Television Sound 

Diplexed program transmission system 
allows networks to send audio and video on one cable 

and offers viewers high -quality sound. 

oN January 23, 1978, in a concerted 
effort to reduce operating costs, the 

three major television networks began to 
use the "Farinon FV-43 FM Transmis- 
sion Channel System." This is a diplex- 
ed method of transmitting audio and 
video signals on the same coaxial cable. 
Previously, audio and video were trans- 
mitted separately from the point of origin 
to local network affiliates via AT&T wire 
and microwave links. The old system 
had two serious disadvantages-the 
high cost of maintaining two separate 
transmission lines and the low -fidelity 
sound that was actually delivered. The 
new method, however, not only saves 
the networks money but also delivers 
high-fidelity FM sound to local studios! 

Very little (if any) fanfare accompa- 
nied the changeover, so most people 
don't realize the hi-fi capabilities of TV 
audio. And given the crude audio provi- 
sions in many television receivers, most 
viewers are unaware that the potential 
for hi-fi is there. 

Actually, the frequency response of 
network audio program material now de- 
livered to local studios is 50 to 15,000 
Hz ±0.3 dB (Fig. 1) and its THD content 
at 1000 Hz and +18 dBm is less than 
-54 dB. The networks had originally 
planned to start using the new system a 

VIDEO 
INPUT 

AUDIO 
INPUT i 

CHAN I 

AUDIO 
INPUT 

CHAN 2 

TRANSMIT TERMINAL 

few weeks earlier than they did. How- 
ever, CBS requested a delay to ensure 
that the old, proven system would deliv- 
er the audio portion of its "Super Bowl" 
coverage (the most widely watched pro- 
gram of the year) without interruption. 

0.2- 

O- 

-0.3- 

-0.5- 
1 1 1 I f 

50 100 7.5K 14K 15K 
FREQUENCY (Hz) 

Fig. 1. Frequency response of 
demodulated audio of FV-43. 

How It Works. A block diagram of the 
FV-43 FM Transmission Channel Sys- 
tem is shown in Fig. 2. It provides trans- 
mission facilities for one or two high - 
quality audio channels, positioned im- 
mediately above the standard video 
baseband-channel 1 at 5.8 MHz and 
channel 2 at 6.4 MHz. These channels 
provide low -noise, low -distortion, and 
wioe-bandwidth audio program facilities 
that can be transmitted simultaneously 
with a video signal. Each requires an FM 
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FM CHANNEL 
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I 
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11111 111111 

4.2MHz 15.8MHz 6.4MHz1 
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FM SUBCARRIER 
FREQUENCIES 

channel transmitter at the point of origin 
and an FM channel receiver at the dis- 
tant terminal. 

The diplexer passes video compo- 
nents below 5 MHz. There is at least 40 
dB of video attenuation at the transmis- 
sion channel sub -carrier frequencies. 
The diplexer is carefully designed to 
minimize video signal degradation. 
Wideband amplifiers, low -ripple filters, 
and equalizers provide very good ampli- 
tude response. The input and the output 
of the diplexer are direct -coupled to min- 
imize bounce and variations in low -fre- 
quency response. Filtering in the video 
line at the transmit terminal rejects spuri- 
ous signals at FM channel sub -carrier 
frequencies. An identical filter in the 
video path at the receiving terminals 
prevents FM channel sub -carriers from 
entering the video output line. 

In the diplexer, the video signal 
passes through a transient voltage sup- 
pression network and an impedance 
matching network to the input of a differ- 
ential amplifier. The amplifier output is 

filtered and equalized to compensate for 
phase distortion. caused by the filter. The 
equalized signal is then applied to the in- 
put of a second differential amplifier 
which boosts it to standard line level. 
The output of the FM channel transmit - 
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....IFM CHANNEL 
RECEIVER 
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RECEIVER 
(6.4 MHz) 

L -1 
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AUDIO 
3 OUTPUT 

CHAN I 

AUDIO 
OUTPUT 
CHAN 2 

Fig. 2. Block diagram of the FV-43 FM Transmission Channel System. 
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ter is applied to the other input of the 
second differential amplifier. The base - 
band signal and the FM channel subcar- 
riers leave the diplexer through either a 

balanced or unbalanced output. 

FM Channel Transmitter and Re. 
ceiver. In the FM channel transmitter, 
an applied audio signal is amplified and 
receives pre -emphasis before it is used 
to modulate a voltage -controlled oscilla- 
tor (vco). The frequency -modulated os- 
cillator signal is filtered to suppress os- 
cillator harmonics and reduced in ampli- 
tude by a variable attenuator to the de- 
sired output level. Frequency stability of 
the transmitter is obtained by phase - 
locking the vco to a crystal -controlled 
reference oscillator. 

In an FM receiver, a signal from the di- 
plexer is first applied to an attenuator 

pad and then to a bandpass filter that 
selects the appropriate FM channel sub - 
carrier. The receiver circuits following 
the filter limit and demodulate the sub - 
carrier, add de -emphasis, and amplify 
the recovered audio program material. 

The Future. The FV-43 FM Transmis- 
sion Channel System opens up a whole 
new dimension in television receiver de- 
sign and product appeal. Now television 
manufacturers can bring the audio sec- 
tions of their products to a level that 
matches the technology of their video 
counterparts. Existing television receiv- 
ers can be modified for high-fidelity re- 
production by tapping the audio at the 
output of the FM detector and feeding it 

to an external audio system. 
To maintain isolation between the re- 

ceiver and the audio system, an inter - 

stage audio transformer or an emitter or 
voltage follower is needed. If the televi- 
sion is transformerless (chassis tied di- 
rectly to one side of the ac line), do not 
connect its chassis to the chassis of the 
preamplifier or integrated amplifier un- 
less you either use a coupling transform- 
er on the audio line or an isolation trans- 
former on the television's power line. 

Interestingly, the FV-43 system incor- 
porates provisions for two audio chan- 
nels, leaving open the options of stereo- 
phonic sound for television, off-line data 
communications or even computer con- 
trol. One needn't wait for TV models with 
hi-fi audio provisions or modify present 
receivers, however. At least two compa- 
nies offer separate tuners for TV audio 
only-Pioneer and Rhoades-which 
can do the hi-fi trick with no muss or 
fuss. O 

BY ALEXANDER W. BURAWA 
Features Editor 

Metal Cassette Tape Debuts 
Fine -metal formulation tape may revolutionize cassette deck design. 

EVER since its introduction, magnetic 
recording tape has used metal ox- 

ides in one form or another for the re- 
cording material. Now, a new type of re- 

cording material made up of fine metal- 
not metal-oxide-particles is expected 
to make a tremendous impact in audio 
and video recording. The new tape is 

said to produce a level of performance 
that surpasses that of the best conven- 
tional metal -oxide tapes. Although the 
metal tapes are playback -compatible 
with current tape decks equipped with 
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Fig. 1. Maximum output levels 
as function of bias. 

70-µs playback equalization (the CrO2 
setting), satisfactory recording will re- 
quire new recording equipment. 

One of the first of the new metal tapes 
to come on the consumer audio market 
is 3M Company's Scotch brand "Meta - 
fine" in the popular cassette format. 
(Other tape manufacturers are sure to 
market their own versions soon.) At a re- 

cent press conference, a Metafine audio 
cassette was recorded, erased, and 
played back on a tape deck that was 
specially modified to accommodate its 

characteristics. The cassette delivered a 

maximum output 5 to 10 dB greater than 
typical chrome tapes and 3 to 7 dB 
greater than Scotch Master II tape. This 
means that maximum output is at least 
double that of other tapes, depending 
upon the frequency selected. 

Lower distortion, additional high -fre- 
quency response, improved S/N, and 
increased maximum output are among 
the benefits it is claimed one will realize 
with metal tapes. 

Exact increases in performance will 

depend upon the selection of benefits 
manufacturers build into future tape re- 

corders, of course. 
Metal tape is said to permit higher per- 

formance characteristics at present tape 
speeds and packing densities. Accord- 

ingly, it also opens the way for dramatic 
changes in speed, format, and compo- 
nent size without sacrificing perfor- 
mance capabilities. 

Technical Details. The level and fre- 
quency distribution of the new metal 
tapes are similar to those for CrO2 
tapes. A 70-µs equalization was select- 
ed to minimize noise, while new metal - 
tape recorders will utilize Sendust heads 
because they do not saturate as easily 
as other types of heads. Because of its 
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Fig. 2. Maximum modulation and 
harmonic distortion levels. 
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high -density recording capability, it has 
been suggested that a 15/16-ips record- 
ing speed is possible, providing better 
sound quality than is obtainable at to- 
day's 3'/4 ips! 

The characteristics of metal -tape au- 
dio cassettes are best realized at a re- 
cording bias significantly different from 
those of present recorders, which is one 
of the reasons new equipment is neces- 
sary for recording. Another is that a 

stronger erase current is required. 
One has only to look at the specifica- 

tions in the table for various tapes to see 
the superiority of metal tapes. 

The curves in Fig. 1 show compara- 
tive output levels for Scotch Metafine 
and a top Cr02 audio tape. The max- 
imum output level at saturation at 
12,500 Hz is 7 dB greater for Metafine at 
the optimum bias for each tape. Figure 2 

have its Metafine tape on the consumer 
market before the end of this year. It will 
first be introduced in the popular C-90 
cassette size and will carry a list price of 
about $10. So far, there is at least one 
manufacturer who announced produc- 

TAPE SPECIFICATION COMPARISONS 

Retentivity Remanence Coercivity 
(gauss) (lines/1/4 in.) (oersted) 

Typical Chrome 1400 0.43 550 
Scotch "Master II" 1500 0.60 550 
Scotch "Metafine" 3400 0.80 1000 

illustrates comparative modulation and 
harmonic -distortion levels for the same 
tapes. The maximum modulation level 
(3% third -order harmonic distortion at 
333 Hz) is up to 9 dB greater for Meta - 
fine tape. 

The Agenda. 3M Company (and un- 
doubtedly other manufacturers) plans to 

tion of a cassette deck to accommodate 
the new metal tape for both playback 
and recording. It is the Model TCD 340 
AM three-motor/three-head cassette 
deck from Tandberg. And $1300 is the 
suggested retail price. Other recorder 
manufacturers will likely follow and may 
already be offering for sale metal -tape 
recorders by the time you read this. O 

BY ROBERT R. FAULKNER 

Build a Super Audio Filter 
Capacitance multiplier reduces hum in hi-fi equipment by 80 dB. 

AIthough most dc power supplies 
have a very low hum level, there 

are many applications that require as 
pure a dc as possible. Among these are 
high -gain preamplifiers, and phono am- 
plifiers, as well as instrumentation am- 
plifiers and many types of digital circuits. 

The obvious answer to a slight 
amount of hum (ripple) in a dc power 
supply is to add more filter capacitance. 
However, there is an easier and better 
way-add the "Super Filter" described 
in this article. 

The circuit shown in Fig. 1 is a simple 
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Photo shows layout of author's prototype fitter. 
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ripple filter, sometimes called capaci- 
tance multiplier. It can reduce hum level 
by a factor of 250:1. For example, if the 
ripple is 250 mV peak -to -peak, the use 
of this filter will reduce the hum to 1 mV 
or less. Obviously, the better the power 
supply is filtered, the smoother the out- 
put when using Super Filter. 

Ripple voltage should not exceed 3 
volts peak -to -peak and the new filter will 
handle up to 35 volts at 2 amperes, with- 
out a heat sink. Insertion loss is about 
1.1 volt. 

Construction. The circuit can be built 
using the full-size foil pattern shown in 
Fig. 2, along with the component instal- 
lation. When completed, the small pc 
board can be mounted within a small 
shielded metal enclosure whose case is 
connected to chassis ground. 

Use. Connect the filter to the dc output 
of the power supply, observing the cor- 
rect polarity. Connect an ac voltmeter, or 
an oscilloscope, to the output of Q2. 
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Fig. 1. Schematic diagram shows the circuit is a 

simple ripple filter or capacitance multiplier. 

+OUT 

GND 

PARTS LIST 
CI . C2. C3-l00O-µF, 35 -volt electrolytic 
Q I , Q2 -2N3054 transistor 
R I -30 -ohm. 5 -watt resistor 
R2. R4 -1000 -ohm, 2 -watt resistor 
R3 -10 -ohm. 1/4 -watt resistor 
R5 -1000 -ohm. 5 -watt linear taper WW po- 

tentiometer 
R6 -27,000 -ohm, 1/2 -watt resistor 
Misc.-small metal enclosure, mounting hard- 

ware. etc. 
Note-The following are available from Rob- 

ert R. Faulkner, Box 26, Redondo Beach, 
CA 90277: pc board at $6; hoard and com- 

ponents. $19.95. California residents, 
please add sales tax. 

Fig. 2. Full-size foil pattern for filter pc board 
and component placement diagram are shown above. 

Q2 

C2 C3 

Carefully adjust potentiometer R5 for a 

minimum reading on the meter, or mini- 

mum display on the scope. This adjust- 

ment should decrease the hum level by 

at least 80 dB. The leads to the audio ac 

voltmeter, or scope, should be well 

shielded and as short as possible. O 

Pro to c tion for 
DC -Coupled Speakers 
Direct coupling of the output stages of an audio amplifier 
its advantages, but speaker system protection should be 

DIRECT -COUPLED output stages 
are commonly found in contempo- 

rary audio amplifiers. Although there are 
definite advantages associated with dc 

coupling, there is also a danger-a col- 
lector -to -emitter short in an output tran- 

sistor will impress the full power -supply 
voltage across the speaker terminals. 

EsYJERALD M. COGSWELL 

has 
provided. 

Under such conditions, a speaker's 
voice coil will quickly burn out. The proj- 
ect presented here can save your 
speakers from destruction by removing 
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ac power from the amplifier if a dc level 
appears across the speaker outputs. 

Technical Details. The relatively 
simple circuit of the speaker protector is 
shown schematically in the diagram. 
Output signals from the amplifier are 
coupled to the protector by RI and R2. A 
symmetrical audio (ac) signal will not 
cause Cl or C2 to accumulate any 
steady-state, unbalanced charge. How- 
ever, a positive dc level will cause C1 to 
charge to a given voltage. A negative dc 
level will similarly cause C2 to acquire a 
charge. Diodes 01 and D2 protect the 
electrolytic capacitors from reverse - 
polarity voltages. 

An unbalanced charge results in a 
positive or negative voltage across the 
series connection of Cl and C2. This 

voltage is applied to the noninverting in- 
put of /C1 via R3. The amplified voltage 
appearing at the output of the op amp 
triggers thyristor Q1, which conducts 
and energizes the coil of relay K1. The 
relay then interrupts the flow of current 
from the ac power source to the amplifi- 
er. A LED is also included to act as a vi- 
sual indication that the circuit has been 
activated. Diode D3 protects the LED 
from inductive spikes generated as the 
relay is activated. 

The author has selected a triac as the 
device controlling relay current for two 
reasons. First, the latching characteristic 
of the thyristor keeps the relay coil ener- 
gized even after power has been re- 
moved from the amplifier. To reset the 
circuit, current flow from the +12 -volt 
source to the triac must be interrupted. 

Secondly, although the device need 
only conduct in one direction (implying 
the suitability of an SCR), it must be able 
to latch on when triggered by either a 
positive or negative pulse of gate cur- 
rent. This the SCR cannot do, but is a 
fundamental property of the triac. That's 
why this application, which involves a 
power amplifier having a bipolar power 
supply, dictates the use of a triac. 

Construction. The project can be as- 
sembled using printed circuit, point -to - 

AMPLIFIER 
OUTPUTS 

RI 
LEFT 470K 

02 
111914 

An unbalance across capacitors Cl and C2 triggers 
Q1 and energizes K1 to shut off the amplifier power. 

PARTS LIST 
C 1 ,C2 -100-µF, 35 -volt tantalum capacitor 

(see text) 
DI .D2.D3-I N914 silicon diode 
ICI-µA74lCV operational amplifier 
KI-12-volt dc relay, 10 -ampere contacts, 

600 ohms max. coil resistance (Radio Shack 
275-208 or equivalent) 

LED1-20-mA light emitting diode 
Q I -SK3506 (RCA) triac or equivalent. 
The following are t/ -watt, 10% tolerance car- 

bon -composition resistors: 

117VAC 

R 1 .R2-470,0(0 ohms 
R3,R4-1000 ohms 
R5-47,0(81 ohms 
R6-270 ohms 
R7-680 ohms 
SOI-I I7 -V ac power socket 
Misc.-Printed circuit or perforated hoard. 

12 -volt regulated power source, suitable 
enclosure, harrier strip, IC socket, relay 
socket (included with K!), line cord. strain 
relief, hookup wire, hardware, etc. 

point, or Wire -Wrap techniques. Use ap- 
propriate sockets for the op amp and re- 
lay. The project board and a suitable 
power supply should be mounted in a 
suitable enclosure, taking care to avoid 
shock hazards. A barrier strip or push- 
button terminals can be mounted on the 
enclosure to simplify connections to the 
speaker outputs of the power amplifier. 

You will note that Cl and C2 are spec- 
ified in the parts list as tantalum capaci- 
tors. This was done to avoid the wide tol- 
erances (-50%, +100%) of common 
aluminum electrolytic components 
which could disturb the symmetry of the 
input circuit. Tantalum capacitors are 
typically rated at ±20% or better, but you 
might have a hard time finding compo- 
nents with the specified capacitance. 
This can be easily overcome by parallel- 
ing smaller values, say, two 47-µF capa- 
citors. However, it is not critical to have 
100 µF of capacitance. Smaller values 
will work well, but will reduce the time 
constant of the RC input network. 

Checkout and Use. After you have 
finished building the speaker protector, 
examine it for cold solder joints, incor- 
rect wiring, and semiconductors and 
electrolytic capacitors with reversed po- 
larity. Then plug an incandescent lamp 
into socket SO1 and apply power to the 
circuit. The lamp will glow. Using two 
flashlight batteries in series, apply 3 
volts dc across either the left or right 
channel protector inputs. After three to 
five seconds, the relay will be energized, 
a click will be heard, and the lamp will 
darken. The glowing LED will also indi- 
cate that the triac has been triggered. 

Next, disconnect the speaker protec- 
tor from its power supply, remove the 
batteries from the input and discharge 
Cl and C2. Reverse the polarity of the 
batteries, connect them to the same in- 
put as before, and apply power to the 
protector circuit. After a short delay, the 
same sequence of events will occur as 
described earlier. Repeat this test 
procedure for the other channel's input. 

You have now verified proper circuit 
behavior, and the speaker protector is 

ready for use. Remove the test lamp's 
power plug from SO and replace it with 
that from your audio amplifier. Intercon- 
nect the amplifier's speaker outputs and 
the input barrier strip of the speaker pro- 
tector with lengths of zipcord. Be sure to 
observe proper phasing. Do not attempt 
to test the circuit while the speakers are 
connected because flashlight batteries 
cannot deliver their rated voltage into 
such a low impedance. O 
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The=re's hardly an audio enthusiast alive 
wao doesn't admire the Nakamichi 100011. 

But at $1,650,*admiring it is about all 
ntst people can do. - 

That's why Pioneer created the new 
C7F1000. A casette deck that offers all the 
featuresºanclper~ormance of the Nakamichi 
10.00)1, but coste almost $1,000 less. 

(We rea_ize this is herd to believe, but be 
patient. The 'actl. bear u; out.) 

k's a fact that the $600* Pioneer 
' CT -F1000 and the $1,650 Nakamichi 100011 

= are both honest three headed cassette decks 
- that let you nonitor right off the tape as you 

_ record. 
Both feature separate Dolby systems 

foi' the playback and recording heads. So 

- 
When you're reccrding with the Dolby on, 

_ you can hior` itor the same way. 
= And both are filled with all the 

remarkable fe.attres you d expect to find on 
cassette decks of this caliber: there's 

- everything from lam -proof solenoid logic 
- coltrols, to nulti_ lex fflt,rs for making 
= cleaner FM recordings, to memories that 

automatically fet!DU g6 back to a particular 
_spot on the tape. 

The comoari`son holds tip equally well 
E_when it comes to ierforn-ance. 

The CT -F1000 and .tt a Nakamichi 
100011 bdth havetotal harmonic distortion 
,levelsof less than 1.5%. _ 

Both have all but conquered the 
`proolem of wow acrd flutter. (An identical 
;0.0% for each deck.) 

= And boll- hate signa "to noise ratios 
that are se sinilar only sophisticated 
laboratory egLliprrent car, tell them apart. 

If -the incredik e value of the CT -F1000 
£till sounds a pit h_rd to believe, we suggest 
bóu go hear itlor ourself_at any Pioneer 
dealer. 

= Our viewpoint is simple: if you can't 
- hear the difference, why pay the difference? 

(V) PI0NEER® 
We b -in it back alive. 

;197E US. FSoneer Elecconics c c., 85 )clod Drive, Moonachie, N.I. 07074. 
'nlan.raccurer'saugges ed retry' price. Handes optional at extra cost. 
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ADOT/BAR video signal generator 

is an essential piece of test equip- 
ment for the setup and convergence of a 

color -TV receiver or monitor. The gener- 
ator can also be used to adjust horizon- 
tal and vertical linearity of monochrome 
receivers and monitors. 

The circuit (Fig.1) shown here can be 
built for about $15, and is small enough 
to be permanently installed in a color -TV 
cabinet. It can also be housed in a small 
case (including a 9 -volt battery) for port- 
able use. Since the output is video, 
some form of FCC -approved r -f modula- 
tor is required if you wish to inject the 
signal into the antenna of a TV receiver. 

Circuit Operation. Oscillator IC1 is 
preset to 251,752 Hz (16 times the hori- 
zontal scanning rate) by the setting of 
potentiometer R1. When a 555 is oper- 
ated with D17 as shown, the data sheet 
formulas for frequency are not valid, and 
the frequency of oscillations becomes 
more dependent on the supply voltage. 
The output of IC1 (pin 3), drives 12 - 
stage counter 1C2 to generate the other 
frequencies required to create the com- 
posite video output signal. Various 1C2 
outputs are diode OR'ed to produce the 
proper pulse widths. 

Horizontal and vertical video compo- 
nents are combined in NOR gate IC3A, 
while the horizontal and vertical sync 
components are mixed in IC3B. Output 
transistors Q1 and Q2, arranged as an 
AND gate, combine video and sync into 

composite video and provide sufficient 
drive for a 75 -ohm output load. 

With S1 in its center (off) position, the 
video display will be white dots on a 
black background. The other positions 
of S1 yield horizontal or vertical white 
bars on a black field. These are the out- 
put signals most commonly used for 
static and dynamic convergence of color 
receivers. They can also be used to set 
linearity of monochrome receivers. 

The values of R9 and R10 determine 
the base currents of Q1 or 02, and their 
connections to IC3 determine positive or 
negative video. Resistor R11 deter- 
mines the blanking (black) level of the 
display. Resistor R12 determines the 
peak -to -peak output voltage level, while 
R13 determines the output impedance. 

When powered by 9 volts, the values 
shown for R9 through R13 provide a 
nominal one volt peak -to -peak compos- 
ite video with negative -going sync into a 

75 -ohm load. 
If R9 is disconnected, the unit be- 

comes a sync generator. Increasing the 
value of R3 (retuning R1) will increase 
the width of the bars or dots. Eliminating 
D9 will increase the height of the bars or 
dots. 

Construction. The circuit can be as- 
sembled using any type of wiring tech- 
nique; the foil pattern shown in Fig. 2 

may be used. This illustration also 
shows component installation. 

With the generator powered and S1 in 

BY JAMES B. PENNY 

ST 
AR 

Build this essential 
instrument for 
setup and 
convergence of 
color TV for $15. 

PARTS LIST 
C I -100-pF. disc ceramic 
C2-0. I -µF, disc ceramic 
C3 -220 -NF. 35 -volt electrolytic (optional) 
DI through D17 -1N914 silicon diode 
ICI -555 timer 
IC2-CD4040, 12 -stage ripple counter 

(CMOS) 
IC3-CD4001, quad 2 -input NOR gate 

(CMOS) 
Q I , Q2 -2N5449 npn silicon transistor 
The following resistors are t/4 -watt, 10%: 
R2-I0,000 ohms 
R3.R I3-75 ohms 
R4, R 11-2200 ohms 
R5, R6, R7-100,(XX)ohms 

. R8-27,000 ohms 
R9. R10--1000 ohms 
R 12-470 ohms 
R I -10,0(x) -ohm trimmer potentiometer 
S I -Spdt, center -off switch 
Misc.-battery holder, suitable enclosure, in- 

terconnect cable, mounting hardware, etc. 

Note-A complete kit of parts including 
drilled pc hoard, is available for $14.95 plus 
$1.50 P+H within the continental US from 
ABCOR Inc., Box 58216, Houston, TX 
77058. Texas residents, please add 5% sales 
tax. The r -f modulator is available from AB- 
COR, or M&R Enterprises, PO Box 101 I, 
Sunnyvale, CA 94088 for $24.95 with 60 - 
dB isolation switch and cables. Modulator 
only is $14.95. 
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Fig 2. Actual -size foil 
pattern and component 

installation for the 
generator. The two large 

end bars are used for 
mounting, and are not 
required for ope ration. 

R8 

VIDEO 

SYNC 

3 

SYNC 

RIO 
IK 

01 
2N5449 

R12 
47011 

02 
2N5449 

RII 
2.2K 

R13 
7511 

Fig. 1. Sync and video information 
are decoded from IC2. Output 
is video, not r -f. 

the center position, connect the genera- 
tor to the video input of the receiver to be 
checked, and turn on the power. Adjust 
R1 until the sync locks and a stable pat- 
tern appears on the screen. 

With the manual provided by the col- 
or -TV receiver manufacturer or other 
source, the generator can now be Used 
for convergence. In a monochrome sys- 
tem, the bars or dots can be used in con - 

r OUT' 
1.VIDEO 

OUT 
+ C3 2 

220 
9F 

junction with the linearity controls to set 
up the screen for proper proportions. 

Two video outputs are provided: One 
(out 1) is dc coupled to the output stage, 
while the other (out 2) is dc isolated from 
the output stage. Use either one, de- 
pending on the type of input required. If 

the video stage will not tolerate a dc off- 
set, then use output 2. If the video stage 
has capacitor input, use output 1. 0 
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