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NOW you can train at home building 
a NEW 25 0 AGONAL Solid State Color TV 
engineered by NRI for learning and 
trouble -shooting So much better for learning TV 

servicing than any hobby kit, 
because NRI designed and 
created it as an educational tool. 
Unlike hobby kits which are designed for creating 
a TV set as the end product, NRI built its exclusive 
25" Diagonal Solid State Color TV kit as a real training 
kit. You can introduce and correct defects ... for 
trouble -shooting and hands-on experience in 
circuitry and servicing. The kits include a wide - 
band oscilloscope, color bar crosshatch generator, 
transistorized volt -ohmmeter and other valuable 
equipment that can soon have you earning $5 to $7 
an hour servicing color sets in your spare time. 

Handsome woodgrain cabinet, 
at no extra cost. 

(Offered only by NRI) I 

New square -cornered 
Sylvania picture tube 

Modular 
construction 
with plug-in 

circuit boards 

Automatic 
degaussing 

100% solid 
state chassis 

6 -position detented UHF channel selector 

YOU GET 'MORE 
FOR YOUR MOÑEY FROM;NRI 

r 

"`"._.. 

- r--, a" 
-/f1 = -? I f i 

F - 

. tk... 
`` 

. . 

-_- ---- - - --- 

tt.ri 

eONAR 

Automatic fine tuning // Automatic 
tint control 

Automatic 
color control 



NRI FIRSTS make learning Electronics fast and 
fascinating-to give you priceless confidence 
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FIRSTto give you a complete programmable digital computer, 
with memory, you build yourself ... to learn organization, opera- 
tion, trouble -shooting and programming. This remarkable com- 
puter is one of ten training kits you receive with the new NRI 
Complete Computer Electronics Course. 
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FIRSTto give you true-to-life experiences as a Communica- 
tions Technician. Every fascinating step you take in NRI Commu- 
nications training, including circuit analysis of your own 15 -watt, 
phone/cw transmitter, is engineered to help you prove theory and 
later apply it on the job. Studio equipment operation and trouble 
shooting become a matter of easily remembered logic. 
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FIRSTto give you completely specialized training kits engi- 
neered for business, industrial and military Electronics Technol- 
ogy. Shown is your own training center in solid-state motor control 
amt analog computer servo -mechanisms. Telemetering circuits, 
solid-state multivibrators and the latest types of integrated circuits 
are included in your course. 

The NRI color TV and digital computer kits are the 
latest in a long line of "firsts" for NRI. For more 
than fifty years, NRI has been providing unique 3 - 

dimensional home -study training that has helped 
hundreds of thousands of students reach their goals 
quickly and easily. 

What. NRI provides is a combination of kits and 
bite -size texts that give you hands-on experience 
while you are learning. The texts average only 40 
pages each, and they are fully illustrated. You are 
taken step-by-step from the first stages into the more 
advanced theory and techniques ... with an expert 
instructor ready at all times to provide valuable 
guidance and personal attention. (The level of per- 
sonal attention provided is more than you would 
receive in many classrooms.) Once you've grasped 
the fundamentals, you move with confidence and 
enthusiasm into new discoveries in the fascinating 
world of electronics. 

You start out with NRI's exclusive Achievement 
Kit, containing everything you need to get moving 
fast. Lessons have been specifically written so that 
experiments build upon one another like stepping 
stones. You can perform a hundred experiments, 
build hundreds of circuits ... as you learn to use the 
professional test equipment provided, building ra- 
dios and TV sets, transmitter or computer circuits. 
It's the priceless "third dimension" in NRI training 
... practical experience. 

Train with the leader-NRI 
Compare training kits, texts, techniques and overall 
training ... and you'll find that you get more for 
your money from NRI. Whatever your reason for 
wanting more knowledge of Electronics, NRI has an 
instruction plan that will meet your needs. Choose 
from major programs in Advanced Color TV Servic- 
ing, Complete Computer Electronics, Industrial 
Electronics and the other special courses designed 
to meet specific needs. With NRI home training, you 
can learn new skills while you're still working at 
your present job ... and turn yourself into the man 
in demand. 

GET FACTS ABOUT GI BILL 
If you have served since January 31, 1955, or are in service 
now, check GI line on postage -free card. 

Send for free NRI catalog 
MAIL THE POSTAGE -FREE CARD FOR THE 
FREE NRI CATALOG IN THE FIELD OF YOUR 
CHOICE. YOU WILL BE UNDER NO OBLIGA- 
TION. NO SALESMAN WILL CALL. 
If the card has been used, write direct to: 

NRI TRAINING 
3939 Wisconsin Ave. 
Washington D.C. 20016 
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FEATURE ARTICLES 
27 HOW TO MAKE DOUBLE -SIDED PC BOARDS Alexander W. Burawa 

Easy procedure to make professional -quality boards. 

33 AN INTRODUCTION TO THE CASSETTE Scott Waverly 
The most popular tape recording medium offers many advantages. 

48 SOLID-STATE PHOTOCELLS FOR HOBBYISTS, Port 1. L. George Lawrence 
Understanding light-sensitive semiconductors. 

64 TRANSISTOR SELECTION GUIDE FOR EXPERIMENTERS Jon L. Turino 
Knowing characteristics speeds and improves designs. 

69 SOME USEFUL TIPS ON BUILDING AN ELECTRONIC KIT John T. Frye 
Good assembly techniques help avoid trouble later. 

CONSTRUCTION STORIES 
40 BUILD THE CMOS MICROLAB Don Lancaster 

For learning and breadboarding digital logic. 

45 A HIGH -VALUE ELECTROLYTIC CAPACITOR METER John D. Richard 
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Editorial 
By Milton S. Switzer, Editor 

THE HOME "PAY -TV" CONNECTION 

Is there a pay -TV connection in your future? If so, will it be via a 

pay -per -program cable connection or an over -the -air decoder attached to 
your antenna input. Right now there are only some 50,000 home TV receivers 
reported to be hooked up for pay -per -program cable TV; and none for over - 
the -air subscription TV (STV). But the picture will probably change in 
the near future. 

A major battle is in progress between "free" -TV lobbyists and pay -TV 
advocates, with the FCC sandwiched between them. If all stops were pulled 
in favor of pay TV, "free" TV would doubtlessly be seriously wounded. Since 
this cannot be permitted (if only because a substantial portion of the 
population cannot afford to pay directly for the luxury of TV), a compromise 
must be effected. Thus, the FCC must play King Solomon, an unenviable task. 

An advancement on the side of pay TV was recently demonstrated by 
Blonder -Tongue of its "BTVision," a system that encodes and decodes 
over -the -air subscription TV (UHF) signals. It has won FCC approval for a 

35 -mile transmitting range. A decoder attached to the subscriber's standard 
TV set unscrambles both visual and audio signals and, interestingly, is said to 
provide hi-fi sound to an upper range of 15,000 Hz, as well as stereo capability. 

Cable TV is already somewhat entrenched, of course, with about 7.8 million 
homes wired for cable or community antenna connections. It also has the 
big plus of providing service in areas where broadcast TV is not readily 
received. On the negative side, cable TV faces the costly task of tearing up 
sidwalks and roadways in many large cities in order to bury cables. 

Aside from pure entertainment purposes, cable TV has a big potential in 
providing communications terminals in the home. The cables can carry fre- 
quencies from 3 Hz to 270 MHz, with bi-directional capability. Keyboards 
can be used to provide inputs, and characters can be generated for CRT 
display. All of this makes possible services such as remote -sensing burglar and 
fire alarms, time-sharing of computers for banking and shopping, hard -copy 
printing, and many more. So the cost and bother of running cable under- 
ground for pay TV could well be worth it in the long run. 

At present, the FCC places constraints on all pay -TV programming and 
restricts cross -ownership. The former limits the attractiveness of programs 
that require a monthly charge plus a charge for each program selected. 
And the latter intensifies broadcast network attacks on pay TV. 

We hope that programming and technical challenges will be met satis- 
factorily before "all out" efforts are made in pay TV. Otherwise, we face a 

setback similar to California's abortive STV experiment that was ended by a 

state referendum in 1964. 
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Essential Electronic 
Servicing Help from Sams 

Here are seven extremely helpful books that can make a serviceman's 
work much easier. Five of them are just off the press, one is a new 

second edition, and one came out in '73. It'll pay you to check them out. 

Video 
Tape 

VIDEO TAPE RECORDERS 
By Harry Kybotl 
This basic tent on the last -growing 
held of helical vtr's contains inlorma- 
tion seldom found in service manuals. 
which only cover specific models. It 

explains the fundamentals of video 
tape recording; describes electronic 
circuits and mechanical systems in 
currently available machines; lists 
basic problems encountered and their 
solutions; and presents recent devel. 
cements in the field. 352 pages. 
solibound 
No. 21024 58.95 

Scrvidrlg ' 

BIOMEDICAL 
EQUIPMENT 
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ELECTRONIC FLASH EQUIPMENT 
By earl Molt 
A fully informative book on the use of 
flash/strobe equipment the problems 
sometimes encountered, and the ser- 
vice information needed to overcome 
those problems. Its Information on the 
basic flash unit, flash tubes, triggering 
circuits. power sources, storage, and 
service Can save you time and fruslra- 
lion. 112 pages. softboand. 
No. 21020 54.50 

SERVICING BIOMEDICAL 

EQUIPMENT 
By Elliott S. Kanter 
Introduces the biomedical te:hni- 
Ctan to the specialized types of 
electronic and electromechanical 
devices used in present-day h2spi- 
tals. Describes test procedures, ser- 
vice and maintenance techniques. 
and safely factors of centrifuges. 
electrocardiographs, detibrilletors, 
monitoring devices. oxygen and 
vacuum devices. 160 pages, soft - 
bound. 
No. 21011 55.50 

ELECTRONIC SECURITY SYSTEMS 
By Leo G. Sands 
The principle and operation 01 the various 
electronic devices used for industrial and 
home security systems are covered in detail. 
Chaplets on scope and application, switches 
and relays, sensors and encoders. indicators 
and alarms. electrical and electronic control 
and alarm circuits. security Communication 
and systems installation. Closed-circuit Iv. 
transmission media. 416 pages, hardbound. 
No. 23205 55.95 

1-2-:!-1 
.Wi1I1-11 "INU 
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1-2-3-4 SERVICING HI-FI 
TURNTABLES 
By Forest H. Bell 
Greatly simplifies understanding of the 
mechanisms in terms of four divisions 
record changers by sections. assem- 
blies within sections, breakdown of 
assemblies, and mechanical parts. The 
following chapters cover specifics for 
each type of drive system, tone arm 
and turntable. In addition, problem 
diagnosis- ocating. isolating, and pin- 
pointing faults is explained so Thal 
servicing can be accomplished quickly 
and easily. 192 pages. softbound 
No. 21032 44.95 

^r¡I.-Jó....... 

`- Servicing 
Guide 

ELECTRONIC 

SECURITY SYSTEMS 

II-' 
TUBE 

SUBSTITUTION 
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TUBE SUBSTITUTION 
HANDBOOK, 17th Edition 
By the Howard W. Sams 
Engineering Staff 
Quick and accurate information for 
making suitable substitutions when 
exact replacements are not available. 
Lsts over 18.000 replacements In 
seven sections' American receiving 
and picture tubes. industrial tubes, 
Cross-reference 01 subminiature tubes. 
communications and special tubes. 
cross-reference between American and 
fe.reigo tubes. 96 pages, softbound. 
ho. 21007 01.95 

COLOR -TV SERVICING GUIDE 

2nd Edition 
By Robert G. Middleton 
This guide uses color photos of symp- 
toms of Circuit defects as they appear 
on the picture -tube screen. If the ser- 
viceman follows these picture clues and 
uses proper troubleshooting methods. 
he tan service sets correctly and in less 
lime. Covers both tube and solid-state 
cir,ults. 112 pages, softbound. 
No. 20990 54.95 

PE Q64 

HOWARD W. SAW'S 8 CO.. INC. 
4300 W. 62nd St., Indianapolis. Ind. 46206 

Order from your Electronics Fans Oistrcuutor. or mail to 
Howard W. Sams 8 Co . Inc. 

Send books checked at right 5 enclosed. Please include 
sales tax where applicable. Canadian prices slightly higher. 

Send FREE 1974 Sams Book Catalog. 

Name 

Address 

Cily State Yip 

o 21024 

21020 

rJ 21032 

o 21007 
o 21011 

Q 20990 
23205 

1 
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PACE...UP)) 
GUARANTEES 
PERFORMANCE 
SERVICE 

.For 
Oútdoór Saty , 

l" 
,i - 

J /1.I {fi, 

HAND HELD 
CB TRANSCEIVERS 
from $29.95 to $94.95 

Reliable range 
Dependable performance _ - 
Versatile operation - 

12:- ,i 
PACE has a complete choice for CB 
Hand Held transceivers to work with 
your mobile, base -or other hand held 
units for any type of radio communica- 
tions need.,For "safety, sake.' as well 
as fun, your outdoor activity should in- 
clude a "PACE in your POCKET." 

WRITE PACE FOR FREE 
CITIZEN TWO-WAY RADIO GUIDE 
OR STOP BY YOUR LOCAL... 

...SIGN OF QUALITY ttp» 
PACE 
TWOWAY RADIO SPRCIAIISTS 

PACE COMMUNICATIONS 
DIVISION OF PATHCOM INC. 
24049 S. FRAMPTON AVE., HARBOR CITY, CA 90710 

Name 

Street 

City 
CIRCLE NO. 22 ON READER SERVICE CARD 

Letters J 
SILASTIC® IS DOW CORNING TRADEMARK 

In "Single -LED Transceiver" (March 1973) 
the Silastic® trademark was incorrectly credited 
to General Electric. Silastic® is a registered 
trademark of Dow Corning Corp. It is used by 
us to identify, among other things, our line of 
adhesive/sealant products. \Ve note that the 
mark has been correctly capitalized and appears 
with the registered symbol as we prefer. \Ve 
request that in the future our Silastic® trade- 
mark be used correctly and that Dow Corning 
be indicated as the owner of the mark. 

T.H. PEAIISON 
Legal Department 

Dow Corning Corp. 
Midland, Mich. 

MORE RANGE FROM LED TRANSCEIVER 
In "Single LED Transceiver" (March 1974), 

the efficiency of the system could be im- 
proved by doing a hit of rearranging. Although 
the LED's output is high in frequency, it can 
still be reflected by shiny surfaces, such as the 
cases of the AA cells. Hence, some of the 
strength of the received and transmitted sig- 
nals will be lost. Moving the battery holder 
to another location and installing a matte black 
shield around the light path would increase 
range and clarity in both operating modes. 

D AVID W. PAUL 
Charlottesville, Pa. 

BATTERY TAKES ON OSCILLOSCOPE 
In "Are Your Speakers In Phase?" (March 

1974), the author insists upon using an expen- 
sive oscilloscope to check speaker phasing. The 
use of a 1.5 -volt battery is easier and cheaper. 
Connect the battery across the speakers' 
terminals while obsers ing the direction of 
cone travel. The connections that cause both 
cones to move in the same direction indicate 
proper phasing. 

RICK THO\fPSON 
Lanagan, \lo. 

You are correct when dealing with drivers 
that have relatively long come travels (not all 
have such easily detectable travels) and when 
it is a simple matter to remove the grille cloth 
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to "get at" the speakers. If you have a scope, 
however, it is easy to determine, with absolute 
accuracy, the phasing of any two speakers- 
and this is the whole point of Mr. \Veems' 
article. 

OPEN AND CLOSED ARE TRANSPOSED 

In "Diode and Switch Box Makes Soldering 
Iron Doubly Useful" (Tips & Techniques, 
March 1974), I believe the terms "open" and 
"closed" are transposed in the text. 

RlchAnn NI. P sc 
Hampton, \.l I. 

Ion are correct. \Vitlr the switch closed, full 
power will he delivered to the soldering iron; 
with it open, only half power would be deliv- 
ered. 

WANTS TO TAKE CET EXAM 

Wile e can I inquire about taking the Certi- 
fied Electronic Technician examination men- 
tioned in the July 197:3 News highlights col- 
umn? 

Boil CAVE 
Houston. Texas 

Write to 1SCET. 1715 Epo Lane, Indian- 
apolis, IN -16224 for information on when and 
where the CET exams are given. 

ANOTHER R/C EQUIPMENT SUPPLIER 

In the "R/C Equipment Manufacturer" table 
published in "How To Get Started In Radio 
Control Modeling" ( February 1974), I forgot to 
mention Cannon Electronics, 13490-26 Saticoy 
St.. N. Ilollvwood, CA 9!605. Readers inter- 
ested in RIC modeling should add this name to 
their supplier list. 

FIRED MARKS 
Gaithersburg, \Id. 

FET SHOULD BE N -CHANNEL 

In my article "Automatic Photo Enlarger Con- 
troller" (p 51, April 1974), Ql should he shown 
as an n -channel FET, not p -chancel. 

)osEPIf GIANELLI 
Queens \Tillage, NY 

TRY LOWERING THE SUPPLY VOLTAGE 

Anyone who has built the "Deluxe Frequency 
Standard" ( January 1974) and is having trouble 
getting the 1 -MI lx crystal to oscillate should try 
reducing the supply Voltage. My circuit would 
oscillate only with voltages between 4.2 and 4.8 
volts. therefore, three 1.5 -volt cells should be 
used to power the circuit. Alternatively, a pair 
of dropping resistors will permit the batten' de- 
scribed to prov'de the necessary supply voltage. 

RANDY Nl000lsi.sucn 
Clarksburg, \V. Va. 

HP: THE STANDARD OF COMPARISON IN TEST EQUIPMENT 

Know your frequency... precisely. 

$249* 10 Hz to 80 MHz. 
Professional caliber gear with the precision of a 

seven digit LED readout al an unusually low price. 
The HP 5381A features a high -stability internal 
lime base, 25 mV sensitivity, a three -position 
attenuator switch, external oscillator input and 
ratio measurement capability. All packed in a 

rugged metal, dust -free case. 

$450* 10 Hz to 225 MHz. 
I-IP's 5382A Counter. All the features 
of the 5381 to 225 Ml lx. Plus an eight 
digit readout. Also, available with a 

Please mail me complete information on your 
new low-cost precision counters, (No salesman 
will call.) 
Please have a sales engineer telephone me. 

Name 

Address 

City State 

Zip Phone 

° l b. LÍ of 9 L! 3 

,.<,,..µ 
.. 

frbeSaU4 30 W. rn Oe(MCCOMM x ,nr uc.uo 

temperature compensated crystal 
oscillator ($100*). Both instruments are 
backed by the full III' guarantee. 
'Domestic USA prices only 02402 

HEWLETT 11 PACKARD 

Sales and service from 172 offices in 65 countries. 
1501 Page Mill Road, Palo Alto. California 94304 

CIRCLE NO. 14 ON READER SERVICE CARD 
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At ELEMENTARY ELECTRON- 
ICS they said: "The fact is, to- 
day's Heathkit GR-2000 is the 
color TV the rest of the indus- 
try will be making tomorrow 

...there is no other TV available at any price which 

incorporates what Heath has built into their latest 

color TV." 

The FAMILY HANDYMAN reviewer put it this way: 

"The picture quality of the GR-2000 is flawless, na- 

tural tints, excellent definition, and pictures are 

steady as a rock. It's better than any this writer has 

ever seen. Changing channels is uncannily silent, 
thanks to the varactor tuner, which 
does away with chunky old- 
fashioned switches. The vis- 
ual channel readout ends 
squinting from across the 
room forever. Finally, the 
clock is a greatgadget-a 
pleasure to have, at the least." 

POPULAR SCIENCE pointed 
out "more linear IC's im- 
proved vertical sweep, 
regulators that prevent 
power supply shorts, and an 

industry first: the perma- 
nently tuned I.F. filter." 

The RADIO -ELECTRONICS editors said 
Heathkit Digital Design TV has "features that 
are not to be found in any other production color 
TV being sold ín the U.S.: 

"On -screen electronic digital channel readout... 
numbers appear each time you switch channels 
or touch the RECALL button...On-screen elec- 
tronic digital clock...an optional low cost feature 

will display in 12- or 24 -hour format...Silent 
all -electronic tuning. It's done with uhf and vhf 

varactor diode tuners...Touch-to-tune, reprogram- 
mable, digital channel selection...up to 16 chan- 
nels, uhf or vhf ...in whatever order you wish... 

there's no need to ever tune to an unused chan- 

nel. LC IF amplifier with fixed ten -section LC IF 

bandpass filter in the IF strip...eliminates the 

need for critically adjusted traps for eliminating 
adjacent -channel and in -channel carrier beats. No 

IF alignment is needed ever. Touch volume con- 
trol... when the remote control is used ...touch 
switches raise or lower the volume in small steps." 

POPULAR ELECTRONICS took a look at the 25 -in. 

(diagonal) picture and said it "can only be de- 

scribed as superb. The Black (Negative) Matrix 

CRT, the tuner and IF strip, and the video ampli- 
fier provide a picture equal to 

that of many studio monitors..." 

Furthermore, the Heathkit 
per- GR-2000 is an easier kit - 
11 I - 

1 
form TV to build. POPULAR 

i r ELECTRONICS pointed 
out that "Each semi- 

conductor has its own 
socket and there are 12 

factory -fabricated inter- 
connecting cables...The 

I complete color adjust- 
-, ments can be performed 

in less than an hour." 

) 
To sum up, POPULAR 

ELECTRONICS concluded 
its study by stating, "In our 

view, the color TV of the future is here - and 

Heath's GR-2000 is it!" 

Why not see what the experts have seen? The 
Heathkit Digital Design Color TV-without ques- 
tion the most remarkable TV available today. 

Mail order price for chassis and 
tube, $649.95`. Remote Control, 
$79.95*, mail order. Clock, $29.95 
mail order. Cabinets start at 
$139.95'. (Retail prices slightly 
higher.) 

Send for your FREE '74 Heathkit Catalog-world's largest selection of electronic kits 

HEATHKIT ELECTRONIC CENTERS 
Units of Schlumberger Products Corporation 

Retail prices slightly higher. 
ARIZ.: Phoenix; CALIF.: Anaheim, El Cerrito, Los 
Angeles. Pomona, Redwood City, San Diego (La 
Mesa), Woodland Hills; COLO.: Denver; CONN.: 
Hartford (Avon); FLA.: Miami (Hialeah), Tampa; 
GA.: Atlanta; ILL.: Chicago, Downers Grove; IND.: 
Indianapolis; KANSAS: Kansas City (Mission); KY.: 
Louisville; LA.: New Orleans (Kenner); MO.: Balti- 
more, Rockville; MASS.: Boston (Wellesley); MICH.: 
Detroit; MINN.: Minneapolis (Hopkins); MO.: St. 
Louis; NEB.: Omaha; N.J.: Fair Lawn; N.Y.: Buffalo 
(Amherst), New York City, Jericho (L.I.), Rochester, 
White Plains; OHIO: Cincinnati (Woodlawn), Cleve- 
land, Columbus; PA.: Philadelphia, Pittsburgh; R.I.: 
Providence (Warwick); TEXAS: Dallas, Houston; 
WASH.: Seattle; WIS.: Milwaukee. 

CIRCLE 

[-Heath Company, Dept. 10.6 
heathkitrJLI I 

Benton Harbor, Michigan 49022 

Please send FREE Heathkit Catalog. 
Name 

Address 

i.-. 

HEATH 

Schlumberger 

(] X ..1 City State lip 

....,_.,,,,m,....L..........mi Prices & specifications subject to change without notice. I 
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 1 
Stereo Scene 

HARDLY a year begins without someone 
announcing a revolutionary way to 

build loudspeakers. And hardly a year ends 
without that same vaunted speaker design 
finding oblivion in some patent attorney's 
"inactive" files. But last year was different. 
After long periods of quiet gestation, three 
genuinely new speaker principles burst into 
public consciousness and proved themselves 
worthy of serious attention. 

The Magneplanar Design. First of all, 
a company called Magnepan developed the 
Magneplanar speaker, presently marketed 
by Audio Research Corp. (the company 
that makes very expensive vacuum -hype 
amplifiers). Several other distributors are 
due shortly. From outward indications, the 
slagneplanar could have been conceived as 
as antidote to the ills of the electrostatic 
speaker, which are, alas, legion. One of 
the prime difficulties is that very high volt- 
ages are the lifeblood of electrostatics. 
Special power supplies are required to keep 
the charges on the conductors; and suit- 
able transformers must follow the power 
amplifiers to step up the output voltages. 
At best, all this merely adds to the cost of 
the speakers. But there are also some prac- 
tical problems. 

Electrostatics are rather inefficient; and 
amplifiers that don't like large capacitive 
loads (or transformers) don't work well with 
them. Because of the high voltages involved, 
electrostatics me subject to arcing when large 
diaphragm excursions occur. (Sometimes 
this takes place with a vicious snap, followed 

New Speaker 
Designs 

ACOUSTICALLY 
TRANSPARENT 
POLE PLATE 

STRIP 
MAGNETS 

By Ralph Hodges 

AUDIO 
CURRENT 
CONDUCTOR 

THIN 
FILM 
DIAPHRAGM 

Magneplanar speaker, a- 
bove, resembles a folding 
screen covered in loose- 
weave fabric. Diagram at 
left shows how it works. 

by a general sonic disorientation as the 
speaker tries to recover its composure.) flight 
voltages are also responsible for the "corona" 
effect, in which the static charges that drive 
the speaker simply bleed off through the 
atmosphere, to the further detriment of effi- 
ciency. This problem is at its worst on humid 
days. When the air quality is "unsatisfac- 
tory," as we say in New York, electrostatics 
act as pollution precipitators. Their charged 
surfaces grab particles of dust, smoke, grime, 
grease-almost anything light enough to 

12 POPULAR ELECTRONICS 
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linger in the air-and wear them as a coat- 
ing that is difficult to remove. 

If this seems like a brief against electro- 
statics, it's not meant to be. Many users 
have enjoyed years of delight and rapture 
from their precise, sparkling (or sometimes 
silky) sound. There is even progress re- 
ported in the curbing of their foibles. In 
particular, the Dayton Wright outfit has 
sealed electrostatic drivers away from the 
problematic atmosphere with acoustically 
transparent plastic filio. Also, models of- 
fered by Crown International incorporate 
some do partures from the norm, said to pro- 
mote more even distribution of static 
charges over the various surfaces. 

Rut back to the \lagneplauar. As his 
point of departure, Jim Winev, its inventor, 
dropped the electrostatic principle but re- 
tained the physical configuration. The 
speakers are tall, rectangular, and very 
shallow. They contain M-yla r diaphragms 
adjacent to stationary plates with perfora- 
tions to emit sound. But they are dynamic 
de\ ices. The fixed plates support, and act 
as pole pieces for, an arrangement of flat 
bar magnets, while the diaphragms carry 
a continuous pattern of fine wire that sere es 
as a voice coil. Since it is not actually 
a coil, however, a purely resistive load is 
claimed, presenting virtually no reactance 
to the amplifier. As for the amplifier, it 
drives the speaker directly, with compara- 
tively modest voltages that don't encourage 
sparks, leakage, or contamination. 

Not all of the electrostatic's failings are 
cured by the \Iagneplanar principle. Effi- 
ciency is still relatively low; and, like 
electrostatics, the Vlagneplanars suffer 
somewhat from acoustical cancellation be - 

Top view of the Heil driv- 
er. The pole pieces are 
actually formed of hori- 
zontal plates that make 
an acoustical lens near 
the diaphragm at center. 

tveen front and hack radiations, which af- 
fects bass response. As a result, the radi- 
ating areas have to be large to generate 
substantial acoustic output at low frequen- 
cies. The available models are fully as large 
as many of the full -range electrostatic sys- 
tems that are popular today. 

The Heil Twist. Not long after the Mag- 
neplanar's introduction, a man by the name 
of Oskar Heil managed to interest a small 
speaker company, ESS, in his idea for mak- 
ing film -diaphragm speakers smaller and 
more efficient. Fleil demonstrated a flacc'd 
rectangular diaphragm gathered into verti- 
cal folds, like a narrow, hanging curtain. 
Large magnetic structures flanked the cur - 

The two-piece ESS/Heil driver. Diaphragm 
assembly has been removed and laid on its 
side in front of the magnetic structure. 

14 POPULAR ELECTRONICS 
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fain at either edge, distributing a mag- 
netic field throughout its width. 

Heil's thesis was that "squeezing mo- 
tions" exerted on the air were more efficient 
propagators of acoustic energy than the 
back -and -forth excursions of conventional 
cone or film diaphragms. The way he got 
the diaphragm to squeeze air is slightly 
reminiscent of the Magneplanar approach. 
Again a "voice -coil" grid is used, this time 
made of foil stripes applied to the sides of 
each fold. The signal current from the 
amplifier runs up one stripe and down the 
other, causing the stripes to move left or 
right, but alternate stripes move in oppos- 
ing directions. As a result, the folds on one 
side of the diaphragm draw together, ex- 
pelling air; on the opposite side, they open 
up, sucking air in. At each reversal of cur- 
rent, the roles of the diaphragm sides also 
rc\ else. I leil called this a "meandering" 
motion; and it works. 

The first Ileil/ESS speaker system, the 
aint-1 became available in the early mouths 
of 1973. It is a hybrid, employing a Veil 
tweeter and a conventional cone woofer, 
since the magnet structures for a woofer - 
size Heil diaphragm would be much too 
?missive to be practical. 

ESS has been grappling with designs for 
a Veil woofer ever since. The latest con- 
figuration also squeezes air, by means of 
an upright column of rigid plastic -foam 
plates that apply a bellows action. The 
moving plates are interleaved with station- 
ary surfaces and are driven by an arrange- 
ment of long 'ertical rods connected to a 
conventional voice-coil/magnet assembly un- 
derneath. (A push-pull version with voice 
coils above and below is also under serious 
consideration.) 

To look at the device, you'd expect it to 
clatter like a weaver's loom in operahon. 
I lowever, a preliminary model \vas demon - 
stated to the public in June of 1973. and 
the most apt description of what was heard 
then would be "potent." Furthermore, the 
small size of the driver (described as a 
"cannister just large enough to contain a 
regulation NFL football") spoke well for 
Neil's claim of high efficiency. 

The Ohm Approach. The third of the 
new speakers is practically a testament of 
faith by speaker designer Martin Gersten 
to an idea proposed by the late Lincoln 
\Valsh, who unveiled the first working-and 
reportedly terrible sounding-prototype to 

an unachniring world some years ago. To 
explain the \Valsh principle, we'd best go 
back to the familiar stone -in -a -pond analogs' 
of sound propagation. Remember the pond 
and its spreading circles of concentric rip- 
ples'? Then imagine that we could grasp the 
water at the very point where the stone 
entered and pull the entire surface upward 
like a table cloth. This would create a 
steep -sided cone, pointing up, with ring- 
like vibrations descending down the sides -a pretty fair conceptual description of 
the \Valsh/Ohm speaker. 

The \Valsh principle reasons, correctly, 
that it's impossible to make a speaker cone 
behave like a perfect piston at all audio 
frequencies ( unless, of course, you make 
the cone so small that it has no low - 
frequency output). So why not encourage 
the cone to break up into controlled vibra- 
tory modes, and let the resulting trains of 
pulses agitate the air as they pass down- 
ward through the cone surface? With the 
proper cone material, this should permit 
a single large cone to serve for all fre- 
quencies. Since there would be no attempt 
to damp out local vibrations in the cone 
structure (on the contrary; local vibrations 
are wanted), the thing could theoretically 

ti 
Uthei. .,.., ,.. 

'I,, 

The insides of an Ohm F (foreground) speak- 
er system, with larger Model A in background. 
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MAGNET ASSEMBLY 

The voice coil of the Ohm/Walsh speaker sys- 
tem sends trains of impulses down through 
cone material. Slope of cone is designed to 
propagate cylindrical, in -phase wavefront. 

be made efficient at high frequencies as well 
as at low. 

Detractors spoke up immediately. How, 
they demanded, could you stop the vibra- 
tions once they got started? What would 
keep them from reaching the bottom of 
the cone and then bouncing right back 
again, just as wavelets in a pond do when 
they encounter the shore? \lechanical 
clamping is out; and electrical damping 
through the voice coil at the top of the 
cone is impossible. The coil just initiates 
cone motion, rather than controlling it as 
in conventional speakers. 

There being no easy answers to these 
questions, Gersten and his associates at 
Ohm Acoustics apparently didn't look for 
any. They just slogged away at the prob- 
lems empirically, trying to get the Walsh 
principle to work. Their final answer \vas 
a two-piece cone, beginning in titanium 
near the voice coil and ending in aluminum 
(Ohm Model A) or paper (Ohm Model 
F). More recently, the paper sections of 
some Ohm F's have acquired sheathings 
of metal foil. The combination of mate- 
rials evidently afforded low damping at 
the top of the cone and higher damping 
near the bottom, which allowed the Ohm 

designers some latitude in adjusting the 
behavior of the cone. 

The result is a lively, vet pleasantly 
homogeneous, treble end and more -than - 
ample bass. In fact, the bass is almost the 
system's undoing. It can be grotesquely 
heavy at times, requiring some drastic 
equalization. But when the conditions are 
right, the Ohm speakers produce a clear, 
eerily soundless impact that goes straight 
to the kidneys. 

Ultimate Solutions? After so many mis- 
carriages, it is a pleasure to be able to 
report real progress in the area of speaker 
design. But I don't want to suggest that 
any kind of ultimate solution is at hand. 
These new speaker designs take a differ- 
ent tack to achieve a desired end result. 

As sound radiators, they still have direc- 
tional properties that are governed by their 
physical construction. 

The Magneplanar, lira its electrostatic 
brethren, is highly directional unless its 
diaphragm is sectioned to provide small 
radiating areas. The Heil tweeter, which is 

already small, and the Walsh/Ohm speak- 
er, a circular source, are essentially omni- 
directional in the horizontal plane (which 
is good or bad, depending on where you 
stand in the dispersion controversy). None 
of them offers any consistent resemblance 
to the directional properties of the various 
symphony -orchestra instruments, if that is 
an important speaker criterion. 

Efficiency is another consideration. The 
Heil looks good in this respect, but the 
Magneplanar is on the 19w -1,. The Ohm 
A is reported at least 6 dB lower in effi- 
ciency than the average acoustic -suspension 
design. This calls for a quadrupling of 
amplifier power to get equivalent sound 
levels-a heavy tax on even the largest 
amplifiers. 

Finally, and perhaps most significantly, 
the histories of these designs show that 
they haven't been much ea,ier to coax into 
high-fidelity performance than their cone 
predecessors. 

The main difficulty facing new speaker 
designs is that people can't agree on what 
a speaker should do to create a sense of 
sonic reality. Therefore, they can't design 
for it in advance. 

On the brighter side, this is a trio of 
interesting departures that illustrate there is 
more than one way to skin a cat in achieving 
electro -mechanical hi-fi. O 
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