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LET US TAKE CARE OF YOUR TUNER PROBLEMS...

PTS will repair any tuner—no matter how old or new. Fastest Service—8 hour—In and out the same day. Overnight transit to uv-COMBO

LOS ANE

COL

VHF, UHF $10.95

17.95

one of our strategically located plants. Best Quality—you and your customers are satisfied.
PTS uses only ORIGINAL PARTS! No homemade or make-do, inferlor merchandise (this is why we charge for major partsh. |F-SUBCHASSIS 12.50
You get your tuner back in ORIGINAL EQUIPMENT condition.

PTS is recommended by more TV Manufacturers than any other tuner company and is overhauling more tuners than all other

tuner services combined.

PTS ELECTRONICS, INC.

.BLOOMINGTON, INDIANA 47401
-BIRMINGHAM, ALABAMA 35222

HOME OFFICE
ALABAMA

ARIZONA

CALIFORNIA CENTRAL
CALIFORNIA NORTH
CALIFORNIA SOUTH
COLORADO

FLORIDA NORTH
FLORIDA CENTRAL
FLORIDA SOUTH
INDIANA

KANSAS

LOUISIANA
MARYLAND
MASSACHUSETTS EAST
MASSACHUSETTS WEST
MICHIGAN
MINNESOTA
MISSOURI

NEW JERSEY

NEW YORK

NORTH CAROLINA
OHIO SOUTH

OHIO CENTRAL

OHIO NORTH
OKLAHOMA

OREGON
PENNSYLVANIA WEST
PENNSYLVANIA EAST
TENNESSEE

TEXAS SOUTH
TEXAS NORTH
VIRGINIA
WASHINGTON
WISCONSIN

We offer you finer, faste

.LOS ANGELES, CA. 90023
.SACRAMENTO, CA. NO. 95841

SILVER SPRINGS, MD. 20910
.SOMERVILLE, MASS. 02144
.SPRINGFIELD, MASS. 01103

.PORTLAND. OREGON 97213
PITTSBURGH, PA. 15202
.UPPER DARBY, PA. 19082

.HOUSTON, TEXAS 77032

Tuner Service

Major parts and shipping
charged at cost. (Dealer net!)

5233 S. HIGHWAY 37

524 32ND ST. SO.

2412 W. INDIAN SCHOOL RD.
4184 PACIFIC WAY

4611 AUBURN BLVD.

5111 UNIVERSITY AVE.
4958 ALLISON ST.

1918 BLANDING BLVD.
2703 S. MACDILL

12934 N.W. 7TH AVE.

5233 S. HIGHWAY 37

3116 MERRIAM LANE
2914 WYTCHWOOD DR.
1105 SPRING ST

52 HOLLAND ST.

191 CHESTNUT ST.

13709 W. 8 MILE RD.

815 W. LAKE ST.

8456 PAGE BLVD.

158 MARKET ST.

993 SYCAMORE ST

724 SEIGLE AVE.

8180 VINE ST.

4003 E. LIVINGSTON AVE.
5682 STATE RD.

3007 N. MAY

5220 NE SANDY BLVD.
257 RIVERVIEW AVE. W.
1742-44 STATE RD.

3614 LAMAR AVE.

4324-26 TELEPHONE AVE.
MOPAC RD.

3118 E. PRINCESS ANNE RD.
432 YALE AVE.

3509 w. NATIONAL

. 1 YEAR
} GUARANTEE

ST ELECTRONICS, INC. . . .

... Number ONE and still trying harder!
(Not a Franchise Company)

812-824-9331
205-323-2657
602:279-8718
213-266-3728
916-482-6220
714-280-7070
303-423-7080
904.389-9952
813-839-5521
305-685-9811
812-824-9331
913-831-1222
504-885-2349
301-565-0025
617-666-4770
413-734-2737
313-862-1783
612-824-2333
314-428-1299
201-791-6380
716-891-4935
704-332-8007
513-821-2298
614-237-3820
216-845-4480
405-947-2013
503-282-9636
412-761-7648
215-352-6609
901-365-1918
713-644-6793
214-753-4334
804-625-2030
206-623.2320
414-643-8800

PHOENIX, ARIZONA 85061

SAN DIEGO, CA. SO. 92105
ARVADA, COLORADO 80001
JACKSONVILLE, FLA. NO. 32210
TAMPA, FLA. 33690

MIAMI, FLA. SO. 33168
BLOOMINGTON, IND. 47401
KANSAS CITY, KANSAS 66106
METAIRIE, LA. 70003

DETROIT, MICH. 48235
MINNEAPOLIS, MINN. 55408
ST. LOUIS, MO. 63130

E. PATERSON, N. JERSEY 07407
BUFFALO, NEW YORK 14212
CHARLOTTE, N. CAR. 28205
CINCINNATI, OHIO 45215
COLUMBUS, OHIO 43227
PARMA, OHIO 44134
OKLAHOMA CITY, OK. 73106

MEMPHIS, TENN. 38118

LONGVIEW, TEXAS 75601
NORFOLK, VA, 23504
SEATTLE, WASH. 98108
MILWAUKEE, WIS. 53215
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INSIDE the Altair Computer

1. Central Processing Unit (CPU) Board.
This double-sided board is the heart of the
Altair 8800. It was designed around a
powerful, byte oriented, variable word
length processor—a complete central
processing unit on a single LSI chip using
n-channel, silicon gate MOS technology.
The CPU board also contains the Altair
System Clock —a standard TTL oscillator
with a 2.000 MHz crystal as the feedback
element

2. Power Supply. The Altair Power Supply
provides two +8, a +16 and a — 16 volts.
These voltages are unregulated until they
reach the individual boards (CPU, Front
Panel, Memory, 1/0, etc.). Each board has
all the necessary regulation for its own
operation

The Altair Power Supply allows you to
expand your computer by adding up to 16
boards inside the main case. Provisions for
the addition of a cooling fan are part of
the Altair design

3. Expandability and custom designing. The
Altair has been designed to be easily
expanded and easily adapted to thousands
of applications. The hasic Altair comes
with one expander board capable of hold-
ing four vertical boards. Three additional
expander boards can be added inside the
main case

4. Altair Options. Memory boards now
available include a 1024 word memory
board, a 2048 word memory board, and a
4096 word memory board. Interface boards
include a parallel board and 3 serial boards
(RS232, TTL and Teletype). Note: Interface
boards allow you to connect the Altair
Computer to computer terminals, tele-
typewriters, line printers, plotters and other
devices

Other Altair Options include additional

expander boards, computer terminals,
audio-cassette interface board, line
printers, ASCII keyboards, floppy disc sys
tem, alpha-numeric display and more

5. All aluminum case and dress panel. The
Altair Computer has been designed both
for the hobbyist and for industrial use. It
comes in an all aluminum case complete
with sub-panel and dress panel

6. It all adds up to one fantastic compuler.
The Altair is comparable to mini-com-
puters costing 10-20 thousand dollars. It
can be connected to 256 input/output
devices and can directly address up to
65,000 words of memory. It has over 200
machine instructions and a cycle time of
2 microseconds

You can order the Altair Computer by
simply filling out the coupon in this ad or
by calling us at 505/265-7553. Or you can-
ask for free technical consultation or for
one of our free Alitair System Catalogues

PRICES:

Altair Computer kit with complete assembly
instructions $439.00
Assembled and tested Altair Computer $621.00
$97.00 kit and
$139.00 assembled
$145.00 kit and
$195.00 assembled

$264.00 kit and

1,024 word memory board

2,048 word memory board

4,096 word memory board
$338.00 assembled.

Full Parallel Interface board
and $114.00 assembled.

Serial Interface board (R$232)
$138.00 assembled.

Serial Interface board (TTL or teletype)
kit and $136.00 assembled

Audio Cassette Record Interface

$92.00 kit
$119.00 kit and

$124.00

$128.00 kit and
$174.00 assembled
Expander Board (adds 4 slots to 8800) $16.00 kit
and $31.00 assembled

NOTE: Altair Computers come with complete docu
nentation and operating instructions. Altair cus
tomers receive software and general computer
information through free membership to the Altair
User's Club Software now available includes a
resident assembler, system monitor, text editor and
BASIC language

MIT1S/6328 Linn NE, Albuquerque, NM, 87108 505/265-7553

subject to change

without notice. Warranty. 90 days on parts

or kits and 90 days on parts and labor for
assembled units

rices and specilications
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More and more professional instal-
lers are choosing Jerrold top-rated
antennas, preamplifiers, accessories
and MATV equipment. |f you are one
of the many professionals using
Jerrold equipment, this Jerrold Bi-

centennial Bonanza program will
give you the opportunity to gain free

\ onatye,
~. A Bonanza of

gifts as our way of saying “Thank
You.” If you are not yet using the
Jerrold line, these premium gifts are
an incentive for you to try Jerrold
products. For complete details on

Jerrold Levelite,
Model L-200

TV Signal Presence
Indicator

.

Personalizea -
Digital

LED Watch —
Your Name

Under Crystal

this program, contact your partic-
ipating Jerrold distributor today.

For the name of your local Jerrold
distributor call the appropriate office
listed below.

Available only from your participating Jerrold distributor

JERROLD E

Distributor Sales Division

a GENERAL INSTRUMENT company

HEADQUARTERS & EASTERN OFFICE 200 Witmer Rd., Horsham, Penna. 19044, (215) 674-4800
SOUTHERN OFFICE 1 Perimeter Place, Suite 101, Atlanta, Georgia 30339, (404) 432-3102
WESTERN OFFICE 1255 Veterans Blvd., Redwood City, Calif. 94063, (415) 365-5050
MIDWESTERN OFFICE 1334 Atlantic Street, North Kansas City, Mo. 64116, (816) 474-0450
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HI-FI 16 Inside the QS Matrix
STEREO How the magic is performed. by Hideo Kitahra

4-CHANNEL 36 R-E Lab Tests Pioneer CT-F9191
A most complete report on a new
front-loading cassette deck. by Len Feldman

39 R-E Lab Tests Soundcraftsmen RP 2212
Detailed report on a new equalizer. by Len Feldman

41 How To Buy Bookshelf Speakers
First of a 3-part series that examines the user's
requirements and pits them against the manufacturer's
product. by Art Kleiman

52 Hi-Fi Add On’s You Should Know
They may not be necessities, but they can add
convenience to your music system. by Fred Petras

BUILD ONE 33 4-Channel Matrix Synthesizer
OF THESE Use it with your 4-channel system. It converts
2-channel music sources into 4-channel matrix
signals—for about $20. by Arnold Nichols

§9 Doorbell Programmer Sets Up Your Prom
Use it to program the PROM doorbell you built
last month. by Ralph E. Cousino

TEST 50 Super-Fi Testing
EQUIPMENT When you test hi-fi gear that has remarkable
specs, you've got to use test equipment that’s
equally remarkable. by Len Feldman

104 Equipment Report
Simpson 432, “Chroma-Line” color-
pattern generator.

GENERAL 4 Looking Ahead

ELECTRONICS Sneak preview of tomorrow's news.
by David Lachenbruch

TELEVISION 62 Step-By-Step Troubleshooting Charts
Good color depends on a good video signal.
Check the video stages when color isn't right.
by Stan Prentiss

69 Service Clinic
DC volume controls. by Jack Darr

96 Reader Questions
R-E’s Service Editor solves reader problems.

DEPARTMENTS 12 Advertising Sales Offices 90 New Literature

108 Advertising Index 86 New Products
14 Letters 97 Next Month
6 New & Timely 111 Reader Service Card

ON THE COVER

R-E’s hi-fi test lab puts some
of the latest hi-fi gear
through its paces. Here the
Pioneer CT-F9191 gets a
thorough going over. The
complete report starts on
page 36.

HI-FI ADD-ON ACCESSORIES can make your
system easier to use and more interesting to
listen to. See the latest products.

.+..turn to page 52
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4-CHANNEL MATRIX SYNTHESIZER is easy
to build. One IC turns 2-channel stereo into
4-channel matrix sound. ...800 page 33
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Holographic videodisc
R SRR R SR T S

The leading contenders in
the home videodisc sweep-
stakes have been laser-optical
systems developed by Philips,
MCA and Thomson-CSF; a
capacitance system devel-
oped by RCA, and the Ger-
man-British TeD mechanical
system. Now along comes
Hitachi with the first Jap-
anese-developed system un-
veiled to date. The Hitachi
system, already demonstrated
in the lab, uses holography.
The disc spins at a lazy 6 rpm,
as opposed to 1,800 rpm for
the American-standards ver-
sion of the optical and me-
chanical systems and 450 rpm
for the capacitance system.

The Hitachi system records
each frame of the color tele-
vision picture in the form of
a composite hologram about
one millimeter in diameter.
Actually, three holograms are
superimposed—for luminance,
chroma and sound—and read
out at three different angles
while being illuminated by a
single laser. In a technical
paper on the system, Hitachi
scientists said: ‘“More than
2,000 holograms were ar-
ranged on a photoresist disc
to give several minutes of play
of motion pictures in color.
Continuous rotation of the
disc at 6 rpm gave color mo-
tion pictures and sound on a
TV monitor.”

It's not known whether
Hitachi intends to further de-
velop the system, but some
industry engineers are en-
couraged by it. Zenith's Re-
search Vice-President, Robert
Adler, said it was an en-
couraging sign that “there are
indeed other alternatives” in
approaching the videodisc
playing system. If the holo-
graphic approach sounds
familiar, you may recall RCA’s
‘‘HoloTape SelectaVision'
system, unveiled in 1969 (and
since shelved), that used
holographic images on Mylar
tape. Interestingly, RCA re-
ceived a British patent in 1969
for a holographic videodisc
recording process.

Hitachi's system can ac-

commodate 54,000 frames, or
about 30 minutes playing time
on a 12-inch record, and
records can be reproduced
by the standard stamping
process.

Lsima i e
Unlicensed CB’s

The problem of unlicensed
Citizens band radio operation
was the subject of a recent
conference between FCC staff
members and two-way radio
manufacturers. The FCC is
swamped with license appli-
cations, with nearly a quarter-
million pending, and it's fall-
ing farther behind each week
as CB sales boom. It currently
takes about eight weeks to get
a license—which now is done
after the equipment is pur-
chased—and this encourages
illegal operation. The FCC
admits it can't possibly police
the band and it has no idea
how many illegal operators
there are.

The Commission staff pro-
posed a quick-license plan,
and most of the manufacturers
appeared to agree. This would
empower CB dealers to issue
temporary licenses at the time
the equipment is sold, collect
the four-dollar fee and for-
ward the application for a per-
manent license to the FCC.
Using this procedure, a buyer
could operate his new CB
radio legally as soon as he
bought it.

A st v et T
Digital TV tuning
AR WL 7 < v TR

Random-access digital tun-
ing seems to be the wave of
the future in color TV. RCA
has introduced a new 25-
inch color chassis that fea-
tures a remote hand-held
“‘control center” with a calcu-
lator-like keyboard. Select-
ing a channel (0" and "“7"
for Channel 7, or “3" and
“5" for Channel 35) turns the
set on and tunes it to the
proper channel. In the bottom
part of the screen, the correct
time and channel number ap-
pear in white numerals that
remain for a few seconds. The

silent ultrasonic remote con-
trol is also used to adjust
color, tint and volume. When
color is being adjusted, the
time and channel number ap-
pear on the screen in red.

The RCA unit is similar in
the way it addresses the set
to the Magnavox's “STAR”
system, which is now in its
second year. The new version
of STAR is available on some
19- as well as 25-inch sets
and has two calculator-like
tuning units—one remote and
one affixed to the set.

At least five more digital
TV-addressing systems are
under development by other
companies. Recently demon-
strated was General Instru-
ment's “Omega’ system that
uses up to four LSI's and like
the RCA device can accom-
modate up to 100 channels
making it suitable for tuning
to special CATV as well as
broadcast channels. The sys-
tem employs a non-volatile
memory developed by NCR.
This memory will store infor-
mation—fine tuning, last chan-
nel viewed, etc.—for more
than 10 years, even if the
set has been turned com-
pletely off or unplugged.
Other digital tuning systems
are under development by
National Semiconductor in
cooperation with Plessey as
well as Motorola, Texas In-
struments and Fairchild.

AR RN
Filter tube
NIRRT R TR b

What is the next step in
color pix tubes after negative
matrix? It may be the filter
tube. RCA is already in pro-
duction of the ‘AccufFilter”
tube, being used in its newly
introduced 19- and 25-inch
sets in both slot-mask and
conventional phosphor-dot
tubes. The AccuFilter tubes
optically filter the appropri-
ate red and blue phosphor
dots or strips. RCA claims
this system provides up to
25% better contrast in bright
room light, with a brightness
sacrifice of only about 5%.
At a recent technical sympo-
sium, Zenith engineers de-
scribed a somewhat similar

developmental tube called
“Chroma-Filter,”” that uses
red, green and blue filters,
and has improved contrast
but 30% less brightness than
the current negative-matrix
Chromacolor. A Zenith
spokesman said the company
is still working on the filter
concept. RCA’s new AccuFil-
ter tube has been offered to
television manufacturers, but
itis a premium-priced tube, so
itis expected to show up only
in high-end models for some
time.

FERE I R S e I .
TV, 2000 AD
TSR Sy TR TSRS

Zenith's Dr. Adler, address-
ing engineers in Tokyo, gave
some of his thoughts on the
“possibilities” of television in
the next 25 years. The current
trend to simpler controls and
automatic operation of re-
ceivers will continue to the
point where color adjustment
will be completely automatic.
Elimination of ghosts will be
a major challenge. The use
of television retrace time,
particularly in the vertical in-
terval, suggests many possi-
bilities for supplementary
services. One is the transmis-
sion of alphanumerical data
for onscreen display, as is be-
ing tested now in England.

Cable TV may be used to
send literally millions of
single-frame pictures that
could be stored for display at
home and in business. For
many business uses, higher-
resolution television pictures
might be necessary. The long-
sought flat-panel display will
be realized in the laboratory
before 1980, Dr. Adler said,
with gas-discharge devices
and electroluminescence the
“leading candidates.” With
the arrival of such large-
screen displays, higher-reso-
lution pictures may be desir-
able and in city areas they
may be transmitted, digitally
encoded, either from single
high-powered microwave an-
tennas or from many lower-
powered antennas.

by DAVID LACHENBRUCH
CONTRIBUTING EDITOR




New Mallory Ni-Cad Batteries.
argeable 1000 times.
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Team these long-life nickel-cadmium cells
with an automatic Mallory Charger, and you
can recharge them 1000 times, or more.
You'll be sure of having fresh D, C, and AA
batteries, while saving money, time and
irouble. Mallory Rechargeable Nickel-
Cadmium Batteries keep on coming back for
more in electronic calculators, tape recorders,
radios, cameras, toys, other battery-powered
products.

Keep a spare set of Mallory Ni-Cads on hand,

and you’ll never run out of battery power
again. They recharge to full strength, two or
four at a time. And unlike ordinary dry cells
that lose voltage during discharge, Mallory
Ni-Cads with a full charge maintain operating
voltage during the ent re work cycle. You get
maximum power, continuously, for top product
performance.

For the long run, Mallory Rechargeable

Ni-Cads . . . the 1000-time batteries. Get them
now at your Mallary Distributor.

MALLORY DISTRIBUTOR PRODUCTS COMPANY

a division of P. R. MALLORY & CO. INC.
Box 1284, Indianapolis, Indiana 48206; Te_.ephone: 317-:8568-3731

Batteries » Capacitors » Controls « Security Products « DURATAPE® « Resistors « Semiconductors « SONALERT® « Switchess Fastening Devices

DURATAPE® and SONALERT?® are registered trademarks of P. R. Mallory & Co. Inc.
Circle 4 on reader service card
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new & timely

Electronic heart mini-checker
can be operated by patient

Two new devices—or two variations of
one device—weighing only five ounces
each, enable a heart patient to check
his condition with his doctor immediately
over the telephone. (Former devices re-
quired that electrodes be applied by a
doctor or medical technician, and were
often the size of a small typewriter.)

These CardioBeeper monitors owe
their compactness and light weight to
two special integrated circuits designed
and developed by ITT Semiconductors, a
division of ITT. The complete units are
made by Survival Technology, Inc. of
Bethesda, MD, and are marketed by
Wyeth Laboratories of Philadelphia.

One device is for patients who have a
heart condition that requires continued
medical follow-up, the other for those
who have an implanted heart pacer.
Either CardioBeeper can transmit an
electrocardiogram to the patient's doc-
tor, or can beep signals direct to the pa-
tient’s attention.

THE NEW MINIATURE HEART MONITOR is
demonstrated by Jes Schlaikjer of ITT. The
leads to the plastic armpit sensors are seen
entering above the shirt button. The BEEP
and ECO (electrocardiogram) contacts are
at the bottom of the compact unit, the TEST
contact at upper right and the lamps at
upper left.

To use, a plastic sensor—attached to
the monitor by wires—is placed in each
armpit. There are no gels, pastes or
straps—the two highly sensitive elec-
trodes are inserted simply by unbutton-
ing the top two shirt buttons or opening
the dress slightly.

To transmit an electrocardiogram, the
patient phones his doctor and places the
monitor against the telephone mouth-
piece. The unit generates a variable

tone—frequency-modulated by the heart
action—between 1 and 2 kHz that is
readily transmitted over any telephone
line. From it, the doctor can take an
electrocardiogram or pacemaker func-
tion on the ECG recorder or scope. Reg-
ular checks can be made without the
patient’'s having to visit the doctor’s
office, or on any occasion the patient
may notice a condition that he feels may
need attention.

In the other operating mode, an audio
beep and one of two flashing lights show
the patient his heart or pacemaker rate.
One light flashes if the rate is higher than
it should be—the other if it is slower. If
indications are not normal, the patient
follows instructions already supplied by
the doctor.

The two modes are selected by touch-
ing one of two contacts. The device re-
mains ‘on’ only as long as contact is
maintained. Thus the battery, which has
a life of 50 hours, cannot be left on and
run down. A third contact checks the
battery, and is set to drop to zero when
there is still 90 minutes of operating
power left.

Microprocessors to save 40%
of gas used in motor cars?

A tiny electronic device is achieving
significant gasoline savings in tests be-
ing made by major automobile makers,
RCA Chairman Robert Sarnoff told the
29th annual Business Conference of the
Indiana University School of Business.
Preliminary tests indicate that the device
—a microprocessor—will be able to
boost mileage up to 40 per cent.

The microprocessor is a miniature
computer containing 6,000 transistors
and other electronic devices in an area
less than a Y% ” square. Installed in a
car with appropriate fink-ups, it can auto-
matically adjust both choke and throttle
for maximum starting efficiency, run the
motor with the right fuel mixture for high-
est fuel savings, and shift gears at pre-
cisely the right time for optimum fuel
efficiency.

Annual savings could amount to 500
million gallons of gasoline—equivalent to
27 million barrels of crude oil. "“Working
with the automotive industry as we are,
the electronics industry should be able
to mass-produce microprocessors by the
millions at a cost of no more than $100
per unit,” Mr. Sarnoff said.

Voice-actuated two-way radios
make blind skiing practical

Blind skiers are no novelty in this day
when people with disabilities are taking
part in almost all kinds of human en-
deavor. And the use of two-way radio in
various types of sports is not new. But

Sammy Skobel, blind skier and founder
of the American Blind Skiing Foundation,
discovered that the standard two-way
portable was not entirely suited to blind
skiing.

The blind skier needs an assistant
when skiing down a hill or when partici-
pating in a slalom competition where the
skiers must travel a zigzag path around
markers strung out in staggered fashion
along the course. The guide is often in an
unhappy situation, since he must yell
at the top of his voice to be heard at all
times. After fifteen or twenty minutes his
voice starts to weaken, and he must rest
for a minute or two.

BLIND SKIER SKOBEL AND GUIDE, with
the Motorola voice-actuated two-way radios
that will be used between skier and guide in
a downhill practice run. With the radios
strapped to their waists, the guide will wear
a speaker/microphone and Sammy Skobel
will wear a speaker on the shoutder of his
parka.

Mr. Skobel consulted with Motorola
Communications and Electronics for a
solution for this sometimes serious
problem. The result was a portable two-
way radio specially adapted to the needs
of the blind skier. The chief difference
between it and the regular type is that
it is voice-operated. A skier often needs
both hands on his poles and cannot push
a talk-listen button at will. With the
voice-operated setup, all he or his guide
have to do is to start talking in a normal
voice and the transmitter goes into oper-
ation. A speaker worn on the shoulder
of the parka near the ear completes the
blind skier’s radio.

“The radio gives me a feeling of free-
dom and security,” says Skobel. *| can
ski almost as if | were alone, but | know
that | will be able to hear whatever in-
structions are necessary and | do not
have to worry about becoming separated
from my guide.”

(continued on page 12)




“V” is for Vaco. And value, too. A good sign in times
like these.

Take our new Super Case. A great value with great va-
riety. 48 professional problem solving tools from screw-
drivers and nutdrivers to pliers, wrenches, crimping
tools. and more! All right at hand. And all uncondition-
ally guaranteed.

You'll find the Super Case and all the other fine Vaco
tools along with problem solving aids, in our new free
‘Answer Book”. From your tool distributor. Or write
direct:

Vaco Froducts Co., 510 N. Dearborn St., Chicago, Illinois
60610.

And remember the sign of the “V”. Value . . . variety . . .
Vaco!
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No other home-study school gives youa TV
like the one you build with NRI’s Master
Course in Color TV/Audio servicing.
Some schools give you three or four plug-in
sub-assemblies off the production line to
put together a commercial set. Others give
you a hobby-kit bought from outside
sources. And because neither type was
originally designed to train people for
TV servicing, lessons and experiments must
be “retro-fitted” to the set as it comes.
That’s why we went to the trouble to
engineer our own, exclusive solid-state TV.
It’s the only way a student can (1)
get the feel of typical commercial
circuitry, (2) learn bench tech-
niques while building a com-
plete set from the “ground” up,
(3) perform over 25 “in-set”
experiments during construc-
tion, and (4) end up with a 25"
diagonal solid-state color TV
with console cabinet and all
the modern features you’ll
find on sets you'll service.
Nobody else can give you this
combination of advantages be-
cause nobody else invested the
time and money to design a set
with learning in mind.

NRI passes the savings
on to you

You don’t pay a big premium to get this unique TV as
part of your training, because NRI engineering eliminates
the cost of buymg from an outside source. And we pay no
saleman’s commission. We enroll students by mail only.
We pass the savings along to you in the form of low
tuition fees, extras like a cabinet for the TV, a solid-state
radio you learn on as you build, and actual instrument
kits for servicing TVs . . . triggered sweep oscilloscope,
integrated circuit TV pattem generator, and 32 digit
digital multimeter. You can pay hundreds of dollars
more for a similar course and not get a nickel’s worth
more in training and equipment.

More know-how
perdollar

That’s what it all boils down to, the quality of training
you get for the money you spend. In our 60-year history,
more than a million students have come to NRI and
we’re fully approved for career study under the G.I. Bill.
We must be teaching something right.

Some of those “right” things are bite-size lessons to
ease understanding and speed learning . . . personal
grading of all tests, with comments or explanations where
needed . . . a full-time staff of engineer/instructors to
help if you need it . . . plenty of *‘real-life” kits and
experiments to give you hands-on training . . . and fully

professional programs oriented to full- or part-time
career needs.

Widest choice of
career opportunities

NRI offers not one, but five excellent TV/Audio
servicing courses so you can tailor your training to your
budget. Or, you can study other opportunity fields like
Computer Electronics, Communications, Aircraft or
Marine Electronics, Mobile Radio, and more. Free
catalog describes them all, showing lesson plans,
equipment and kits, and career opportunities. There’s
no obligation and no salesman will ever call, so send for
your copy today. See for yourself why NRI experience,
selection, and exclusives give you something no other
school can.

If card is missing, write to:

NHINRISCI-DOLS

McGraw-Hill Continuing Education Center
3939 Wisconsin Avenue,
.Woshmgton D.C. 20016

- G/61 4390100

-h



[
NEW & tll‘l‘lE'V( _—

RADIO-ELECTRONICS

Old thrown-out radios
now sought by collectors

Take another look at that old Atwater
Kent radio with dark mottled tubes
standing in brass sockets on a flat
stained “'breadboard”, that you never got
around to clearing out of the attic. It may
now be negotiable at $200 or possibly
much more. And if you paid $300 for a
Stromberg-Carlson Treasure Chest in the
1920's, you may be able to get your
money back for it today.

The urge to collect antique radios, long
an amateur vocation, has produced col-
lectors who have become dealers, origi-
nally to dispose of their duplicates. (Like
many other antique dealers, they often
refuse to sell the best of their stock, and
few models from the 1920’s are on sale.)

A recent survey of New York City
shows one, Fred Driskill at 2623 Broad-
way, who has a 1929 Gloritone he is
willing to dispose of for $150, as well as
a few earlier ones he apparently has no
intention of selling, and later jobs all the
way down to $50.

Unusual designs are featured by an-
other collector-dealer, Alan Moss of 20
East 17th St., who sees prospective cus-
tomers by appointment only. His prize
piece is a peach-toned Sparton offered
at $450, but he has lesser pieces, includ-
ing a Zenith with a sailboat and sea
scene embroidered on the grille cloth for
$40.

Richard Utilla exhibits old radios at
two shops, 244 East 60th St. and 304
East 62nd St. Some of his more modern
selections sell for as little as $28.

Not only do these collectors buy and
sell old radios, some of them repair
them as well. Fred Driskill specializes
in restoring ancient sets, and keeps a
large stock of components on hand for
that purpose. Mr. Moss has his sets re-
paired by Daniel Schulman of Rudan TV
Service and Parts, 344 Third Avenue.
He is an old set designer who was re-
sponsible for many of the Emerson mod-
els.

The survey, which appeared in the
New York Times, covered only one city
but activity is heavy in many parts of the
country, notably the West Coast where
not only collectors but amateur muse-
ums abound.

1975 marks 15th anniversary of
satellite weather prediction

TIROS, a Television InfraRed Observa-
tion Satellite, went into orbit April 1, 1960,
with the hope that an overview of wide
areas of the earth might be helpful in
predicting weather conditions. Fifteen
years and three generations of satellites
later, meteorological procedures are al-

most entirely based on satellite observa-
tions.

Before satellites, a forecaster was un-
likely to know the weather conditions
in more than 20% of the Earth outside
the continental United States. Two-day
and three-day or longer forecasts were
unknown and impractical, and knowl-
edge of such phenomena as coastal fog,
sea ice conditions and snow cover was
sketchy at best.

The weather satellites gave scientists
that knowledge, enabling them to im-
prove the accuracy as well as the lead-
time of their forecasts. They can now
even watch the spawning of hurricanes
and typhoons at sea often as long as two
weeks before they hit fand.

Foliowing the success of TIROS I, nine
other satellites followed in quick suc-
cession, then nine Environmental Survey
Satellites (ESSA) and five ITOS (Im-
proved TIROS) observational satellites.
Today, the satellite is not only *“‘one of
the most successful space programs’ to
the scientist, but an essential part of the
lay television viewer's evening weather
broadcast.

New thousand-dollar car radio
has everything, plus dictation

A new, totally electronic automobile
sound system includes AM radio (four
bands) FM (mono and stereo), plays pre-
recorded stereo or mono cassettes, re-
cords stereo from the radio, and receives
dictation. It is called by its manufacturer,
Blaupunkt Car Division of Robert Bosch
Corp., the first fully electronic car radio
(there are no mechanical parts).

LA L B A A & 4 o L A A 4 B A A J
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NEW BLAUPUNKT BERLIN ELECTRONIC's
control unit—about as big as a pack of king-
size cigarettes—is mounted on a flexible
column and may be installed on the steering
column or other spot convenient to the
driver.

The Berlin Electronic will be offered
by Blaupunkt as a “‘limited edition,” at an
installed price of approximately $1,00C.
The instaliation includes four speakers
at selected points in the car. R-E
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Thenew Sansui LM

Loudspeakers thal
sefthe AES
Convenlion

onils ears.

Atthe Convention of the Audio Engineering Society
in Los Angeles last May, Sansui demonstrated a new
concept in loudspeaker design.

The reception from these experts—chief engineers
of radio and TV stations, record producers, recording
engineers and sales executives of audio companies—was
even more sensational than we ourselves expected.
And these are the reasons:
Unlike conventional speakers, the LM design incor-
porates a multi-radiational tweeter device. High frequencies
instead of being lost through encapsulation, are diverted through

LM 330
CUT-A-WAY

three special exponential horns and recovered into sound energy that

adds a breathtaking sense of ambience, and realism. The LM speakers also display
extremely stable and well-defined stereo images. At the same
time, both the transient response and efficiency of the system are

memmm——

= greatly increased. An extra large woofer assembly gives exceptionally

- strong bass response ordinarily available only in much larger

= and more expensive speakers.

:l Hear any of the 3 models available

- N at your nearest Sansui franchised

7 dealer. You never heard music so LM 330
k )) alive before.
}

Multi-radiational
tweeter

-

-

- SANSUI ELECTRONICS CORP. INY/ T 13774

: Woodside. New York 11377 « Gardena, California 90247 o

— SANSUI ELECTRIC CO., LTD.. Tokyo, Japan » SANSUI AUDIO EUROPE S A.,
S Antwerp. Belgium ¢ ELECTRONIC DISTRIBUTORS (Canada) Vancouver 9, B.C.
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AUTOMATIC

STAPLE GUNS

CUT WIRE & CABLE
INSTALLATION COSTS

. without cutting into insulation!

SAFE! Grooved Guide positions wire for
proper staple envelopment! Grooved Driving
Blade stops staple at right depth of penetratior
to prevent cutting into wire or cable insulation!

=4 ) = 5Y
No. T-18—Fits wires up tow
. 3/16” in diameter.

\’ BELL,
< i3 TELEPHONE,
» % THERMOSTAT
A *'|  INTERCOM,
\\ N || BURGLAR
"\Q\ ALARM
— SN ‘I.‘ and other low |}
o 2/ L - d voltage wiring.
— WY ) Uses T-18
3/staples with 3/16” round crown
—~— in 3/8" and 7/16" leg |englhs)
S p)

rNo. T-25—Fits wires up to
1/4” in diameter.

Same basic construction
and fastens same
wires as No. 7-18.

Also used for
RADIANT ’

HEAT WIRE | ) y

7} Uses T-25 staples \ :

with 1/4" round crown in 9/32", -1
b 8" 7/16" and 9/16" leg lengths

\Q 1)1 TE
NEW! Intermediate’\

No. T-37 -Fits wires and cables

\Ep to 5/16” in diameter.

Same basic construction

as Nos. T-18 & T-25.

-

N

Also used for
CATV and
DRIVE RINGS in
stringing wires.

Jses T-37 staples
8l with 5/16” round crown i
1/2" and 9/16" leg
I

D)
(No. T-75—Fits wires and cables
upto 1/2” in diameter.

7] RADIANT HEAT
CABLE,

UF CABLE,
WIRE CONDUIT
COPPER TUBING |
or any non-metallic k

sheathed cable.

Also used as

- DRIVE RINGS

(1 in stringing wires. oy
o / -' }
Uses T-75 staples with 1/2 ! S
flat crown in 9/ 16", 5/8” \ 7
k and 7/8" leg lengths ), /
P

271 Mayhifl Street, Saddie Brook. N. J. 07663

RADIO-ELECTRONICS
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COLOR TV CAMERA

| have finished reading the first two
parts of the construction article on build-
ing a color TV camera that appeared in
the July and August, 1975 issues of
Radio-Electronics.

| already ordered the parts and am
waiting for them to arrive. The assembly
looks fairly easy and not to complicated.
However, there is one area that is not

fully clear. This is the assembly of the

vidicon, deflection yoke, lens and filter.

The interior photos in the July issue

shows the preamp assembly mounted

over this assembly. Can you help?
Thanks for another interesting and

useful project.

C. A. STROBEL

New York, N. Y.

You are absolutely right! The interior
photos do not show this assembly and
there is nothing in the third and final part
of this article that will help clarify this.
So, we contacted Gary Davis and he was

kind enough to provide some photos.
They appear above.

How about the rest of our readers.
Drop us a line and let us know how you're
making out with this project.—Editor

ANOTHER TV TYPEWRITER

3 A8 T -
WARE LA R AN B T
AT LT PENINATR
TV RAEFS N
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CD-4

DEMODULATOR

TRUE FOUR CHANNEL SOUND
Southwest Technical Products is
proud to offer the most advanced
CD-4 demodulator available. Our new
CD-4 has characteristics superior to
anything previously available thanks
to the QSI-5022 integrated circuit
used in the unit. This IC and the
balance of the circuit was designed
by Quadracast Systems Inc. under the
direction of Mr. Lou Dorren. The
QSI1-5022 contains all the sub-system
functions needed to demodulate a
CD-4 disc, from the phono cartridge
input to the output drive for the four
power amplifiers. It may be used with
either an RIAA equalized magnetic
cartridge, or a semiconductor car-
tridge with flat equalization.

INEXPENSIVE

Now anyone can afford to add dis-
crete true 4 channel sound to their
system. You no longer need be satis-
fied with matrix technigues that pro-
duce acoustrical enhancement, but
not true 4 channel sound. The South-
west Technical Products CD-4 demo-
dulator when added to your system
will produce four channel sound from
a CD-4 encoded disc that will equal,
or surpass anything you can buy—no
matter what the price.

EASY INSTALLATION
The SWTPC demodulator connects

between the cartridge and the volume-
tone control portion of your system.
If you did not want tone controls,
actually all that would be needed in
addition to our CD-4 demodulator
would be volume controls for the
front and rear amplifiers. The demo-
dulator is self powered from any 115
Volt 60 Cycle line. When normal
stereo discs are played on your sys-
tem a muting system automatically
turns off the rear channels. A manual
override 2 or 4 channel selector
switch is provided on the rear panel.

SIMPLE CONSTRUCTION

As shown in the photograph, the vast
majority of the parts mount on the
epoxy-fibreglass circlit board. Part
numbers and package outlines printed
on the top of the board make proper
assembly quite simple. Anyone with
a minimum of electronic experience
should be able to assemble this pro-
ject without any problems. A copy
of the article describing the CD-4
demodulator and assembly instruc-
tions are supplied in the kit.

CD-4 Demodulator Kit............ $50.00 ppd

CD-4 CARTRIDGE

For those who do not already own a
CD-4 cartridge, we are offering the
“Technics’’ EPC-451C semiconductor

197
4 Stmony( g1y,

o
"y g,

*owen

CD-4 DEMODULATOR

(3 Enclosed is $
[J or Master Charge #

or BAC #

strain-gauge cartridge at a special low
price when purchased with our new
CD-4 demodulator kit. This cartridge
features a Shibata-type stylus and ex-
cellent response out to 50 kHz. This
eliminates any chance of "carrier
drop-out”, or ‘‘carrier crosstalk’’
which result in abnormal noise or dis-
torted sound. The EPC-451C pro-
duces a high output (about 30 times
that of an average magnetic cartridge)
and does not pick up hum from mag-
netic, or electrostatic fields. Easily
replaced stylus.

EPC-451C CD-4 Cartridge........ $25.00 ppd

TEST RECORD

Lou Corren has recorded a special
test record for Southwest Technical
Products Corp. that will allow you to
properly adjust your CD-4 demodula-
tor for the best possible sound. This
special test and demonstration record
is yours for only $5.00 when purchas-
ed with the CD-4 demodulator kit.

CD-4 Test Record...................... $5.00 ppd

WANT MORE INFORMATION?
Send the coupon below and $0.50
and we will send you by return mail a
copy of the article describing our new
CD-4 kit along with our catalog of
other kit projects.

MAIL THIS COUPON TODAY

Bank #. Expire Date

(] c0-4 Demodulator Kit

NAME

(Ocartridge [JTest Record

ADDRESS

CiTY

STATE ZIP-

Circle 8 on reader service card

[0 $0.50 Enclosed for catalog & CD-4 Data
Southwest Technical Products Corp., Box 32040, San Antonio, Texas 78284
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QS Matrix Simplified

This approach to 4-channel reproduction has gained

acceptance in recent years.

by HIDEO KITAHRA*

WHEN WE ARE SEATED IN A CONCERT HALL
listening to a musical performance, we are
hearing not only the sounds that reach us
directly from the stage but also the sounds

that are reflected by the walls, ceiling and
innumerable other objects inside the hall.
These refiected sounds arrive at our ears
from many directions and with infinitely
different time lags. Actually, our ears
usually receive much more reflected sound

INTERNATIONAL
FM 2400CH

molule trunsm

The FM-2400CH
provides an accurate
trequency standard for
testing and adjustment of
mobile transmitters and
receivers at predetermined
frequencies.

The FM-2400CH with its extended

and receivers

= Tests Predetermined Frequencies 25 to 1000 MHz
s Extended Range Covers 950 MHz Band
= Pin Diode Attenuator for Full Range Coverage
as Signal Generator
= Measures FM Deviation

MHz. The range covers 25 to 1000 frequencies can be those )
of the radio frequency channels of operation and/or the intermediate
frequencies of the receiver between 5 MHz and 40 MHz.

Frequency Stability: = .0005% from +50° to +104°F.

Frequency stability with built-in thermometer and temperature
corrected charts: = .00025% from +25° to +125° (.000125% special

450 MHz crystals available).

Seif-contained in small portable case. Complete solid state

circuitry. Rechargeable batteries.

FM-2400CH (meteronly) ..............
RF crystals (with temperature correction) .
RF crystals (less temperature correction) ..
IFcrystals.............................

...... 3595.00

24.00 ea.
18.00 ea.

catalog price

Write for catalog!

INTERNATIONAL

Y9

EHYBTAL MFG. COo,, INC

LEE ® OKLA CITY LA
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than direct sounds, and it is these ‘indirect’
sounds that shape for the most part the
peculiar tonal quality of each musical
instrument as determined by its dynamic
range and other important criteria.

It is generally acknowledged that the
conventional monophonic or stereophonic
sound reproduction system is not fully
able to pick up, store, transmit and repro-
duce the totality of this important live
musical sound field information for subse-
quent enjoyment at home. Thus the need
for a more effective system, possibly using
more than two channels of signal trans-
mission, has over the years come to be
recognized. The 4-channel or quadri-
phonic system as we know it today is an
answer to this need.

Obviously, whether it uses two or three
or four transmission channels, a 4-channel
system must resort to using some of the
inter-relationships of its transmission
channels to contain the infinite number of
direct and indirect sounds. And this wili be
true regardless of the number of trans-
mission channels used, so long as it has a
limited number of channels.

These inter-relationships among the
transmission channels are created by a
matrix, and the 4-channel systems avail-
able today are characterized by their use of
different matrices. And herein lies the
cause of the confusion plaguing many
people in the audio and musical industries
of the world. All too often, the problem of
how to secure an appropriate transmission
medium—be it a “discrete” 4-channei disc
or a matrixed or “discrete” FM 4-channel
broadcast—is debated on the same level
as the more fundamental issue of how best
to distribute the original musical signals to
the available number of transmission
channels, be it two, three or four,

It is my opinion that, so long as the in-
finitely complex original sound field in-
formation must be conveyed to the
listener’s home via a limited number of
transmission channels, there should be a
solution based on a single theory of signal
conversion, one that is compatible for the
different number of transmission channels.
There indeed is such a solution, and it is
the purpose of this paper to examine it. T
feel that the problem of how to secure
the appropriate transmission medium for
any given purpose is quite another matter,
and should be discussed from a different
standpoint. Also, I have been encouraged
by the growing recognition of signal con-
version theories as a new, separate field
of study in the recent several years, both
in Japan and abroad.

The QS 4-channel system gives us signal
formats that are appropriate for two, three
and four transmission channels in trans-

(continued on page 20)

*Staff Engineer
Sansui Electric Co., Ltd., Japan



change tips... «
change N
temperatures

Wellex conTROLLED OUTPUT SOLDERING STATION

vse haS inter(:hangeable brains in the form of a ferromagnetic sensor mounted

in the tip that controls iron temperature through unique “closed-loop” circuit. Change tips change
temperatures. A Weller exclusive! It's that simple. 600, 700, or 800° F your
choice. Switching tips is always easy because Weller's exclusive triple-plated
construction prevents oxidation and “freezing”.. assures quick interchange-
ability. And nobody offers as many tip options. Over 50 combinations of
configuration, reach, and temperature, one just right for optimum soldering
action and maximum tip life on any job

UL-listed and OSHA-compliant, Weller's Model WTCP-L has its own
built-in transformer...24 volt output for operator safety. Non-sinking
holder supports and shields the comfort-grip, pencil iron when not
in use. Grounded tip guards against static-discharge damage to
sensitive workpiece circuitry. Base contains handy, tip-cleaning
sponge and receptacle plus off/on switch and red indicator
light. And non-burnable silicone power cord prevents
annoying self-damage

Weller's WTCP-L Station has all the functional features
you need for today’s sophisticated soldering...at the
most attractive price. No fancy extras that only add to
cost. Also available as WTCP-2 for low-temperature
service. See it...get it...at your local distributor
Ask, too, about DS-100 de-soldering units
Or request technical information

" a1 | Weller-Xcelite Electronics Division
The Cooper Group
( INDUSTRIES

~J PO BOX 728 APEX. NORTH CAROLINA 27502
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The Iateét improvement
in picture tubes.

Our labels.
ALL NEW (NEW SCREEN NEW GUN

COLOR PICTURE TUBE

COLOR COLOR PICTURE TUBE
The Same Onginal PICTURE
Equipment Tube We Make For
TV Set Manutacturers TUBE

Wew, Sharp-Focus Electron Gun:
Everything's New Caretully Inspected

Except The Glass! Used Glass. Components. ¥

If you can say what you want, you've got il. And inside, there's the same great tubes

That's our simple new labeling system. you've always had from Sylvania

The labels tell you what's inside, in simple, Trust Sylvania to make life easier. See your
everyday language. Sylvania distributor.

We've kept our standard color coding: red Were helping you make it.

for all-new; blue for new screen and gun,

green for new gun. @ SyLVAN'A



The new B.1.C. 940.
It eliminates the big disadvantage™s
common to all high-performance turntables.

High-performance turntables cost a bundle.

The B.1.C. 940 doesn’t. And yet at about $110...

It’s a belt-drive instrument with a full 12" platter. Its low-mass tone arm
tracks magnificently. It has the stylus force and anti-skate adjustments that
are essential for fine-tuning an arm. It has a low-speed (300 rpm), 24-pole motor

which is inherently quieter than motors found in some .
turntables that cost twice as much. @0@

And when you look over its wow, flutter, and rumble
numbers, the standards against which experts measure all turntables, the
940 is right up there with the costliest equipment you can buy.

The B.I.C. is also versatile. It’s a multiple-play manual turntable...which
means you can operate it in 3-modes: single-play manual, single-play
automatic, or when the oceasion arises, as a multiple-play turntable that will
handle as many as 6 records.

There are shinier turntables made.

There are turntables with more adjustment features.

But for pure, clean, accurate reproduction of what is on your records,
this is the optimum way to spend your turntable dollars.

Ask your audio dealer about the B.I.C. 940 and the 2-year “bee-eye-cee”
warranty. Or write to British Industries, Westbury, N.Y. 11590.

©1975 British Industries Co.. a division of Avnet Inc.
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FREE!

the 1976
Lafayette
Electronics
Catalog

The most comprehensive
consumer electronics
catalog available!

Features Lafayette and Criterion
Products Plus Major Brands
Stereo/Quad Hi-Fi Components e
Tape Equipment ¢ Car Stereo ¢ CB
and Communications Gear ¢ Police/
Public Service Scanners ® TV/FM &
Communication Antennas ¢ PA and
Test Equipment ¢ Tools ¢ Electronic
Calculators and Watches ® Portable
Radios ® Security Systems e PLUS
an exciting new Parts Line, Tubes,

Batteries, Hardware and More!

e Stores Coast-to-Coast

e BankAmericard and
Master Charge

Lafayette

the electronics shopping center

Mail Coupon
Today! -

- i
B Dept. 17105 :
J Latayette Radio Electronics i
g 1 Jericho Turnpike ]
i Syosset, L.I., N.Y. 11791 ) i
| Send me your FREE 1976 Catalog. 1
: Name __Apt. ___ _ =
§ Street I
= City State ]
i 2 00000
| Send a 1976 Catalog to my friend. ]
: Name ______ = = Apt.____ l
J Street

i ciy State I
! 2 00000 |
L X 1 1 N J [ | ¥ T 1 | § | T
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QS MATRIX

(continued from page 16)

mitting and reproducing the original
sound field information. It is based on a
single theory of signal conversion, and is
compatible for the different number of
transmission channels. When used in a
4-2-4 system with two transmission chan-
nels, the QS system provides réproduction
results that closely simulate the original
sound field and that are not inferior in
terms of tonal quality, physical charac-
teristics or in any other high fidelity
standards. This is largely made possible
by the use of a multi-directional encoding
technique and a QS variomatrix decoding
technique. Let’s look at how the QS sys-
tem encodes 4-channel sound for 2-chan-
nel transmission.

The advent of 4-channel sound has
brought a number of benefits to the art of
reproducing music. Most of them result
from the 4-channel systems capability of
storing and transmitting a greater amount
of sound information than the 2-channel
system. This “4-channel information” can
be transmitted by either four separate
transmission channels through the use of a
special high-frequency signal called a
carrier, or by transforming the sound in-
formation into amplitude and phase re-
lationships and sending these over the two
transmission channels currently used. The
former method is best exemplified by a
so-called carrier (“discrete”) disc (CD-4),
while the latter is implemented by a so-
called matrix system.

In stereo sound reproduction, sound
images are located in the L (left) and R
(right) speakers, and between them.
Sound images located between the two
speakers are obtained by reproducing a
given sound from both speakers at a cer-
tain ratio of amplitudes or sound levels.
For instance, a signalof L = 1, R = 0.1
will appear as a sound image located
slightly inside (to the right of) of the L
speaker, while a signal of L. == I, R =1
will appear at the exact center of the dis-
tance between the two speakers. However,
a signal of L = 1 and R = —0.1 will not
seem to fall between the two speakers but
will appear to be located slightly outside
(to the left) of the L speaker (see Fig.
1). Such a signal is called a reverse-phase
signal, and can be easily created on the
transmission end. And just as there are
infinitely different stereo (in-phase) sig-
nals, there can be infinitely different re-
verse-phase signals, with the two kinds

FIG. 1—LOCATION of sound images in stereo
reproduction.
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each possessing different characteristics.

“Encoding” is when stereo (in-phase)
signals and reverse-phase signals are com-
bined into two composite signals (here-
after referred to as an LT signal and an
RT signal) in such a manner that they
can be later reproduced out of four speak-
ers. “Decoding” means unscrambling the
combined signals into four signals on the
reproduction end. These processes are de-
scribed below.

Encoding for 4-channel

Basically, to transmit a sound field via
two transmission channels, any matrix sys-
tem distributes a front signal to LT and
RT (Left Total and Right Total) in phase,
and a rear signal to LT and RT in reverse-
phase. Also, as in stereo recording, if a
signal is located more to the left (either
front or back), it will be distributed in a
greater proportion to LT; if it is located
more to the right, it will be distributed in
a greater proportion to RT.

One important consideration to remem-
ber in encoding sound field information
is that no part of it should be cancelled
or altered by the encoding process.

To elaborate on this point, let’s consider
a sound field to be a circle and divide it
into four equal parts. We now designate
the four points dividing the circle (see Fig.
2) as LF (which can be reproduced by a
signal of L = 1, R = 0.414), RF (L =
0414, R=1),LB(L=1,R =—0.414)
and RB (L. == —0.414, R = 1). This will
certainly mean that a front signal is dis-
tributed to LT and RT in phase, and that
a rear signal is distributed to LT and RT
in reverse-phase. However, it also means
that if there is a sound source at the rear
center (CB), ie., if signals of identical
levels enter LB and RB simultaneously,
LT = 1 —0.414 = 0.586 and RT = 1
—(.414 = 0.586, so that the LT and RT
signals find themselves in phase, allowing
a sound image to be located at the front
center (CF) instead of the rear center
(CB).

The reason for this is that this technique
takes the fact that stereo reproduction uses
in-phase signals to create a line of sound
images between the L and R speakers,
then simply adds reverse-phase signals to
stretch that line outside of the two speak-
ers, letting four speakers connected by
this stretched line form a circle. The junc-
tion points of this line (points B and C
in Fig. 2) do not yet meet each other
completely, so that the circle is not yet
perfect. This is the reason for the unde-
sirable phenomenon described above. In
other words, only the information existing
over the three-quarters of the circle, ex-
cluding the portion between LB and RB,
can be transmitted under this condition.

(continued on page 22)

REPRODUCF D SOUND FIELD

FIG. 2—TRANSMISSION of sound signals by a matrix 4-channel system requires an encoder
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This is the Scheiber system, and it does
not completely fulfill the essential objec-
tive of the 4-channel sound reproduction
system, which is to faithfully reproduce a
live sound field.

However, the unconnected points can be
eliminated by using a phase shift tech-
nique to realize a complete 4-channel en-
coding system. What this phase shift
means is that, as a signal moves away
from the front center point (CF) in the
original sound field, the phases of the
LT and RT signals are simultaneously
changed in proportion to the distance the
signal has moved from the CF.

In this manner the reverse-phase rela-
tionship (a phase difference of 180°)
which otherwise occurs at the junction
points of the circle (CB) is scattered over
the entire circle to create a continuous
circle. Since the LT and RT signals are
simultaneously phase-shifted, any front
signal which is distributed to LT and RT
in phase will remain in phase, while any
rear signal which is distributed to LT and
RT in reverse phase will remain reverse-
phased.

The phase shift as described above will
allow the points B and C of Fig. 2 to join
each other completely, providing a CB
signal and creating a continuous circle.

This technique of phase-shifting the LT
and RT signals simultaneously in propor-
tion to the level difference between the
two composite signals is an essential and
important feature of the QS system.
Patents have been approved on this fea-
ture of QS in several countries around the
world. And with this technique, the QS
system is able to encode a signal located
anywhere on a circle as well as anywhere
inside it.

Decoding a matrix signal

On the playback end, the location of a
particular signal, along the left-right axis
of the original sound field can be deter-
mined from the level difference between
the LT and RT signals. Similarly, the
location of a particular original signal
along the front-back axis can be deter-
mined from the phase difference between
the two composite signals. In other words,
the exact location of a signal is reproduced
accurately by detecting the level and phase
differences of the encoded signals. For in-
stance, a signal encoded as LT 1, RT
0.414 will be located in the front half of
the sound field because there is a zero
phase difference between LT-RT (i.e
they are in phase). Such an encoded signal
will be reproduced at a particular point
(LF) on the left-hand side quarter arc
section of the circle because the LT-RT
level difference is LT : RT — 1 : 0.414.

An actua! QS decoder reproduces such
a signal at its exact location in the original
sound field by making calculations that
are in precise contrast to those performed
by the encoder.

More specifically, assuming a playback
set-up (right hand side of Fig. 2) where
four speakers are placed to form a square,
the QS decoder reproduces the four
speaker positions by adding or subtracting

(continued on page 24)
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sweep mode; X5 mag;
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tion is time calibrated.
Has 10MHz b'width;
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and adapter Includec
SAVE $60.00 NOW $399.95

LBO-502
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coupling and push-pull
amps provide distor-
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the LT and RT signals and reversing the
calculations performed during the en-
coding process. This will mean that LF’

LT + 0.414RT, LB = LT —0.414RT
RF RT + 0414LT, RB’ = RT
0.414LT. Once these are fixed, any signal
can be reproduced at the position it oc-
cupied in the original sound field.

There is still one important deficiency
with the reproduced signal, however.
While the reproduced signal has the same
level, phase and directional characteristics
as the original sound signal, its direction-
ality is still not distinct enough because it
is obscured by the crosstalk.

The QS decoder handles this problem
by performing more advanced QS vario-
matrix calculations that take advantage of
the level and phase differences between
LT-RT to eliminate the crosstalk alto-
gether, locating a signal with the same
sharp sense of directionality as it was lo-
cated in the original sound field.

QS encoding

QS encoding provides for the reproduc-
tion of 4-channel signals with excellent
channel separation. QS-encoding also
creates signals that are compatible for 2-
channel and monophonic playback. Fur-
thermore, QS-encoding can be expanded
and developed, if necessary, to incorporate
three or four transmission channels in a
4-3-4 or 4-4-4 system.

When played in stereo, QS-encoded 4-
channel records create a broader sense of
perspective than conventional stereo
records, and for this reason AudioLab
in Japan and several other record manu-
facturers are using the QS encoder even
in the production of their stereo records.

The reason for this expanded stereo
perspective is because, as explained
earlier, signals generated in the front half
of the original sound field are distributed
to LT and RT in phase, or in intermediate
phase relationships approaching in-phase.
This is the same as traditional stereo re-
cording, and such signals are reproduced
as sound images between the L and R
speakers. At the same time, signals gen-
erated in the rear half of the original
sound field are distributed to the L. and R
speakers in reverse phase or in inter-
mediate phase relationships approaching
reverse phase, so that they will be repro-
duced outside of the left and right speakers
(i.e., 1o the left of the left speaker and
to the right of the right speaker). The
total effect of this is that there is now a
broader sense of stereo perspective offer-
ing a particularly good balance of distinc-
tively located sound images and ambience
(see Fig. 3). Fig. 4. shows a diagram
similar to Fig. 3, but for SQ decoding
(CBS). Fig. § shows decoded CD-4 signal.

A signal that was panned in a clockwise
circle from the rear center position in the
original sound field will also be panned
in stereo playback, starting on the outside
(to the left) of the L speaker, passing
through the front center and moving on to
the outside (to the right) of the R speaker.
This demonstrates the fact that a QS-en-
coded signal accurately corresponds to the

(continued on page 30)
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Your NEW Heathkit

Now over 400 do-it-yourself electronic kits for home,
hobby, and industry. All designed to give you more
for your money...more value, more performance,
more satisfaction. All designed so even beginners
can build them. Send for your free catalog today.

Professnonal 1;’
Ignition Scope —

J\lew
Kit or Wired

Does more than others for $1000 less.
Spots tough ignition problems on all types
of systems in 3, 4, 6, 8 cyl. or 2-rotor Wan-
kel engines; sets itself automatically for no.
of cylinders. Big 12" screen has 2 cali-
brated primary and secondary voltage
grids plus dwell angle indications. Special
circuit maintains trace length regardless
of RPM. Displays “‘superimposed’’ patterns,
single cyl. pattern, primary or secondary

‘‘parade’’ patterns. '‘Power balance” fea-
ture even helps spot bad valves or rings.
8” meter with tach & DCV ranges. Optional
low cost timing light, alternator adaptor &
cart. Kit CO-2500 $379.95; Assembled WO-
2500 $695.

€W Automobile
Intrusion Alarm Kit

Total Protection. Alarm mounts anywhere;
connects to switches on doors, hood, &
trunk. Underdash switch arms or disables
unit. Adjustable delay time allows you to
quickly enter or leave car without trigger-
ing alarm, but opening trunk or hood trig-
gers alarm instantly. Alarm sounds car
horn in repeated 2-minute cycles. Kit GD-
1157 Alarm $24.95; Kit GDA-1157-1 Siren
(gives yelping sound louder than car horn)
$19.95.

Catalog
is ready

waiting to serve you with
more values, more new

kits, than ever before

€W Programmable
Digital Stop Watch Kit

Another “first” from Heath. 2 IC counters,
8 digits & 7 functions with typical accuracy
to =0.003% and resolution to 1/100th of a2
second. Function 1 (Start/Stop Elapsed)
times individual events while also counting
total. Function 2 (Sequential) times eack
part of event & displays each separately
while timing overall event. Function 3 (Total
Activity) accumulates total elapsed time
of a series, excluding time between events.
Function 4 (Split) displays cumulative time
to each “split” point while continuing over-
all event time. Function 5 (Start/Stop Ac-
tivity) shows separate time for each event
& totals all individual times. Function 6
(Programmed Upcount) counts up to
“learned” time. Function 7 (Programmed
Downcount) counts down from “learned”
time. Stop watch can “learn” time from
other functions or be programmed up to
9 hours, 59 minutes, 59 seconds. Has jacks
for external triggering devices and alarms.
Includes nickel-cadmium batteries &
charger. Kit GB-1201, $99.95.

J‘lew Digital Wind Speed

& Direction Indicator Kit

Unique. Two big, bright digits show wind
speed to 99 mph. As you build, choose 2
readout modes: miles, knots, or kilometers
per hour; front panel light shows mode in
use. 8 incandescent lights show wind direc-
tion at principal compass points; adjacent
lighted bulbs give 16 point resolution. Re-
mote transmitter boom clamps to TV mast.
Styled in black plastic to match Heathkit
GC-1005 Digital Clock and ID-1390A Digi-
tal Thermometer. Kit ID-1590, $69.95 less
cable.

€W —Two-Way
Telephone Amplifier Kits

Now, hands-free telephone use with ampli-
fied “‘talk” and amplified “listen’’ — with or
without dialer. Talk & listen from 10’ away.
Voice-actuated circuitry switches from talk
to listen without feedback or clipped words.
Listen button lets you monitor line without
built-in microphone activated. Dialermodel
may be used with or without regular tele-
phone. Includes 4-prong jack & phone
coupler connector. Battery powered. Kit
GD-1112 (no dial) $49.95; Kit GD-1162 (w.
dial) $69.95.

€W Public
Address
Sound System
Kits

Qutperforms those
costing twice as much.
TA-1620Control/ Amp.
takes 6 low imped-
ance mikes, each with
level, bass & treble
controls & reverb sw.
Has VU meter, 4
switched response
“*shaper” circuits, ex-
clusive bass filter, 100
rms watts drives 2
speaker columns. TA-
1625 Booster Amp. 100
rms watts to drive 2
extra speaker col-
umns. TS-1630 Speak-
er Column. Six 8” full-
range drivers re-
sponse tailored for
voice; 60 watt rms rat-
ing; 12 ohm imped-
ance. Kit TA-1620
$449.95; Kit TA-1625
$179.95; Kit TS-1630
$199.95.




€W DcC-5 MHz
Triggered Scope —
Kit or Wired

Best scope value today. Wide bandwidth,
20 mV sensitivity, & stable triggering —
ideal for TV, audio and RF servicing. Easy-
to-use controls. Trigger circuit (not recur-
rent type) has normal & automatic modes,
switched AC & DC coupling, & front panel
external inputs (special TV position allows
low fregs. to pass while rejecting high
freqs. for easy triggering on complex TV
signal. 7 calibrated time bases from 200
ms to 0.2 us/cm. 20 mV/cm vertical sensi-
tivity with 9 calibrated attenuator positions
up to 10 v/cm, plus variable control. 5§”
round flat-face CRT (8 x 10 cm graticle).
Lightweight, durable blue plastic cabinet
with white panel. Kit 10-4540 $179.95;
Assembled SO-4540 $275.

€W —Lowest cost
Triggered 5 MHz Scope Kit

The scope everyone can afford, and it has
the performance you need. DC-5MHz band
width, 100 mV vertical sensitivity with X1,
X10 & X100 attenuation, AC or DC. Auto-
matic, positive locking horizontal sweep
continuously adjustable from 20 ms to 200
ns/cm. Stable displays due to zener regu-
lated amplifiers and sweep. 5” round flat-
face CRT with 8 x 10 cm graticle. Simpli-
fied controls and switches make it easy to
use. Lightweight, durable blue plastic cabi-
net; white panel. It's the best instrument
buy in years. Kit 10-4560 $119.95

New catalogs
and kits
also available at

HEATHKIT ELECTRONIC CENTERS —
Units of Schilumberger Products Corporation
Retail prices slightly higher.

ARIZ.: Phoenix; CALIF., Anaheim, EI 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); MD.: Baltimore, Rockville; MASS.: Boston (Wellesley);
MICH: Detroit. MINN.: Minneapolis (Hopkins); MO.: St. Louis (Bridgeton); NEB.:
Omabha; N.J.: Fair Lawn; N.Y.: Buffalo (Amherst), New York City, Jericho (L.L.),
Rochester, White Plains; OHIO: Cincinnati (Woodlawn), Cleveland, Columbus,
Toledo; PA.: Philadelphia, Pittsburgh; R.l.: Providence (Warwick); TEXAS:
Dallas, Houston; VA.: Norfolk (Va. Beach); WASH.: Seattle; WIS.: Milwaukee.

€W variable
Isolated AC Supply

What every tech & hobbyist needs. The
IP-5220 isolates equipment under test from
the AC power line and provides an AC out-
put which is variable from zero to 140 volts.
Great for locating circuit faults caused by
high or low voltage or testing equipment
with unknown power requirements. Power
rating is 360 volt-amperes, continuous.
Variable output current rating: 3A. max.
Direct output curent rating: 10A. Two
meters: voltmeter 0-150 VAC: ammeter:
0-1 & 0-3A. Ammeter and variable output
socket are fused. Kit IP-5220, $109.95

eW 21 " (diag.)
Digital Design
Color TV Kit

All the advanced technology

of digital circuitry in a small-

er screen size. Electronic
touch-to-ture varactor front
end (nothing mechanical to
wear out) with computer-like
programming board for up

to 16 channels. On-screen
channel numbers, adjustable

in brightness, position, and
duration. On-screen digital
clock; a low-cost option; pro-
grammable in 12 or 24 hour
format, displays 4 or 6 digits.
Fixed-filter IF, a Heath exclusive that
assures better pictures longer, never needs
instrument alignment. 100% solid state —
more ICs than any other — sophisticated
circuitry that results in less interference,
better color tints, improved sensitivity,
greater noise immunity, improved picture
definition. Black negative matrix 21V pic-
ture tube for brighter, sharper pictures.
Total touch-tune remote control —low cost
option that operates all functions, includ-
ing recall of time & channel.

—
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eNeW Oscilloscope
Calibrator Kit

For time calibration, it generates a 0.5
secord to 1 usec square wave in 1-2-5
sequence accurate to 0.01% with 200 mV
peak (< 3% overshoot) and < 4 ns rise
time. Voltage calibration ranges are 1 mV
to 100 v. in decade sequence, accuracy
within 2%, DC plus variable 2 Hz to 10 kHz
in 1-2-5 sequence (internal stnd. accuracy
within 1%). Use it to calibrate scopes up
to 35 MHz and voltmeters; it's also a fast
rise time squarewave generator and good
bench freq. standard. Kit 1G-4505 $44.95

Easier to build & service — thanks to ex-
tensive modular design and built-in servic-
ing tools including digital-design dot
generator, front access slide-out Service
Drawer, new picture centering and pin-
cushioning correction circuits, and Test
Meter. Enjoy the best in TV design — now
in smaller size at lower cost. Kit GR-2D50
$599.95. Kit GRA-2000-6, remote control,
$89.95. Kit GRA-2000-1, digital clock ac-
cessory, $29.95. Contemporary or Mediter-
ranean cabinets from $119.95.

Use coupon below to order your favorite new kit
or to get your FREE new Heathkit Catalog.

- r—
m Heath Company
Dept. 20-10
Sl Benton Harbor, M1 49022
[3 Please send my free 1975 Heathkit Catalog.
[ Enclosed is $. plus shipping.
Please send model(s)
NaME
XCOWESS
-1 0 o0 _ L} () | SO L il
PRICES ARE FACTORY MAIL ORDER, FC D
PRICES A SPECIFICATIONS SUBJECT 10 CHANGE WITHOUT NOTICE. CL‘571A
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A PRECISION
WAVEFORM
GENERATOR
AT A
PRICE YOU
CAN AFFORD.

The Hickok Model
270 Function Generator
gives you a lot more waveform
generating capability than you'd
expect for its price.

m Puts stable, calibrated, high
quality sine, square and
triangle waveforms from 1 Hz
to 500 kHz at your fingertips.

m With external connections
you can produce logic
pulses, sweeps and ramps,
AM and FM outputs, phase
and frequency shift keying
signals, tone bursts and more.

m |ts an audio generator and
much more.

Before you buy another function
generator, check out the Hickok
Model 270. Ask your Hickok
distributor for full details or
write us for our 4-page
technical brochure.

$166°0
HICKOK

the value innovator

INSTRUMENTATION & CONTROLS DIVISION
THE HICKOK ELECTRICAL INSTRUMENT CO.
10514 Dupont Avenue « Cleveland, Ohio 44108
(216) 541-8060 « TWX: 810-421-8286
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original sound field. A signal generated
on the left side of the original sound field
will be reproduced on the left side of the
reproduced sound field in stereo play-
back, and vice versa. A signal generated
somewhere in the rear and on the left
EXPANDED
STEREO
— STEREO

EXPANDED
STEREO

STEREQ

FIG. 3—POSITIONING of sounds when play-
ing a QS record on a stereo system.

STEREO
LEFT

BACK IMAGE
BUILD-UP

FIG. 4—POSITIONING of sounds when play-
ing a SQ record on a stereo system.

STEREO STEREO
LEFT CENTER IMAGE RIGHT
BUILD-UP

CF
-
cC
3
CcB

FIG. 5—POSITIONING of sounds when play-
ing a CD-4 record on a stereo system.

will be reproduced farther to the left
from the center, and a signal generated
somewhere in the rear and on the right
will be reproduced farther to the right
from the center in stereo playback.
Complete left-right symmetry is thus
guaranteed.

QS and mono playback

When reproduced monophonically, the
present stereo signals give a sound pres-
sure response pattern as shown in Fig. 6,
rising in level between the L and R speak-

ers. There are different opinions as to
how 4-channel signals should be repro-
duced in monophonic playback, but the
QS-encoded 4-channel signals offer a
monophonic sound pressure response pat-

MONO

—
AMPLITUDE

]3d8

-

STEREO R

FIG. 6-SOUND PRESSURE RESPONSE for
monophonic reproduction of stereo signals.

tern resembling the characteristic of a
cardioid microphone. The reproduced
level rises as a signal moves closer to the
front center position in the original sound
field; a signal generated in the rear half of
the original sound field is reproduced with
a lower level than a front signal, falling
in level as it moves closer to the rear
center position in the original sound field
(see Fig. 7). Consequently, QS-encoded

4-channel records containing on-stage
CR
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FIG. 7-SOUND PRESSURE RESPONSE of
a QS-encoded signal in monophonic repro-
duction.

music in the front and ambience content
in the rear would offer particularly well-
balanced monophonic reproduction.

If, for certain applications, it is neces-
sary to emphasize front and rear signals
equally in monophonic playback, rear
signals may be encoded with a certain
amount of phase shift between LT-RT so
that the desired monophonic sound pres-
sure response pattern is obtained.

We have demonstrated how the QS
system can transmit and reproduce all of
the musical information produced in a
live sound field via only two signal trans-
mission channels. However, should it hap-
pen that more than two channels of signal
transmission can be made available with-
out any serious difficulty or inconvenience,
the QS encoding theory can be extended
as it is, and applied to a number of
transmission channels.

For instance, if four transmission chan-
nels were available, the original sound
field information could be transmitted in
QS. Figure 8 presents the sound pressure
response pattern of a sound source signal
as it is reproduced in 4-channel via only
two (LT, RT) transmissions channels,
three (LT, RT, t2) transmission channels,
and four (LT, RT, t2, t3) transmission
channels.

Even if an unlimited number of trans-
mission channels are available, the more

(continued on page 72)



Another advance
intube
technology

fromRCA

RCA, the leading
manufacturer of receiving
tubes, offers you advanced
types to satisfy the needs
of the replacement market.
We can do this because
RCA has unique design
capability that comes
only with years of tube
design and manufacturing
experience. This means
that when you install RCA-
made tubes, you're selling
quality tubes with the
newest and best inno-
vations in design and
performance.

A dynamic approach to
receiving tube technology,
geared to the rigorous de-
mands of the replacement
market, RCA's exclusive,
new 6MJ6/6LQ6/6JE6C
brings added reliability to
horizontal deflection cir-

cuits, the most critical in
your customer’s set. Manu-
factured exclusively by
RCA, this new rugged hori-
zontal output tube with the
integral envelope-top-cap
assembly,which totallyelim-
inates loose top-cap prob-
lems, represents another
significant advance in tube
technology from RCA.

You can be certain that
RCA will continue to lead
the way inthe receiving tube
business. After all, your
tube business is our tube
business and we expect to
share this high volume
business with you for along
time to come.

See your RCA distribu-
tor for all of your tube needs.

Rugged Features of the
6MJ6/6LQ6/6JE6C

®Integral-Envelope-Top-
Cap Assembly

® Rigid Cage
@ Stable grid alignment
mExcellent Heat Dissipation

RCA/Electronic Components/Harrison, N.J. G7029

Circle 17 on reader service card

§/61 Y390100

W
-



Satisfy frequency
measurement requirements
In Citizens Band Radios

RADIO-ELECTRONICS

(2]
N

B CERE viopEL 1801 $230

With autoranging 20Hz to 40MHz guaranteed
and typical upper limit of 60MHz you can pre-
cisely measure the frequency of Citizens'
Band transmitters and many other low band
radio services. Model 1801's typical accu-
racy of better than 10PPM is always available
for every measurement because there are
three decimal point positions automatically
selected by the frequency of the signal you
are measuring. And you can suppress the
first digit for still more resolution above
1MHz by moving the mode switch from Auto
to 1 second. This six-digit counter gives you
1Hz resolution!

Discrete, reliable TTL circuitry automatically
updates the large, bright readout up to five
times per second—which means the 1801
works faster than you can. There's almost no
way to make a reading error because Hz or
MHz and Overrange are shown by discrete,
separate LED's.

If you want to make receiver tests and don't
have a signal generator with the required
precision, you can measure the output of
your generator® with the 1801 and adjust it
to the accuracy you need!

*30mV or more

If you aren’t making measurements as accu-
rately and easily as these, you need a B&K-
Precision Model 1801 which is in stock at
your electronic distributor. Write for detailed
specifications.

KHz display of same CB channel showing supres-
sion of leading digits.

o1 PRECISION

PRODUCTS OF DYNASCAN
1801 W. Belle Plaine Avenue
Chicago. IL 60613

Circle 18 on reader service card




Build with one IC. This device converts 2-channel
stereo program material into matrix 4-channel.

by ARNOLD NICHOLS

MANY MUSIC LOVERS HAVE EXPANDED
their sterco high-fidelity systems to
4-channel sound. But now they find
that they are limited to the relatively
small number of new 4-channel records
and tapes that they have been able to
afford to purchase. In addition, they
have been unable to adequately use
their existing music library.

In this article you’ll discover an easy-
to-build one-1C matrix synthesizer that
performs the magic of converting your
existing 2-channel stereo recordings in-
to matrix 4-channel sound.

Faced with a large 2-channel music
library, I designed a solution around a
CBS Laboratories circuit, that I've de-
signed into a handy little adapter. By
using the synthesizer along with any
existing 4-channel matrix system you
will be able to play any 2-channel ma-
terial you now own, or any 2-channel
stereo FM broadcast through the
adapter and on into your system to get
a realistic 4-channel effect.

No, it’s not magic. The device is
based on stereo enhancement and really
works. But to give you a better idea
of what I am talking about, let’s take
a brief look at the difference between
4-channel and 2-channel systems.

How it works

Presence, in a live sound situation
(when sitting in a concert hall, or at-
tending a live ~ock group), is created
by the effects of having an infinite

number of direct and indirect sound
waves that combine in such manner as
to create a feeling of liveness. The hu-
man ear, yours and mine, translates
this sound field by sensing the relative
time delays of these sound waves as
they arrive from a variety of directions.

If we placed a single microphone in
the concert hall and made a single-
channel recording, we would simply be
combining all of the individual sound
waves with their various time delays,
into one single sum signal. This sum
signal, when played back, obviously
cannot reproduce the total effect of the
original sound field.

Now let’s put two microphones into
that hypothetical concert hall and see
what happens. When we record now,
for stereo playback of course, we end
up with two sum signals; each one
somewhat different from the other.
When we play back these two signals
through a sterco system (2 channel),
these two sum signals (one left and
one right), recrcate appreciably more
information than the monophonic sig-
nal we described earlier. While the
realism is greatly improved over that
of the monophonic system, the stereo
playback is still lacking in presence.

To get 4-channel sound from that
two-channel recording we must find a
way to create the sense of sound source
position or sound source location that
is so peculiar to 4-channel sound. For-
tunately a method for doing this does
exist. CBS Laboratories has developed
a circuit that solves this problem by

- Synthesizer...

e
AP

analyzing and then synthesizing or-
dinary 2-channel stereo signals to ob-
tain the separate and indirect sound
signals that are characteristic of the
output from a 4-channel matrix system.

By using this special decoding sys-
tem, it is possible to create a 4-channel
synthesizer that redistributes the con-
ventional 2-channel stereo signals into
a complete sound field made up of four
distinct sound sources—front right,
front left, rear right, and rear left.

By feeding the output of this simple
synthesizer into a matrix decoder
(simple, thanks to the use of an inte-
grated circuit) it becomes possible to
create the sense of sound position. If
you don’t use a matrix decoder you’ll
get 2-channel SQ encoded matrix
output.

Any musical instruments or voices
that were positioned at the left of the
stage when the original 2-channel re-
cording was made, will be heard near
the left rear corner. Any sound sources
located to right of these will play back
in the left front corner. Sound sources
originating at the right end play back
from the right rear and those a little
to the left from the right front.

Fortunately, most 2-channel stereo
recordings do contain echo compo-
nents. And when these sound elements
are recovered by the synthesizer the
listening area appears to be filled with
a natural “live performance” sound.

Using this circuit, built around an
MC1312P matrix decoder, successfully
creates the impression of sound source

’
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positions. However, the total amount
of information that is presented to the
listener is less than that actually present
in a live sound situation.

The indirect sound components sep-
arated by the MCI312P are phase-
modulated either 180° or 270°. This is
done automatically by a 4-pole phase-
shift network system developed by
CBS Laboratories, before these signals
are sent on to the rear channels.

When these phase-shifted signals are
combined with the direct sound compo-
nents that are reproduced by the front
channels, a richer, livelier, more real-
istic sound is produced.

The added phase modulation takes

FIG. 2 (right)—
FOIL PATTERN of
convertor shown
full-size.

FIG. 3 (below)—
COMPONENT
PLACEMENT ot
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{4) Output connections are not on PC board. They are connected to
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{5} Use Jumpers if It goes to SQ decoder. Do not use Q2, 03 with
SQ decoder.

FIG. 1—-SCHEMATIC DIAGRAM of the 2-channel stereo to 4-channel matrix convertor.
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FIG. 6—COMPONENT PLACEMENT of power
supply printed circuit board.

with each other, they no longer form
a clear sound image. However, the two
out-of-phase signals do not totally
cancel each other.

When we phase-modulate the signals
of either the front or the rear speaker
systems under the synthesized 4-chan-
nel conditions, what we produce is the
same cffect we would have gotten if
we had placed a number of speaker
systems side-by-side around all four

shown full-size.

walls of the room—a wall of sound with
changing characteristics because of the
constantly changing phase relation-
ships. Thus by using a 2-channel sound
source and the 4-channel matrix syn-
thesizer we create an effect that rivals
that of true 4-channel reproduction.

The synthesizer provides three out-
puts: 1. Standard stereo, 2. 180°
matrix, 3. 270° matrix.

If you connect your synthesizer to
an SQ decoder or some other matrix
decoders you may find that the result
is a very strange sounding output. If
this occurs, disconnect Q2 and Q3 and
add jumpers from the junction of R6
& Cl14 to Sl-b. Add another jumper
from the junction of R15 and the base

POWER SUPPLY circuit board shows loca-
tion of components.

PARTS LIST (SYNTHESIZER)

All resistors Y -watt, 5%, carbon film

(Do not substitute)

R1, R7, R8—3600 ohms

R3, R4, R5, R6—4300 ohms

R9—100,000 ohms

R10-33,000 ohms

R11, R15, R16, R17, R18, R19, R20—-5100
ohms

R12—4700 ohms

R13, R14—1 megohm

All capacitors 5% film dielectric, unless
noted. (Do not substitute)

C1, C7, C10—.039 uF

C2-0.22 xF

C3, C8—0068 xF

C4—.069 uF

C5, C6—.047 uF, 10%

C9—-0.22 uF

C11,C12, C13—2.2 »F, tantalum, + 20%

C14, C15—Use 1 uF for 20K load, 0.2 uF
for 100K load (Not supplied in kit)

IC1—MC1312P

Q1, Q2, Q3—MPS A18 (NPN low-noise
device. Do not substitute)

S1—4-pole 3-position rotary. (No knob
supplied)

Circuit Board

Molex Connectors for IC1 socket:

Shietded cable for input (Supplied in kit
with RCA type plugs.)

PARTS LIST (POWER SUPPLY)
R1—180,000 ohms, Ya W, 5%
R2—15,000 ohms, Y& W, 5%
R3—3,300 ohms, ¥2 W, 10%

R4—100 ohms, V2 W, 10%

C1—500 or 1,000 «F, 25V, electrolytic
C3—470 pF, ceramic

C4-—20 uF, 25V, electrolytic

D1, D2, D3, D4—IN4001
IC1—NES50A voltage regulator (Signet-
ics)

Circuit Board

Molex connectors for IC socket

Line cord (Not supplied in Kit)

SPST switch (Not supplied in kit)

Following items are available from Pho-
tolume Inc., 128 East 28th Street, New
York, N.Y.
Synthesizer and Power Supply Kit No.
MAT-5 $19.95
Synthesizer Kit No. MAT-4 $15.95
Power Supply Kit No. PS-20A $ 6.95
Set of 2 circuit boards for power
supply and synthesizer No.
MATB

of Q2 to Sl-c.

Building your system is easy. The
complete schematic is in Fig. 1. A full
size circuit board pattern for the unit
is shown in Fig. 2 and the parts place-
ment is in Fig. 3. Assembly is fast and
straight forward as iong as you take
reasonable precautions when soldering
the IC and low-noise transistors into
place A separate power supply is also
needed. You may be able to take off
the necessary voltage from your exist-
ing equipment. You'll need a well fil-
tered and regulated 20 volts at 20 mA.

If this voltage is not available, build
the power supply shown in Fig. 4. Its
printed circuit board layout is in Fig. §
and parts placement on this circuit

(continued on page 79)
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ests Pioneer CT-F9191
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by LEN FELDMAN
CONTRIBUTING HI-F1 EDITOR

THE PIONEER CT-F9191 1S THE FOURTH
“front-loading” cassette introduced by
that company and in terms of features
and performance it is the finest of that
quartet of products. Just one look at this
attractive unit will convince the skeptics
that the cassette deck has indeed “come
of age” and deserves to join the ranks of
other fine component high-fidelity prod-
ucts. Like all of the recently introduced
front loaders, access to all controls and
to the cassette compartment is gained
through the front panel and the unit looks
like any other component such as an am-
plifier or tuner that can be tucked neatly
on a shelf or stacked above or below com-
panion components. A full view of the
front panel is shown in Fig. 1.

A curved plastic cover swings out of
the way at the press of a button, opening
the cassette compartment that accepts
cassettes in a vertical position. The cas-
sette is inserted in an easy up-and-into-
place motion and the cover door flips-
down manually. Next to the power ON-OFF
toggle switch at the lower left corner are
the usual transport controls which are
extremely easy to depress (they are of
the piano-key type, but more important,
they operate electronically, controlling
semiconductor logic and solenoid circuits)
and any mode can be selected without go-
ing through the stop position. The com-
bined use of the separate PAUSE switch
and the RECORD and PLAY switch permits
the user to set up record levels before tape
travel begins. When power is applied, the
inside of the casette compartment is il-
luminated, which makes it easy to see if
the tape is travelling.

A close-up view of the major front panel
controls is shown in Fig. 2. Dual concen-
tric rotary knobs control the mMic of piN
input record levels, line input record
levels and playback output levels. This
arrangement permits mixing of micro-
phone and line inputs, or DIN and line

inputs in each of the two channels. Above
these controls are a three-digit counter
with its usual rest button. Zero setting of
the counter can be used in conjunction
with the memory pushbutton. Like most
memory-rewind features found on com-
petitive units, the transport will rewind a
given tape to the pre-set point determined
by the counter’s reach 999. But unlike
most, if the PLAY transport button is de-
pressed during the rewind cycle, the tape
will reach the predetermined point and
begin playing over again, if desired. A
light above this button tells the user when
the button is depressed.

A record limiter circuit is activated by
the next button and is particularly use-
ful when recording from live sources or
when unpredictably loud transients are
likely to be encountered. Next come the

cabinet.

SUMMARY OF MANUFACTURER’S PUBLISHED SPECIFICATIONS:

Frequency Response: (Low-noise, High-output tape) 35 to 13,000 Hz, =3 dB; (Chromium
dioxide tape) 30 to 14,000 Hz =3 dB. Wow-and-Flutter: Less than 0.07% WRMS. Harmonic
Distortion: Less than 1.7% (at O dB). Signal-to-Noise Ratio: (Dolby off) 52 dB; (Dolby on)
62 dB (Low-noise tapes). Input Sensitivity: (Mic.) 0.22 mV, 30K ohms; (Line) 65 mV or
more, 100K ohms; (DIN Rec/PB) Max Input: 100 mV; Output same as line. Output Level
(ref: 0 dB): (Line): 315 mV; (Headphone): 40 mV into 8 ohms. Power Requirements: 120 V,
50-60 Hz, 53-watts maximum. Dimensions: 177" wide X 7%"” high X 123%" deep, including
walnut grained vinyl cabinet. Weight: 29 Ibs. Suggested retail price: $450.00 including

bias and equalization push-button switches
with settings for standard (or low noise)
and Chrome tapes. This deck is equipped
with automatic sensing for the newer
Chrome tapes and switching to correct
equalization and bias takes place auto-
matically when such tapes are used, com-
pletely bypassing the manual bias and EQ
buttons. In any case, when Chrome set-
tings are selected, a light above these but-
tons indicates that fact. Additional push
buttons activate an MPX filter circuit and
the Dolby noise reduction circuitry. A
light above the Dolby button indicates
when it is in use. At the extreme right of
the panel are a pair of microphone inputs
(one for each channel) and the headphone
output jack.

Two well illuminated large recording-
level and playback-level meters are cali-
brated all the way from —40 dB to +5
dB, a feature that can only be appre-
ciated fully after you use the deck for
serious musical recording work. This
wide range calibration permits the re-
cordist to monitor just about the entire
dynamic range of anything being re-
corded. Between the two level meters are
a record LED indicator light and a peak-
level indicator that flashes whenever in-
stantaneous recording level exceeds +5
dB, preventing over-recording and high
distortion levels for signals that are too
fast to be registered on the regular VU
meters.

The section of the rear panel shown in
Fig. 3 contains the familiar combination
DIN record/play multiple connector as
well as dual pairs of line-input and line-
output jacks. This doubling up of input
and output pairs (which are simply wired
in parallel) is an inexpensive addition,
but a mighty handy one if you want to
dub to a second deck, or feed two sepa-
rate playback systems at once. Typical
interconnection of the CT-F919] in a
high-fidelity component system is shown
in Fig. 4.

Circuit configuration and layout

A view of the internal layout of the
Pioneer CT-F9191 is shown in Fig. §.
Note that most of the electronic circuitry
is below deck, where it is well shielded.
Major modules include separate circuit
boards for the record/play amplifier, the
Dolby noise reduction circuitry, the elec-
tronic control circuitry and the switch as-
sembly. Additional separate assemblies
include the power supply (which is regu-
lated by means of a transistor-Zener diode
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arrangement) and a transistor assembly
that operates the record solenoid. An elec-
tronically controlled DC motor is used to
drive the tape capstan, while a separate
DC torque motor is used for the fast for-
ward and rewind drives. The record/play
head is a solid ferrite type, while the erase
head is of ferrite construction. A three-
stage direct coupled input amplifier-equal-
izer is used in each channel. A logarithmic
amplifier circuit is used to drive the wide
range meters. Total semiconductor com-
plement in the CT-F9191 consists of 71
transistors, 6 FET’s (two of which are
used in the Dolby circuit), 75 diodes, 5§
Zener diodes and 2 LED’s. A complete cir-
cuit diagram of the unit, including all con-

trol electronics, is supplied as a large
separate fold-out sheet with the owner’s
manual.

Laboratory measurements

Measurements of the performance of
any tape deck are inevitably influenced by
the brand of tape chosen for use in the
tests. In our case, we selected TDK type
ED-C-60 High-Output, Low-Noise cas-
settes for all measurements involving the
standard settings of the bias and EQ
switches and TDK type KR-C-60
(Chrome) cassettes for measurements in-
volving performance with CRO, tape.
Both of these tapes are listed in the com-
prehensive table of recommended tapes
and switch settings that is provided in the
owner’s manual,

Results of our measurements are shown
in Table 1. Frequency response, using our
“standard” tape, is plotted in Fig. 6 on a
record/playback basis. While two plots

are shown (for 0 dB level and for —20
dB reference recording level), the —20
dB reference curve is the more meaning-
ful one in terms of musical performance.
Any properly equalized tape deck (of the

cassette variety) will cause saturation of
magnetic tape if high frequencies are re-
corded at 0 VU level—a condition that
seldom occurs when recording actual
music (and not test tones). We present
both curves only because the manner in
which the machine causes saturation (and
the frequencies at which this roll-off be-
gins) may be of some interest to readers
when comparing the performance of this
machine with others to be reviewed in the
future. In terms of the more conven-
tional —20 dB reference level, the re-
sponse of the unit extends from 30 Hz
to 12,000 Hz, = 3 dB with this tape sam-
ple. While this may not seem overly im-
pressive to hi-fi addicts, we suggest you
read our summary comments regarding
this point at the conclusion of this repért,
following Table II.

Frequency response was considerably
wider using the CRO, sample tape, as
shown in Fig. 7. In this instance, response
was flat from 28 Hz to 15,000 Hz, = 3
dB—better than claimed by the manufac-
turer. Remember, some variation in re-
sponse is to be expected depending upon
tape brand and type used, and those seek-
ing that last kHz may want to experiment
with some of the other tape brands listed
by Pioneer as being suitable.

Manufacturer U.S. Pioneer Electronics

FREQUENCY RESPONSE

MEASUREMENTS

Frequency response, standard tape
(Hz—kHz *dB)

Frequency response, CRO; tape
(Hz—kHz *dB)

DISTORTION MEASUREMENTS

(RECORD/PLAY)

Harmonic distortion @ —10-VU
(1 kHZ) (%)

Harmon:c distortion @ —3-VU (1 kHz) (%)

Harmon ¢ distortion @ 0-VU (1 kHz) (%)

Harmonic distortion @ +3-VU (1 kHz) (%)

SIGNAL-TO-NOISE RATIO

MEASUREMENTS

Standard tape, Dolby off (dB)

Standard tape, Dolby on (dB)

CRO: tape, Dolby off (dB)

CRO: tape, Dolby on (dB)

MECHANICAL PERFORMANCE

MEASUREMENTS

Wow-and-flutter (%, WRMS)

Fast wind and rewind time, C-60 (seconds)

COMPONENT MATCHING

CHARACTERISTICS

Microphone input sensitivity (mV)

Line input sensitivity (mV)

Line output level (mV)

Phone output level (mV)

Bias frequency (kHz)

TRANSPORT MECHANISM

EVALUATION

Action of transport controls

Absence of mechanical noise

Tape head accessibility

Construction and internal layout

Evaluation of extra features, if any

CONTROL EVALUATION

Level! indicator(s)

Level control action

Adequacy of controls

Evaluation of extra controls

OVERALL TAPE DECK PERFORMANCE

RATING

TABLE |
RADIO-ELECTRONICS PRODUCT TEST REPORT

CASSETTE TAPE DECK MEASUREMENTS

Model CT-F9191

R-E Measurements R-E Evaluation

30—-12 =3 Good
28-15 %3 Very good
Low-Noise CRO:
1.0 1.0 Excellent
1.4 1.2 Very good
1.4 1.6 Excellent
1.7 2.4 Excellent/Very good
Weighted Unweighted
56 50 Excelient
66 57 (See text)
58 51 Very good
68 60 (See text)
WRMS RMS
0.05 0.08 Excelient
59 Good

0.24

60

300

40

N/A
Excellent
Very good
Excellent
Very good
Excellent

Superb

Very good
Excellent
Excellent
Excellent
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Distortion was extremely low with both
types of tape, and the CT-F9191 is judged
by us to have considerable head room—
an important quality for serious record-
ists. It should be noted, too, that the peak
indicator LED flashed on for us at +5.5
dB. At this level, using low-noise tape, we
were just approaching the 3% THD point
considered to be the top end of recorder
capability by the professionals. Using the
Chrome sample, the 3% distortion point
was reached at 4+4 dB on the VU meters.
Chrome tape generally tends to saturate
at a bit lower VU meter readings on most
recorders, but it should be recalled that
the actual recording level (because of
changes in bias) is really greater than that
obtained with standard tapes. This ac-
counts, in part, for the better S/N ratios
obtained with CRO, tape.

The signal-to-noise ratios tabulated in
Table I are in all cases referenced to the
3% distortion point. While it is generally
stated that “Dolby adds 10-dB to S/N
ratios,” you will note that this improve-
ment holds true for our weighted measure-
ments of noise (we use a type-A weight-
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RADIO-ELECTRONICS PRODUCT TEST REPORT

Manufacturer U.S. Pioneer Electronics

Model CT-F9191

OVERALL PRODUCT ANALYSIS

Retail price (suggested)
Price category
Price/performance ratio
Styling and appearance
Sound quality
Mechanical performance

Comments:

$450.00
Medium-high
Excellent
Excellent
Very good
Excellent

Pioneer has been stressing the fact that well-de-
signed cassette decks can do just about everything
that more expensive open-reel machines can do—
and can do it more conveniently at that. With the
exception of the lack of tape monitoring facilities
(which requires a three-head machine), the CT-
F9191 comes as close to fulfilling that claim as any
machine in its price category. Certainly, the “non-
professional’’ recordist may question its somewhat
limited frequency response, having been condi-
tioned to believe that any component that does not
have a ruler-flat response from 20 Hz to 20 kHz is
deficient. Ask any professional recordist about this,
and he will tell you that he'd rather have excellent
S/N and low distortion than super-high frequency
respcnse. Those qualities are supplied in abun-
dance in the Pioneer CT-F9191. Add to that its extra
features such as the peak limiter, the wide range
VU meters (the only other machine we know of that
can register a range of 45-dB costs $1200.00 or
more), its front-load configuration and its many auto-
matic features and the unit will be very hard to beat.

ing network), but is not quite true for
the unweighted figures. That is because
Dolby operates to reduce noise at high
frequencies only (hiss). The fact that
Dolby improves S/N by some 7 dB even
in the unweighted measurement of noise
using standard tape suggests that the low-

frequency noise content, using the CT-
F9191 (hum and other low frequency dis-
turbance) is very low indeed. In fact, all
the noise measurements tabulated repre-
sent excellent performance by a cassette
deck.

Wow-and-flutter measured a constant
0.05% WRMS, considerably better than
the .07% claimed by the manufacturer,
and again, one of the lowest figures we
have read for any cassette deck. Other sub-
jective evaluations of machine perfor-
mance and features will be found in
Table 1.

Utilization and listening tests

We tried a variety of input signal
sources with the CT-F9191 and even did
a bit of microphone and line mixing in
the course of our lab testing. (We find
it handy to “announce” frequencies when
recording our tests for frequency response
measurements, since on playback we
don’t have to remember precisely what
test frequencies we used.) A simple little
feature we neglected to mention earlier
is the addition of a plastic reference-ring

at the rear of each set of level-control
knobs. These rings act as markers after
you have established a preferred level for
a particular microphone or line input
source. An inexpensive but useful addi-
tion that is typical of this fine cassette
deck. Nothing has been overlooked, and
no unneeded frills have been added.

Our use tests included the recording of
music from disc as well as from FM.
While there is no published indication of
bias frequency, it is evidently high enough
so that we did not find it necessary to
employ the MPX-filter when recording
stereo FM programs. This, of course, may
not be so when using poorer quality tuners
which have fair amounts of sub-carrier
output products.

Our capsule summary, along with over-
all comments regarding performance of
the CT-F9191 will be found in Tabie II.
Several of the performance measurements
were repeated after using the machine for
a couple of days, and results remained
the same, indicating a high degree of
mechanical and electrical stability for this
new entry from Pioneer. R-E



by LEN FELDMAN
CONTRIBUTING HI-FiI EDITOR

AUDIO PERFECTIONISTS HAVE LONG RECOG-
nized the limitations of the typical bass
and treble controls found on preamplifiers,
amplifiers and integrated receivers. These
controls alter the tonal response of nearly
half of the entire audio spectrum with one
turn of a knob. More often than not, what
is needed in a system is a specific “boost”
or “cut” for a narrow range of frequen-
cies to compensate for speaker system
deficiencies, room acoustic problems or
frequency response limitations in other
associated components or even the pro-
gram source itself. Thus, a new category
of components is becoming increasingly
popular with demanding audiophiles. The
octave-by-octave equalizers (and even
some third-octave-by-third-octave equal-
izers) have been in use for some time in
the sound reinforcement segment of the
audio industry and are used to “equalize”
large halls and auditoriums with respect
to the public address systems installed in
them.

Taking an approach similar to that used
in_much more expensive and complex
professional equalizers, Soundcraftsmen
offers a pair of equalizers for home music
systems. The more expensive of these, the
RP-2212, is shown in Fig. 1. The upper
portion of the front panel is divided into
two equal and symmetrical sections, each
containing ten separate lever controls for
a single channel of a stereo system. Since
each control affects approximately a one
octave frequency-band, the controls are
given octave designations, as follows:
20/40, 40/80, 80/160, 160/320, 320/640,
640/1280, 1280/2560, 2560/5120, 5120.
10240, 10240/20480. With all the levers
set to the center positions (controls are
calibrated in | dB increments from —12
10 4 12), each range of frequencies named
is neither boosted nor attenuated. By mov-
ing a lever up or down, the octave of fre-
quencies affected by that control can be
boosted or attenuated by a maximum of
12 dB.
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At the center of the panel are a pair of
master gain controls that adjust overall
gain of the system so that after final equal-
ized settings are established, the music will
sound as loud as in its unequalized form.
A pair of LED lights associated with each
master gain control helps establish this
equal loudness setting by blinking equally
when the master control is properly set.
The less costly model RP20-12 lacks these
LED’s plus one other feature that we’ll
discuss in a moment.

Along the bottom of the front panel are
a power on/off pushbutton and four more
pushbuttons at the lower right. One of
these simply tests the LED lighis. The sec-

cabinet). Suggested retail price: $349.50.

SUMMARY OF MANUFACTURER’S PUBLISHED SPECIFICATIONS:

Frequency Response: 20-Hz to 20,000-Hz *0.5-dB. Harmonic Distortion: Less than 0.1%
at 2 volts (typically 0.05% at 1 volt In and out). IM Distortion: Less than 0.1% at 2 volts
(typically 0.05% at 1 volt). Signal-to-Noise Ratlo: Better than 90-dB referred to 2-volt
input. Input Impedance: Operates from any signal source 100K ohms or less. Output
Impedance: Operable Into 3K ohms or greater. Control range: =12 dB, each octave.
Dimensions: 20” wide X 7%” high X 113" deep (Including supplied walnut-grained

ond button activates the tape monitor cir-
cuitry (since the equalizer must be con-
nected to the tape-out/tape in jacks of
your present amplifier or receiver, thereby
using up your original tape monitoring
circuit). The final pair of butions deter-
mine whether the equalized response
should be applied to the tape output jacks,
or to the line output jacks. By pressing
the EQUALIZE TAPE button of this pair, it
is possible to pre-equalize programs be-
ing fed to your recorder, a feature not
possible with regular tape monitoring cir-
cuits that are always positioned ahead of
any tone control circuits in amplifiers or
receivers. This equalize-tape feature is also
omitted in the lower cost model RP20-12.
Figure 2 shows a closeup of the con-
necting jacks on the rear panel of the
RP2212, while Fig. 3 illustrates how the
unit would be incorporated in a complete
stereo high-fidelity component system.
The circuitry of the RP2212 is con-
tained on two glass-epoxy circuit boards
(one per stereo channel) and L-C filter
circuits are used for each octave. Toroidal
inductors are used for the lower three
octaves of each channel, while ferrite-
core inductors are used for the remain-
ing seven octaves. Internal layout of the
RP2212 is shown in Fig. 4. Note the fully
shielded and enclosed power supply area
at the rear left of Fig. 4. A metal top
cover was removed for this photograph
and when it is in place, the entire cir-
cuitry of the RP2212 is fully sealed within
its overall metal housing before it is in-
serted in the decorative walnut grain

G/61 H380100

w
w0



cabinet seen in Fig. 1. It should also be
noted, that all resistors used in the octave
filters are specially selected, low-noise
carbon film types.

Laboratory measurements

Nominal input and output of the
RP2212 is 1 volt with all the controls set
for a flat response and we measured fre-
quency response from input to output
under these conditions. The results are
plotted in Fig. 5 (curve 1). Response is
flat within 1 dB from 15 Hz to 30 kHz,
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with the —3dB roll-off point at 40 kHz.
Next, we plotted response of the system
with just a single lever adjusted to maxi-
mum boost. We chose the 640/1280 oc-
tave for this curve, and, as can be seen
from curve-2 of Fig. 5, response peaked
at almost precisely 960 Hz, the mid-point
of that particular octave. Maximum boost

at that frequency was 13.5 dB. Next, we
adjusted the same lever for maximum at-
tenuation and obtained curve-3 of Fig. S.
Other levers responded singly in just
about the same fashion and we observed
a high degree of precision in terms of
frequency accuracy of the designated
octaves.

Before attempting to equalize our sys-
tem for a flat acoustic response, we set
the levers for an arbitrary curve. Setting
the system to any desired curve is greatly
facilitated by a series of paper charts that
Soundcraftsmen calls Computone charts.
When a group of desired settings of con-
trols is determined (and settings may vary
depending upon program sources, listen-
ing position and other factors), the user
simply marks the control settings on the

chart. The chart can then be cut out to
the noted settings and placed on the sur-
face of the front panel. Levers are quickly
slid up to meet the remaining cardboard
template and the desired response curve
is quickly reestablished. The technique is
illustrated in Fig. 6 which shows the set-
tings we used in this first arbitrary re-
sponse curve.

Figure 7 shows the individual lever
settings we used in this experiment (dash
marks), and the resultant response curve
(continous plot) obtained with these set-
tings. As you would expect there is a

Manufacturer: Soundcraftsmen

Retail Price

Price Category
Price/Performance Ratio
Styling and Appearance
Sound Quality
Mechanical Performance

RADIO-ELECTRONICS PRODUCT TEST REPORT

OVERALL PRODUCT ANALYSIS

Model: #RP-2212

$349.95
Medium-high
Very good
Good
Excellent
Excellent
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certain amount of interaction between
adjacent lever controls, but the response
curve corresponds quite well in overall
shape with the octave-by-octave settings
on the front panel.

We measured the total harmonic dis-
tortion for a variety of input levels and
control settings. Results are shown in Fig.
8. With all the control levers at their
center position, and an input and output
voltage adjusted to 1 volt, THD varied

1VIN, 1VOUT, ALL CONTROLS AT 0 d8
=—===3VIN,3VOUT,ALL CONTROLS AT 0d8
----- 1V OUT ALL CONTROLS AT +12d8

1 kHz 10 20 kHz

10Hz 100
FREQUENCY

from 0.01% to 0.02%, well below the
0.1% claimed. Increasing the input level
to 3 volts (far more than is likely to be
available from any program source con-
nected from the tape out jacks of an
amplifier or receiver), THD was still quite
low, ranging from a high of 0.4% (at 20
Hz) to a low of 0.15% (at mid frequen-
cies). Finally, we boosted all controls to
their maximum (412 dB) positions and
adjusted the output for 1 volt. Even
under these extreme conditions. THD
never exceeded 0.5% at any frequency
measured.

Equalizing a system
Trying to equalize a hi-fi system in a
given listening environment would be al-

RADIO-ELECTRONICS
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most impossible without very elaborate

Comments: The Soundcraftsmen RP2212 equalizer can hardly be classified as an acces- test equipment were it not for a very

sory, since it costs as much as some complete receivers and amplifiers. Nor
is it an item that every audio enthusiast will consider a necessity in his or
her hi-fi system. For those who seek the ultimate in tonal compensation, the
unit is highly recommended. We consider its ten-octave control (octave-by-
octave) to be the /east required to accomplish true acoustic equalization. There
are five-control units on the market which do not have the degree of tonal
segmentation required for this type of adjustment, and there are also units
(at much higher cost) which break down the audio spectrum into thirds of an
octave.

An important word of caution! Inordinate amounts of bass boost using
any tone control system may result in flat response for your system, but
unless your amplifier has enough reserve power output capability, such high
levels of boost may well send the amp into overload clipping at frequencies
that are accentuated to that degree. Remember, 10 dB of boost means fen
times the power output that must be delivered by your amplifier at the boosted
frequencies. One of the most useful applications of this equalizer is the pre-
equalization of tape recordings, when trying to dub from old discs (or even
tapes which had tonal deficiencies) to tape. It you are a serious recordist,
don't settle for the lower cost RP20-12, which does as good a job of equalizing
for home listening but lacks this important extra feature.

Even if you think your entire system (and room) provides perfectly flat
response, you'll find the RP-2212 useful with many program sources, includ-
ing FM and records which were "pressed’ at anything but flat response.

cleverly conceived test record that Sound-
craftsmen supplies with each RP2212
(See Fig. 9). The recording contains
third-octave bands of pink noise on the
left channel and a reference tone on the

(continued on page 90)
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Understanding the specifications is the first step.
But there’s moare. Knowing how to conduct listening tests,
speaker placement and room acoustics are just as important.

by ARTHUR KLEIMAN
ASSOCIATE EDITOR

systems. Not every manufacturer re-
sponded. Of those that did, some gave only
a partial reply. Others bent owver back-
wards to provide all of the recuested infor-
SELECTING A SPEAEER SYSTEM IS FAR FROM matior and more.

an easy task. The vast number of speaker Specificat ons have little or no meauns
systems currently available can present the if the conditions that they ere mcastrsi
potential purchaser with so many choiges\‘)lnder are not known. For examplé, lci
that he will reach a point of complete in- say, I connect a voltmeter with a high in-
decision. Let’s face it, just about everybody put impedance across two ternunals in a
and their relatives are manufacturing circuit and raeasure 100 volts. Now some-
speaker systems, and a day hardly goes by one comes along with a low-impedance
that a new model or a major breakthrough voltmeter and measures 73 volts. If he con-
isn’t announced. This coupled with a lack cludes that the circuit is erratic, he is
of an industry-wice standard for specify- wrong. The fault is in the testing pro-
ing speaker characteristics creates a night- cedure. This is why “How Yau Measure”
marish situation, dut not a hopeless one. is just as imoortant as what vou measure.
Armed with the weapon of meaningful Also, if the circuit was used in a frequency-
specifications and the knowledge of the dependent epplication wherz voltage is
important considarations simplifies the irrelevant, tke voltage measuremant would
task. be meeninglzss. But a frequency measure-

The speaker s¥stem is probably the menit would tell us something meaningful
weakest link in the high-fidelity chain. The about the »erformance of thz circuit.
purpose of a hi-fi system is to accurately Therefore, measurement condit:ons must
reproduce original sounds. The ideal sys- be specified.
tem should not al2r the original sound in Radio-Electronics mailed a detailed
any way. The resjonse of the total hi-fi questicnnairz to each manufacturer. It
system is made up of the response of each specified the conditions that cach speaker
individual component. Each component characteristic was to be measured under.
alters the sound in its own way. Each adds Some readers will question, as some manu-
its own “color”. Of all the components in facturers have, the validity of the condi-
the system, the speaker system is the worst tions. But for a comparative-only analysis,
offender. It alters the sound the most. the conditions outlined are valid. For that
Therefore, selecting a speaker system is a matter, aimast any set of conditions would
crucial choice. The idea is to choose the be valid for comparative purposes, so long
best speaker system for a given amount of as all the speaker systems are measured
money. Best meaning the most accurate. It under that same set of conditions. These
also means you must consider factors such conditions only affect the meaning of the
as size and amplifier-speaker matching specifications.
parameters.

The first two parts of this article will
investigate important speaker specifica-
tions and describe how to use them when
selecting a speaker system. These specifi-
cations include frequency response. dis-
persion, linearity, efficiency, power hand-
ling capacity, maximum sound output and
impedance. Manufacturers’® specifications
for a number of speaker systems are pro-
vided. The third and last part of the article
covers listening lests, room acoustics,
speaker placement and speaker set-up.

Physical size

The small speaker system is very pop-
ular today. It is used in the vast majority
of hi-fi systems. For this reason, this article
is limited to those speakers falling into the
“bookshelf™ category. However. a much
more precise definition of a bookshelf sys
tem is necessary.

We decided to call any speaker system
measuring 25 X 15 X 14 in. or smaller a
bookshelf speaker system. with a few ex-
ceptions. These are the direct-reflecting
speaker systems that must be placed at
least 12 inches away from the wall. Such
systems are usually placed on a pedestal
and cannot be considered a bookshelf
speaker system.

Size is important when selecting a
speaker system. Don't try to stufl a large
system into a room that won't accommo-
date it comfortably. The largest size that

Manutacturer’s specifications

In this article, specifications for a num-
ber of speaker systems are presented.
These specifications are manufacturers’
specifications and not those measured by
Radio-Electronics hi-fi 1ab. Radio-Flec-
tronics queried 93 manufacturers (see
Table I) covering 232 different speaker

A,

the room will accommodate should be de

termined first. Whether you plan on a 2-

channel or 4-channel hi-fi system can also

influence this decision. Don't be misled.

‘There is no direct relationship between the
wze of a speaker system and the quality
f sound it produces.

Types of enclosures

Ths operating principle of the speaker
enclosure is unimportant to the ear of the
user. What you are looking for is a system
that reproduces sound well, and not what
kind of system is in the box. However,
there are practical considerations. If your
hi-fi system uses a low-power amplifier
you cannot drive an inefficient acoustic-
coupled speaker system. So while you
should select a speaker system for its re
prodiction qualities, don't lose sight of the
pract.cal problems. The operating prin
ciple is important to the design engineer
but it should not influence your final selec
tion. This decision should be based on the
quality of sound the speaker produces.

All the bookshelf speaker systems we
examined fall into two basic catagories—
acoustic suspension or bass reflex. The
bass reflex enclosure is a high-efficiency
system with a bass response that tends to
be peaky. This type of response produces
what is often referred to as “boom”. There
are people that prefer a speaker system
with a bass that booms, but it detracts
from the reproduction accuracy. Not all
bass-reflex systems have a boomy bass, but
they are more prone to producing it. On
the more positive side, the medium-effi-
ciency of these systems suits low-power
amplifiers rather well.

The acoustic-suspension speaker system
is a low-efficiency system that has a smooth
bass response. A smooth bass response
produces a natural sounding bass, but the
low efficiency requires driving this system
with a medium- or high-power amplifier.

The basic design of the acoustic suspen.
sion enclosure is fixed. As a result, the
majority of manufacturers of these systems
refer 1o them as just that—acoustic suspen-
sion. The bass-reflex enclosure is different.
The original patent for the bass-reflex en-
closure covered many different variations,
and manufacturers still introduce new ones
periodically. The manufacturers of these
systems have come up with many names
for the bass-reflex enclosure. These include
Center Excited Pipe, Tube Vented Reflex
and Resistive Tunnel, to name just a few.
Don’t. get confused. The basic characteris-
tics of the bass-reflex system still apply

4
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Frequency response

The frequency response (sound output
level vs. frequency with a constant-level
drive signal) of a speaker system is im-
portant for determining the overall sound
quality and the accuracy of reproduction.
However, with the advent of graphic
equalizers that alter the frequency re-
sponse to the user’s taste, it is possible to
compensate, t0 a degree, for poor re-
sponse. But this is like using Dolby to
reduce tape noise. It works, but a faster
tape speed is better.

When a speaker is placed in a listening
room, the frequency response is no longer
solely dependent upon the speaker system
itself. but rather a combination of the fre-
quency response of the speaker system and
the room acoustics. The sound energy
radiated from a speaker system is reflected
off the various surfaces (walls, ceiling,
floor, furniture, etc.) in the listening room.
The intensity of these reflections vary with
frequency and the type of reflective sur-
faces. The resulting reverberant field will
reinforce the sound level at various fre-
quencies. Figure | shows the reverberant
room and anechoic chamber response of
a typical speaker system.

To get a meaningful frequency-response
measurement, we must isolate the speaker
system from the effects of the listening
room. A special chamber called an an-
echoic chamber, is used for this purpose.

30°

20°  10° 0°

This chamber has no reverberations. A
frequency-response measurement made in
this chamber represents the response of the
speaker system alone. This response can
not be obtained in a normal listening room
environment (See Fig. 1). The anechoic
chamber eliminates the need to define a
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FIG. 1—ACOUSTICAL ENVIRONMENT

changes frequency response measurement.

“typical listening room” and provides a
common basis for making a comparative
judgement.

(When we originally started working on
this article we intended to present fre-
quency response charts of every speaker
system covered. Unfortunately. we were
not able 1o make these measurements our-
selves. Instead we asked the various
speaker manufacturers to make them for
us according to our specifications. We re-
ceived this data for many of the speakers,
but have decided not to publish it. As we
ourselves did not make these measure-
ments we have no way of determining
which ones are faithful accurate measure-
ments and which ones have been smoothed

30° 30

40°

20° 10° 0°

out a bit 1o improve their appearance. As
a result we felt the information we have
might be misleading and have decided to
omit from this article—Editor)

The second condition outlined in our
questionnaire specified that a system called
14 -octave averaging be used. Consider the
frequency graphs shown in Figs. 2 and 3.
The response in Fig. 3 appears to be vastly
superior to that shown in Fig. 2. Yet
both responses were taken from the same
speaker system. The graph in Fig. 2 is a
poi?zt-lo-point plot that shows every glitch
|
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FIG. 2—POINT-TO-POINT response of typical
speaker shows every glitch.

in the response. However, it has been sug-
gested that the human ear cannot distin-
guish between amplitude variations that
are less than Y3 -octave wide. Figure 3 is
the smoothed version of Fig. 2 where the
output over each third of an octave has
been averaged. This graph is thought to
correspond more nearly to the actual
sound that is heard. In any case, for our
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purposes, the graph in Fig. 3 is definitely
easier to interpret. The other conditions

n
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FIG. 3-~SMOOTHED response of same
speaker shown in Fig. 2 using Vi-octave
averaging.

outlined in the questionnaire specified that
the frequency response measurement be
made at a distance of | meter on-axis.

Analyzing a frequency response graph is
not a difficult task provided you know
what to look for and the graph is accurate
to start with. Ideally, the graph should be
ruler flat, extending from an infinitesimal
fraction of a hertz above DC all the way
out to infinity. Unfortunately, speaker sys-
tems aren’t capable of producing this kind
of response and we must accept what is
available, Don’t expect the response of a
speaker system to even approach the re-
sponse of a typical amplifier.

Threre are several points to look for in
a frequency response graph. They are over-
all balance, smoothness of response, maxi-
mum bandwidth and minimum rates of
roll-off. Smoothness of response and maxi-

30° 20 10 0 10

mum bandwidth are self explanatory.
Overall balance refers to the amplitude
balance between the bass, mid-range and
treble portions of the audio spectrum. In
the common three-driver system, the
woofer handles the frequencies below 600
Hz, the tweeter handles the frequencies
above 5000 Hz and the mid-range driver
handles the frequencies in the middle. The
“crossover” frequencies vary from speaker
system to speaker system and are approxi-
mate.

If the overall output of any one of the
drivers is relatively lower than the output
of the other drivers, problems will arise.
For example, suppose the overall bass re-
sponse of a speaker system is lower than
the mid-range and treble response. A
speaker system with this deficiency will re-
produce bass notes, but not in the proper
balance. As a result, the reproduced music
will lack the natural “warmth™ that the
original music had.

A speaker system with this deficiency
will also have a poor transient response
in the decay (dying away) portion of a
bass note. The attack portion of a bass
note, which is composed of mid-range fre-
quency components, will be good. The at-
tack is emphasized by the poor transient
response in the decay portion. As a result,
the attack will be unnaturally “crisp”. This
unnatural crispness is sometimes praised
as “tight” bass. Tight bass can be quite
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impressive if you are not aware of the
actual sound of the original bass note. It
should be avoided however, as it detracts
from the reproduction accuracy.

Fast rates of roll-off at the extreme ends
of the frequency response graph can pro-
duce unnatural sound characteristics. It is
not unknown for speaker systems to have
a roll-off in the low-frequency end of the
spectrum that starts very rapidly and ap-
proaches an 18-dB/octave rate. This pro-
duces a “heavy” bass effect that some
people prefer. However, it again detracts
from the reproduction accuracy and
should be avoided. Fast rates of roll-off
in the high-frequency end of the spectrum
produce similar results.

Speaker systems are a compromise of all
the above factors and more. Not one fac-
tor, however, is more important than any
of the other factors. They all affect the
reproduction accuracy and should be care-
fully considered. Don