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measuring equipment. 
A totally unique tuning system. 

Deep inside the SX1980 there's 
a quartz crystal generating the perfect 
frequencies of every FM station in 
the United States and Canada. 

As you rotate the tuning dial, a 
special Pioneer integrated circuit com- 
pares the station you're trying to tune 
to its perfect frequency. When the 
station is tuned exactly right (all this 

takes about half a second), a "fine 
tuned" light comes on; the receiver 
then senses when you've let go of 
the tuning dial and automatically 
"locks" onto that broadcast. 

Luckily, the benefit of all this is 
far easier to explain,than the 
technology: FM drift is eliminated. A 
fact that's easily appreciated by 
anybody who's ever tried to record a 
long concert off a less formidable 
receiver. 

In addition, the SX1980 features 
a five gang variable capacitor that 
helps pull distant FM stations into 
weak areas. And there's also a 

multipath button for adjusting your 
antenna to eliminate multipath 
distortion. So even tall buildings 
won't stand between you and better 
sound. (FM sensitivity is an incredible 
1.5 microvolts; the signal to noise ratio 
is an equally superb 83 decibels. Both 
better than most separate tuners.) 

Still other innovations. 
When we designed the SX1980, we 

knew it would represent a remarkable 
en3ineerin8 achieve- 

ment. But it also 
represents the kind 
of thinking and value 
you get in every 
high fidelity com- 
ponent we make. 

That's why 
besides everything 
else, the SX1980 
features a sug- 
gested price of 
less than $1250.** 

Which only 
sounds expensive 
until you hear what 
our competition 
is asking for other .. 
high powered 
receivers that lack 
this kind of 
sophistication. 

The SX1980 is currently inspir- 
ing awe at your local Pioneer dealer. 

But before you go listen be 
forewarned: it'll spoil you for any- 
thing ordinary. 

High Fidelity Components 

O PIONEER® 
We bring it back alive. 

© 1978 U.S. Pioneer Electronics Corp., 85 Oxford Drive, Moonachie, NJ. 07074. 
**Suggested retail price. The actual price will be set by the dealer. 
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Most 
companies 

would consider 
a receiver with 

any one of 
these innovations 

remarkable. 
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But Pioneer isn't just any 
company. And our 270*watt SX 1980 
is somewhat better than remarkable. 

Every month, somebody 
introduces something called "the 
world's most incredible hi fi receiver: 

Yet when you compare their fea- 
tures and technology to 
Pioneer's SX1980, 
these "miracles of 
modern science" 
begin to look, and 
sound rather 
pedestrian. 
The greatest DC 
power story ever 

told. 
It's a simple 

fact of life that the 
more pure power 

a receiver possesses, the easier it 
can reproduce music without 
straining. 

And at 270 watts per channel, 
even the most demanding piece of 
music will hardly cause the SX1980 
to flex its considerable muscle. 

But when we built the SX1980, 
we did more than just create an 
incredibly powerful receiver. We 
created a whole new high powered 
technology. 

Each channel, for example, has 
a separate DC power configuration 
that helps to provide richer and more 
accurate bass. 

Where some high powered 
receivers try to get by with ordinary 
transformers, Pioneer has developed 
a 22 pound toroidal core transformer 
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that's far less susceptible to minor 
voltage variations. So you get cleaner, 
clearer sound. 

And instead of pushing conven- 
tional power transistors to their limits 
(the way some manufacturers do), 
we've actually invented new 
transistors that last longer and 
eliminate the need for fans that can 
cause electrical interference. 

All told, these innovations give 
the SX1980 a total harmonic distor- 
tion level of less than 0.03% from 20 
to 20,000 hertz. A figure that not 
only taxes the imagination, but also 
the abilities of most scientific 
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Cut speaker wire 
distortion-use 
Discwasher's 
SMOG -LI FTERS- 
"perfectionist 
speaker cable" 

Listening tests with 
audiophile panels of 
listeners show 
greater clarity than 
"speaker wire". 

Smog -Lifters have 
the very lowest 
resistance, with ca- 
pacitance tolerated 
by most amplifiers. 

Passes square 
waves at 20KHz. (30 
ft. of speaker or lamp 
cord will not.) 

THE DG TIP-unique 
to Smog -Lifters. 

Flexible finished 
dividers have wire 
protectors that allow 
pure "shiny copper" 
connections. 

SMOG -LIFTERS- in 
finished lengths of 
3m($10), 6m($17) 
and 10m($30). 

d 
discwasher, inc. 
1407 N. Providence Rd. 
Columbia, MO 65201 
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The x'3000 is the source of 
perfection in stereo sound! 

Three big features ...all Pickering innovations 
over the past 10 years... have made it happen. 

1976: Stereohedron® This patented Stylus tip assures 
super traceAbilityTM, and its larger bearing radius offers the 
least record wear and longest stylus life so far achievable. 

1975: High Energy Rare Earth Magnet 
Another Pickering innovation, enabling complete 

miniaturization of the 
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2. Frequency response curve 
of the XSV /3000 
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stylus assembly and tip 
mass through utilization 
of this type of magnet. 
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WITHOUT BRUSH 

1968: Dustamatic® Brush 
This Pickering patented 4 5 7 10H, 

invention dynamically stabilizes 
the cartridge -arm system by damp- 

ing low frequency resonance. It improves low frequency tracking 
while playing irregular or warped records. Best of all, it provides 

record protection by cleaning in front of the stylus. 

20 30 40 

3. Damping effect on tonearm resonance 

For further information write to Pickering & Co., Inc., 
Dept. A, 101 Sunnyside Blvd., Plainview, N.Y. 11803 
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Why now, 
more than ever, 

we can ask, 
"Is it or 

is it Memorex?" 

Sec. Eq' I=.tior,. 
Ferric bias. 120 V 

on a I 

Memorex's finest casE.ette for use 

Quite simoly, new 
MRXa is the best 
cassette Memorex 
has over made. 
Better, even, than our own 
MR> 2 Oxide cassette. Here's 
exactly why: MRX,is made with 
a new, high-erergy ferric oxide 
parti le to give you the following 
improvements in sound reproductcn 
1) Blrighter highs, richer lows. 
Higher output at saturation, specifically 
a 3.0 dB improvement over MRX2 Oxido 
at higi frepuency maximum output level 
and a 3.0 dB boost at low frequencies. 
2) Less distortion. 
4.0 dB less distortion than MRX2 Oxide. 
3) Wide dynamic range for broad 
recording flexibility, the most 
impolant indication of tape quality. 
Boosted MOL and low noise level give 
you ar excellent signal-to-noise ratio 
and 2.5 dE imprcvement in dynamic 
raf]tver MRX2Oxide. 

in short, new MRX3 ' Oxide offers sound 
;reproduction so true 
that now, more than 
-ever, we can ask, 
Is 4 live, or is it 
Memorex?" 
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MEMOREX 
Recording Tape. 
Is it live, or is it Memorex? 
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The super fidelity receiver 
that someone pa a million fa: 

A lot of money'- `rcu bet it is. But that's what it 
cost Sansui to develop the world's most advrced 
rece ver. The Sansui v9000 super fidelity DC re- 
ceiver Never before has music reproduction teen so 
clean brilliant and true When you listen to la G-9000 
you'll actually hear a di-ference. When you ¡cok at 
the specifications, you w.11 understand why. . 

The amplifier sect on is DC and direct 
coupled to achieve a f-equency response of zero Hz 

to 200 kHz (from mair-in.. - 3dB). A slew rate o- 
8.3V/sec., achieved through the unique Sansui 
ampi fier circuitry (pctert pending), ensures ultra -fast 
txans:ent response. Anc we've virtually elim noted 
cistorion. THD is all the way down to 0.02° at full 
fated power,160 wats cer channel min. RIMS, both 
channels driven into 3 ohms from 20-20,00CHz. 

The FM section cf -ers selectable IF band- 
wet-, for greatest se ecivity in crowded signal areas 
and lowest distortion (C.08% stereo) under nor nal 

taming conditions. Sensitivity is1,3µV (8.7dBf),+rrc 
capture ratio is a very low 0.9dE. 

Vlore advanced than nearly every separcte 
amplifier and tu-rer available today, the San_ui 
G -900C, with simulated woodg=ain cabinet, .scer- 
tainly more corwenient, especially when you I:dk at 
cad hcndle its f_II complemen- of "human en- 
gineered" cont ols. They are beautifully posi- onec. 
superbly smootì and outstandingly accurate. `!+e :'e 
even placed a I the input, output and speall termi- 
nals at the sides with rails for hiding the cables. . 

-nterestec? Then visit your nearest'Sarsui deci- 
er today You'll be surprised to learn that our =LggEs'- 
ed retail price it on1\2 31,050 And that we also oser 
the G-3000 pure_ power DC receiver, withrnerolya I 

the ac -vantages of the G -900a but with slight y less 

power_ at a suggested retail p -ice of only STT0.- 
Which isn't a Ici when you consider that these supe- 
fdelity compo-tints are easily worth a millic`_ 

The Sansui G-9000 pure power DC receiver. 

en o. ,. 

5u03iu- 
G -90C 0 NuwAmM 

lUFMOEP 
TO. 

sVEAAEp6 
A 

:114 
eSi w .! 

R ->« 

OP. 

:O« 

f 

1 
,,,1,,.,Itaon,,,. 

n,,,,,,,,,,nnm 
.1i. 

A 

---- 
l 

,,,.,,,,i ,,.,,,,,,,,, 
i ,, 

,* 

SANSUI ELECTRONICS CORS? 
VrGods de, New Yo 27. Gardena Co'it._rnia 9J247 SANS)! ELECTRIC Cr JD . Tokyo. Japirt 

(»"-'.':'JI FIK10 E+JROPI , Antwerp. Belgian In Canada: Electronic Distinbutcrs 

i 

Enter No. 37 on Reader Service Card 



We build 
a speaker 
that sounds 
like music 
It can accurately repro- 
duce the 120+ dB peaks 
that are found in some 
live music. That's more 
than just being able to 
play music loud. It can 
accurately reproduce the 
music bandwidth - from 
below 25Hz to 20kHz. 
And the Interface:D's 
vented midrange 
speaker reproduces 
midrange sounds with 
the clarity and purity 
that allows precise 
localization of sound 
sources- both lateral 
and front -to -back. 
The Interface:D is the 
only commercially avail- 
able speaker we know 
of that can meet these 
criteria. Audition them 
at your Interface dealer. 

Ey 

Electrol/oicW 
a gullDn company 

600 Cecil Street 
Buchanan, Michigan 49107 

Joseph Giovanelli 

Tracking Force Measurements 
Q. When setting up a turntable, does 

one measure the tracking force with or 
without the anti -skating force system 
connected?-D. Henderson, Palmetto, 
Fla. 

A. In some instances, it makes no 
difference at all whether the anti -skat- 
ing force is activated or not. There are 
some approaches to anti -skating com- 
pensation which involve a weight at- 
tached by a thread to a portion of the 
tonearm, and these will have some af- 
fect upon the tracking force. So, to be 
on the safe side, attach the anti -skating 
system-or activate it if it is perma- 
nently attached. 

Maximum vs. Rated Power 
Q. The instruction manual for my 

receiver states "Maximum consump- 
tion, 650 watts; rated consumption, 435 
watts." What is the meaning of these 
two ratings?-Sam Notaro, Verona, 
N.J. 

A. The power consumed by your 
receiver will vary because of the 
nature of the output stages. When no 
signal is applied, these stages draw less 
current than when they are driven, 
therefore the amount of power con- 
sumed varies depending upon whether 
the equipment is idling or being driven. 
Also, the amount of power drawn 
varies with the instantaneous power re- 
quired. 

Car Radio Noises 
Q. 1 have a problem with my car FM 

radio. I get static through my speakers, 
and no matter how 1 try to eliminate it, I 

have no success. 1 just bought a noise 
suppressor kit but have not installed it 
since I still hear the noise when the 
engine is turned off. I would like to 
know what you think the problem may 
be, and how can I correct it?-Dennis 
Hennessy, Bradley Beach, N.J. 

A. There can be a number of causes 
for noises in your automobile radio. It 
may be simply a matter that you are 
located quite far from most FM sta- 
tions. This would mean that they are 
received at too low a signal strength, 
and this would prevent the limiters in 
your radio from working to suppress 
the noise. This is most likely if your 
receiver is stereophonic. Assuming 
that your equipment is functioning 
normally, there is nothing you can do 
about this kind of noise. 

Another cause may be that your car 
antenna is shorted so that some of the 
signal is grounding out on the car 
frame. Perhaps the front end of your 
radio is misaligned or otherwise defec- 
tive, leading to reduced signal 
strength. 

It is possible that the noise is actu- 
ally the result of some defect in the 
audio portion of your receiver and has 
nothing to do with the signals being re- 
ceived. A constant background noise, 
especially when receiving a strong 
local signal, means that something is 

definitely wrong with some portion of 
the equipment, and it should be servic- 
ed. 

Album/Cartridge Replacement 
Q. I would like to know if it is 

necessary to buy new albums when 
purchasing a new phonograph car- 
tridge. Does the needle cut its own 
groove in the album? I've heard so 
many opinions on the subject that I'm 
really confused. - Anthony Lingelbach, 
Fresno, Cal. 

A. There is no need to buy new 
albums just because you've changed 
cartridges. A playback stylus in good 
condition doesn't cut any added 
grooves or change the existing ones in 
any way that would cause the old 
album to play better with a new car- 
tridge than the existing one. 

However, there are some extreme 
cases where a given disc has been 
played so many times that it will now 
sound either "broken up" or noisy, and 
here using a stylus of a different shape 
will sometimes improve the playback 
of such discs dramatically. 

Slew Rate 
Q. What is meant by "slew rate" in a 

power. amplifier?-Gil Hampton, 
Dallas, Tex. 

A. After a signal has been applied to 
the input of a transistor, some time 
must pass before the output voltage 
rises to its proper value. The time re- 
quired for a transistor to arrive at some 
arbitrary output is generally measured 
in microseconds and the quicker the 
response at the output of the amplifier 
as compared to its input voltage, the 
more faithful the reproduction will be, 
or so the argument goes. 4 
If you have a problem or question on audio, write to Mr. 
Joseph Glovanelli, at AUDIO, 401 North !road Street, 
Philadelphia, Pa. 19100. AU letters are answered. Please 
enclose a stamped, self-addressed envelope. 
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To get a superb performance, 
you need a precision machine. 

To command a great performance, a cassette shell and 
cassette tape must be engineered to the most rigorous standards. 

Which explains why we get so finicky about details. Consider: 

Precision Molded Cas- 
sette Shells-are made by 

continuously monitored 
injection molding that 

virtually assures a 
mirror -image parallel 

match. That's insurance 
against signal overlap or 
channel loss in record or 

playback from A to B 
sides. Further insur- 

ance: high impact styrene 
that resists temperature 

extremes and sudden 
stress. 

An Ingenious Bubble 
Surface Liner Sheet- 

commands the tape to 
follow a consistent running 

angle with gentle, 
fingertip -embossed 

cushions. Costly lubricants 
forestall drag, shedding, 

friction, edgewear, and 
annoying squeal. Checks 

channel loss and dropouts. 

Tapered, Flanged 
Rollers-direct the tape 

from the hubs and program 
it against any up and down 

movement on its path to- 
wards the heads. Stainless 
steel pins minimize friction 
and avert wow and flutter, 

channel loss. 

Resilient Pressure Pad 
and Holding System- 

spring-mounted felt helps 
maintain tape contact at 
dead center on the head 

gap. Elegant interlocking 
pins moor the spring to the 

shell, and resist lateral 
slipping. 

TDK Cassettes-despite all we put into them, we 
don't ask you to put out a lot for them. Visit your TDK 
dealer and discover how inexpensive it is to fight 
dropouts, level variation, channel 
loss, jamming, and other problems 
that interfere with musical enjoyment. 
Our full lifetime warranty* is your 
assurance that our machine is the 

1 
Five -Screw Assembly- 
for practically guaranteed 
warp -free mating of the 
cassette halves. Then 
nothing-no dust or tape 
snags-can come between 
the tape and a perfect 
performance. 

Perfectly Circular Hubs 
and Double Clamp 
System-insures there is 
no deviation from circular- 
ity that could result in tape 
tension variation produc- 
ing wow and flutter and 
dropouts. The clamp weds 
the tape to the hub with a 
curvature impeccably 
matched to the hub's 
perimeter. 

Head Cleaning Leader 
Tape-knocks off foreign 
matter that might inter- 
fere with superior tape 
performance, and prepares 
the heads for... 

Our famous SA and AD 
Tape Performance-two 
of the finest tapes money 
can procure are securely 
housed inside our cassette 
shells. SA (Super Avilyn) 
is the tape most deck 
manufacturers use as their 
reference for the High 
(Cr02) bias position. And 
the new Normal bias AD, 
the tape with a hot high end, 
is perfect for any type of 
music, in any deck. And 
that extra lift is perfect for 
noise reduction tracking. 

machine for your machine. TDK Electronics Corp., 
Garden City, N.Y. 11530. Canada: Superior 
Electronics Ind., Ltd. 

&TCIK. 
The machine for your machine. 

7 

'In the unlikely event that any TDK cassette ever fails to perform due to a defect in materials or workmanship, simply return it to your local dealer or to TDK for a free replacement. 
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THE 
AMERICAN 
CARTRIDGE 

THAIS 
A STAR 

ABROAD 

When we introduced the Sonus Blue cor- 
tridge, we were amazed at the speed 
with which discriminating audiophiles re- 
sponded ro its astounding ability ro im- 
prove the quality of record reproduction. 
And we must admit that we've gotten 
some pretty good reviews in America. 

But what really surprised us were the 
enthusiastic reviews of European au- 
diophile publications. 

Hi-Fi Choice (England): "A best 
buy... must be the Sonus Blue... overall 
balance of sound quality and laboratory 
performance is first rate... On listening 
tests, the Blue ranked number one." 

Banc D'Essais-Nouveoutes (Fronce): 
"Listen to the Sonus cartridge... it repro- 
duces even the most complex musical 
passages with superlative clarity." 

Stereolab-Test (Germany): "... The 
Sonus showed up os very balanced and 
clean... compared ro other outstanding 
cartridges, it stands up effortlessly! 
... Quality level: Without question top 
class." 

We feel more strongly than ever before 
that the addition of o Sonus cartridge ro 
any fine quality stereo system will result in 
noticeable sonic improvements. Write for 
copies of these reviews, further informa- 
tion, plus the nome of your local Sonus 
dealer. 

Manufactured in the U.S.A. by: 

SONIC RESEARCH, INC., 
27 Sugar Hollow Rd., Danbury,Conn.068 I 0 

High Definition Phono Cartridges 

Herman Burstein ide 

Line Length 
Q. 1 would be interested in informa- 

tion concerning the maximum length of 
microphone cable 1 can safely use with 
my tape deck. - Herman DeVries, Un- 
ion, Iowa. 

A. if you are using high impedance 
microphones-over 10 kilohms output 
impedance-don't use more than 
about 15 ft. or 20 ft. at the very most. 
However, a low impedance mike of 
about 1 kilohm or less allows you to 
use upwards of 100 ft. of cable. 

Deck Decision 
Q. I've been having a problem trying 

to choose between two tape decks. 
One is rated at a ±3 dB frequency 
response, while the other is at ± 2 dB. 
Is there a substantial difference be- 
tween them?-Allan Mandeville, APO 
N.Y. 

A. A tape deck with a flat frequency 
response within 2 dB will give slightly 
better audible performance than one 
flat within 3 dB, assuming both cover 
the same range, say 30 Hz to 15 kHz 
and both conform to specifications. 
Keep in mind that the deck rated flat 
within 2 dB has a total swing of 4 dB, 
while the other has a swing of 6 dB. 

Mono Mishap 
Q. I have a Sony tape deck with 

which I'm not too familiar. I recently 
received some four -track mono tapes 
and I find that when I play these, two 
tracks play through two speakers at the 
same time, therefore, I must turn off 
one of the speakers in order to hear the 
other clearly. Is it at all possible to have 
one track playing through both speak- 
ers?-George Marashian, Milford, 
Mass. 

A. Whether or not you can play four 
mono tracks one at a time depends 
upon the switching facilities of your 
particular tape deck or audio ampli- 
fier. Some decks allow you to play one 
track at a time, while others force you 
to play two at a time (stereo mode). 
However, many audio amplifiers allow 
you to feed one incoming signal (left or 

right) into both channels. Therefore, I 

suggest that you consult the tape deck 
and audio amplifier instruction manu- 
als to see if one or the other permits 
you to switch one signal into both 
channels. If the manuals aren't clear 
on this point, consult your audio deal- 
er or equipment manufacturer. 

Dolby Economics 
Q. I am confused over the various 

Dolby noise reduction units on the 
market, with prices varying over a wide 
range. Are the cheaper units only for 
playback of Dolby recordings?-D.D. 
Woodruff, San Rafael, Cal. 

The less expensive Dolby units em- 
ploy the same electronics for recording 
and playback; this means that you can- 
not simultaneously record and monitor 
a tape with the Dolby frequency 
characteristics. Instead, you must first 
record the tape with the Dolby unit, 
then play it back with the Dolby unit at 
a later time. The more expensive units 
enable you to simultaneously record 
and play a tape with the Dolby 
characteristics. Also, the more expen- 
sive units may incorporate additional 
features such as microphone mixing, 
VU metering, etc. 

Quality Quandry 
Q. Does erasing and recording over 

previously recorded material affect the 
quality of the recording?-David Hunt, 
Rockland, Mass. 

A. Tape that is completely erased is 
suitable for repeated use in recording. 
If the tape machine's erase head can- 
not achieve complete erasure, use a 
bulk eraser. Otherwise, though this 
takes much longer, put the tape 
through the recording process with no 
signal input to "pre -erase" the tape. 
Then the tape is erased a second time 
when you use it for recording. 

If you have a problem or question on tape recording, 
write to Mr. Herman Burstein at AUDIO, 401 North Broad 
Street, Philadelphia, Pa. 19108. All letters are answered. 
Please enclose a stamped, sell -addressed envelope. 
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T-ete are probably beat.tiful 
musical passades on many of your 
recorcs :hat vative never heard. 
And voe. never will, unless your 
cartridge is sensitive enougl-. to 
clearly reveal all the subtle hat -- 
mot -lies within tlth audio spectrum. 

Today's op:isicated 3rect to 
disc-technokgry has raises :he 
quali_y of (Its: reccrdiag to a new 
state of the a-t.`lot. need a cartridge 
that does justice x these fine re- 
cording.: an A.11T ca:nié. With 
an ADC ca n iegte ycu wit find 
the sate of the ait has bec ìbrought 
almost:o the statt of prrr_tion. 

Long haown by a-tdiophiles 
for incr_dibev pure sound tepro- 
ductia-t,ADC cartricggcs -rive also 
pros en their amazingly low record 
wear- This ;near, ;hey have even 
surpa«ed tFc rnst-lve;. 

1-_rst, thug- the renLekable 
new ZLM with the uni.. ue 
ALl t C IC:'= jkt;. It earh.nes the 
bent I stem . reprodi cticn of the 

Music 
you never 
knew was there. 

elLptica- stylus shape with the 
longer,kwer, wearing, vertical 
bea-ing radius of the Szibara shape. 
As a result, sound repvdtztihn _s 

ccnnple ely transpare-rt arai cleat. 
Ind vidu.il instramen-placemen_ 
is r -fore easily identiEable.And 
frecuerxy response is -tiler flat ±.dB 
tc 2.3kHz and ±i'/2d F to 26 <Hz. 
It tracks at 1/2 tee 11/4 gars. 

Th_n there's the -ew XLM. 
MK Ill with the same reauced 
rsi 's, tapered cantilever hit wiha 
true elliptical shaped and 
chi mood rip. I. has tower 
nass an our previo_Isly Icwe;t 
nass XLM MK if. 1. tracks at 
3'4-1V: grams. 

1h: QLM .36 rvMK I I with the 
ú> tova -ive l )ie-a cliptical taud ' tip 
also has excellent fie.iuercv IC 

.ponsr_, wide sc pal. tion. at d ,Cl 

I>,Iedialy clear. sound. L a so 
_r ì:Ls It 3,4 - l;2 grams. 

I:-eQl N134 'se 'II ,ffus 
I tj ti..II shape and Icw as 

Ent r+ No I on Rea: er Se+vice C tiff 

1 gram with fix response 
out tc 2CkHa =2dB. 

Taz.0LM 32 
MK Ill La2-,. 
gram nil tkal 
with 3 -Gat so and. 
Ifs one d the best 
budget e L .tLals arou 

f ndidea_ kif automatic 
changer--, the Q LM 30 
MK 11 -3a3-5grarì 
conical ,ty_u; .hats cam- 
patitie :with 3 wide range 
of stem_- egtipment_ 

L ACC cartricges. 
Thirk aaoat it. You 
pioha do i= even 
kno: whatyoure 
IIIISSI 4p 
AC 

r.u, 
\idi ),i.rnl_>C.otlin.n 

l'i_Lc t ' t Zc+..d 

.1c iluu.l11)11 I. 



Edward Tatnall Canby 

We do a lot of talking these days 
about bringing the concert hall into 
the living room-how about bringing it 
into the concert hall? If that sounds 
redundant, I mean of course via 
recordings. They do it all the time in 
Great Britain. 

Recently a well-known pair of Brit- 
ish record/hi-fi people decided to try 
the idea over here, in the name of their 
two organizations. They were Joan 
Coulson of EMI, the 
huge British record 
company, and Ray- 
mond Cooke, once 
of Wharfedale, now 
heading his own 
British company, 
KEF. It happened 
right in New York 
and I was there, the 
whole time. I can 
report to you first - 

12 hand, then, that the 
operation was suc- 
cessful but the pa- 
tients nearly died. 
You never saw such 
a bewildered batch 
of press and dealer 
people in your life. 
This was not like any 
hi-fi demo-it was a 

concert. And I mean 
a concert. 

Joan Coulson, 
who has been EMI 
chief all-around pub- 
lic relations manager for years and 
who herself has presented recordings 
in public for much of her career, was a 
most winning hostess and commen- 
tator on the music-that wasn't the 
problem. Graceful, enthusiastic as well 
as knowledgeable, she made a pretty 
picture up on the small stage of Carni 
Hall, in the crook of a flower -laden 
(and silent) grand piano. But this time 
she was up against more than even she 
could manage. I had to admire the pro- 
fessional ease with which for almost 
two hours she tried to reassure her 
New York audience that all this 
classical music really was very good 
listening, even at this considerable 
length-phew! They were trapped. The 
leaden weight of the Unaccustomed 
was just too much, at least for this au- 
dience. 

To be sure, some of those present 
were charmed, knowing perhaps both 
the music and the English tradition 
that it represented. There's usually a 

happy soul in the gloomiest audience, 
a silver lining to every cloud, and this 
was in fact a beautifully organized 
presentation of its kind. But un- 
familiar-so unfamiliar! It wasn't 
Coulson's fault, nor that of Ramond 
Cooke, at the controls-he also had 

been in the same thing before he 
teamed up with Coulson. It was simply 
the nature of the presentation itself. A 
gramophone concert. 

Musical Samples 
Now in America we have a very keen 

sense for new media of every sort, and 
we quickly develop ways of usage for 
each, depending. When the press 
and/or public here is invited to a play- 
ing of recordings in public we know 
what to expect. It happens often, and 
there's nothing very new about it-the 
technique is by now sure and effective, 
if hard on the music. Whether the 
sponsor is a hi-fi firm or a record outfit, 
whether the intent is to show speakers, 
pickups, artists, or new systems via 
numerous channels or even something 
positively digital, the format is gener- 

ally predictable. Superb audio equip- 
ment, of course. With plenty of power. 

Not only loud music but short. Our 
musical excerpts by custom virtually 
never run their proper musical course, 
i.e. until the music itself allows for a 

natural break. Instead, time being of 
considerable essence, we use the mer- 
ciful fade-out. Or the merciless grab - 
off, complete with stylus squawk. One 
minute? Maybe two? That's about it, 

either way. Neces- 
sary because busy 
press people, the 
general public, avid 
for other surround- 
ing sensations, as at 
a hi-fi show, expect 
the proceedings to 
be concise and to 
the point, with music 
in its proper place, 
strictly on a sam- 
pling basis. 

To put it another 
way, our public hi-fi 
is very seldom a con- 
cert, nor is it so in- 
tended. We play our 
music at leisure 
when we are at 
home, or we listen to 
it on the air. 

The only semi- 
public occasion 
when a whole mus- 
ical work, or at least 
a whole segment, 

gets played straight through is as 
background while conversation rises 
up. This we enjoy (and I often do 
myself) because we feel it is a natural 
thing for recorded music. But even so, 
most straight -through playings are by 
accident; nobody got up to turn the 
machine off, or suddenly substitute a 

different recording. A very few are 
deliberate, and as a musician I must 
quietly bless the perpetrators thereof. 
But I have long since recognized that, 
with us, that sort of musical sensitivity 
just isn't in the nature of public re- 
corded -music presentations, which 
have their own virtues in their own 
way. I am merely describing, then, 
rather than criticizing; this is the way 
we work, over here, and any excep- 
tions to the above procedures merely 
prove the rule by being exceptions. I 
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Sensitive tuners. plus DC amplifiers that help eliminate sonic backlash. 

If you've ever lis:ened to a,VC m_sic system 
with a separate :urer and a-nplifie-, and 
thought, "One of these days.. - 

Well that day is here. The newJA-344 DC 
integrated stereo amplifier, with it exclusive 
bui.t-in SEA graph c equalizer anc dual power 
meters, provices clean, unpannile- 
accurate music reproduction, wit- all 
the power you're ever likely to 
need.' And it has dual power 
supplies-not one for each 
channel, as incorventional 
designs-but one for its 
Class A -operated preamp' 
tone control section, and a 
second which performs even`'' 
heavier duty for its Class B -operated DC poem- amplifier 
section. This unicue design praztica ly eliminates both inter - 
and intra -channel crosstalk anc dis:ortion, cr w -'a1 we call 
"sonic backlash.' The resits: increased tonal defin Lion and 
brilliance, especially with nigh -level transient signals 

Our "Tri -DZ." design in the 
JVC JA -S55 and JA -S77 farther 
el minates distortion -causing 
capacitors witnin the DC phono 
equalizer, DC tone contrd and 13C 

power amplifier sections, provid ng 
frequency response from 5Hz tc. 
100kHz (+0, -1, OdB). 

The new JVC JT-V22AM/FM 4 
c' cry.3 

stereo tuner is a standou- in its 
class. With ar FM front end that 

.T--V?2, JA -S44 

Top JA -S 3ot om JA -S55 

uses an FET RF amplifier, combined with a 3 -gang 
Luring caps -itcr, the JT-V22 b-ings in the most timid FM 

stators anc makes them sound as though they're just 
3 _ t- r. Or, if you're in an area where FM 

staticris are a hairline away 
from 3ach other on the dial, it 

M 

` delvers clea-, interference - 
free recepfon. Then, to help 
you make sure you're on 
target, it has both signal 

strength and center -channel tun- 
ing meters. 

r ~ Prcbably the most significant 
advan in recent FM tuner 
technobgy is J"JC's Phase Track- 
ing Loep circuitry in our new top 

model-JT-V771 TI-is advanced circuit provides high 
signal -b -noise rato as well as excellent interference rejec- 
tion and freedom from multipath effects and adjacent chan- 
nel into ference. It's still another example cf JVC's innovative 
engine3r ng. Bs spunds speak louder :han words. See and 

hear these magnificently -designed 
separates at your JVC dealer soon. 

JVC High Fidelity Division, US 
JVC Cop., 58-75 Queens Midtown 
Expressway, Maspeth, N.Y. 11378. 
Canada JVC Electronics of 
Canada Ltd., Ont. 

Top JT-V77 BDttorr .hS77 

18 90 g:. lf 06 98 100 102 104 

t 1111I Itt l l 11 r11rt 111 11.t 1111 1 1 1 1 1 1 tt 1 I 1 

.., .,,.:r .,w f,,,,,,,,,. llll 

45 watts/channel. min RMS. 8 ohms, -rom 20Hz ;Ok Hz. with no more than 0 l2'- TFC REk-mount handles and wood -grain cahoots rplioral 

E tter No. 20 on Reader Sere ce Card 

We build it what the others 
leave out. 



enjoy hi-fi demos of any kind when 
they are well done, even though now 
and then I wince at the awful musical 
mayhem. By common consent, musical 
meaning is just not a part of this pic- 
ture. And though I do think minor im- 
provement is easy with half an ear, I go 
along with the general idea. It's us. 

Gramophone Concerts 
In England, things are more conser- 

vative. They have their hi-fi demos, 
too, but on the whole they take their 
recorded music-much more literally 

than we do-as music. To them, 
curiously, it does not too much matter 
whether music is recorded or live- 
they feel the same about it. So why not 
listen in the old reliable ways? Like a 

concert. Coulson and Cooke were 
brave souls to come over here with a 

show that is, you might say, the 
ultimate product of that British way of 
thinking. If recorded music is music, 
then why not a concert of that music? 
"A musical experience," they called it, 
and it is indeed out of an old and 
established tradition in their country. 

i°l'he most musical 
loudspeaker in 
my experience" 
"Exciting to hear... 
outperformed its 
specifications ...not a hint 
of shudder or overload 

14 ...the most musical 
loudspeaker in my 
experience. I have no 
higher praise for 
any speaker than that. 
It out -performs anything 
of its size at any 
price in my experience." 

PULSE England 

"Precise" 
"Martin engineers have 
made a success of 
an attractive, brilliant and 
precise loudspeaker, 
without any fatiguing, 
colorations or distortions." 

HiFi France 

Superb speakers 
from $80 to $600 

Gamma 310 

Märtì 
The sound of perfection 

Martin Speaker Div., Eastman Sound Mfg. Co., Inc., Mickleton, NJ 08056 609/423-0100 

True, the hi-fi itself was not unlike that 
which we also use, though all of it was 
British made. But it was not the fi that 
mattered. Not even Joan Coulson's 
first-hand EMI commentary, drawn di- 
rect from her long experience inside 
that big company-she knows all the 
artists and engineers and seems to 
have been at every recording session- 
not even all that could disguise the 
solid fact that what we heard in New 
York was a true concert, just like a con- 
cert of live music. We were there to 
listen, like any other concert audience, 
and at length. Can you imagine it? 

In the U.K., you must understand, 
there are some 300 "gramophone soci- 
eties" which meet regularly to discuss 
and "to learn about musical matters 
related to the gramophone." And, of 
course, to play recorded music to the 
membership. On an American scale 
this would involve thousands of such 
groups, if we had them. We have a 

handful, I have heard. On the other 
hand, we do have in the hundreds, at 
least, our hi-fi and audio clubs, which 
in the American manner also meet to 
discuss and to play a vast range of 
musical recordings. In these the music 
can be extremely well served and sure- 
ly often is. But, as I have reason to 
know, it also can be subjected to all 
the mayhem and indignity customary 
in professional demos and with a lot 
less justification. How often, for in- 
stance, are musical works played 
straight through and in respectful near - 
silence? If I am right, very seldom are 
these American meetings actual 
musical concerts. And yet-our in- 
formal approach is perhaps better for 
us if the music is given half a chance to 
say what it has to say. I only wish it 
were more often. 

Moreover, in England there is a 

larger scene, a positively awesome 
tradition, in fact, of actual gramo- 
phone lecture -concerts on a scale 
hardly believable to Americans. Which 
is where the New York "musical ex- 
perience" comes in. There have been 
monster affairs such as the concerts 
put on by Gilbert A. Briggs, long-time 
genius of Wharfedale, in, of all places, 
the Royal Festival Hall. (Imagine a 

sold -out phonograph concert in Carne- 
gie Hall.) Others, an astonishing 
number, run as regular concert series, 
very much like the "live" sort and 
often in similar halls. Still more go out 
"on tour," recordings, equipment and 
all, throughout the U.K. and Eire. The 
whole movement is a most unusual 
aspect of what we used to call "live vs. 
recorded"-played out on a grand 
scale before large numbers of people. 
So, as you can understand, the idea of 
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What makes this 
speaker better is 

hat isn't there. 
When we created our new 

3 -way LS -408B, we discovered 
that less is better. 

By carefully designing the 
weight of the voice ccil with the 
cone assembly in the woofer, we 
discovered that we could 
eliminate the crossover coil. And 
eliminate one of the major 
causes of speaker distortion. 

The result is better sourd 
throughout the entire frequency 
range. A solid, tight bass. 
Accurate midrange. And crystal 
clear highs. 

But, what we put into a 
speaker is as important as 
what we leave out. So for the 
tweeter and midrange, we used 
a computer to design light- 
weight, extra rigid cones for 
superb transient response. 

Then we mounted the 
speakers on a lumber -core 
baffle board that reduce; 
internal resonances. Ani 
designed the enclosure to 
assure an acoustic match 
between speaker and cabinet. 

At K.enwood, we make every 
part of every speaker for one 
reason:To deliver a crisp, clean 
sounc that accurately repro- 
duces the original mus c. 

If you're serious about your 
system, you shouldn't settle for 
anything less. 

Your speakers' reputation 
should be as good 
as your receiver's. 

For the dealer nearest you, see your Yellow Pages, 
or wrie Kenwood, P.O. Box 6213 Carson, CA 90749. 
h Canada: Magnasonic Canada, Ltd. walnut veneer cabinet. 
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an actual concert of recorded music is 
a thing the British take for granted. 

Two Masters 
Joan Coulson has long been a leader 

in these. In fact, she came to EMI's 
notice through the public gramophone 
recitals she was giving as a sales promo 
for records. (How often do we try that?) 
She was primarily music -minded, a 
pianist, but at EMI she founded not 
only a lecture service, about record- 
ings, but even an EMI Advisory Service 

with useful info on how to present 
gramophone music in public situa- 
tions. On that basis she still travels 
widely with her own presentations of 
this popular sort-popular, that is, in 
England. She has earned all sorts of 
public honors for it, and she is even an 
active member of the AES often seen 
around the conventions. 

As for Raymond Cooke, he was a 
child violinist, then an industrial chem- 
ist, into radar and, finally, an audio 
man working for Gilbert Briggs himself 

WHAT ALL 
LOW -Fl 
SPEAKERS 

TO BE ¡WANT 
WHEN THEY 

GROW UP. 
We at Inoteve earn d" you fl24 first pairn 0f Í0wch.ha or mid -fi loudspeakers 

r 

won't last too long. There's probably 
nothing wrong with them - we're sure they sound the 
same now as when you picked them up. 

The problem is with you! 1bu've developed a more 
sophisticated ear. Don't expect your loudspeakers 
to grow up with you Your perception of what live 
music sounds like is better, and now you need honest 
music reproduction to fill that void so obvious in your old 
speakers. 

The Innotech D24 has been designed specifically 
for sonic reproduction beyond reproach. Our unusual 
asymmetric format is a direct result of applied acoustical law strictly adhered 
to. Since acoustical law does not change, but your growing perception of 
quality sound does, you'll have to hear the D24's. 

So put your old speakers aside and write for our Dealer List. He has 
the facts, figures, and The Quality Disc List visit him to hear how much 
You've grown. 

¡flhlOLL'CII 
FOR ACHIEVEMENT IN SOUND REPRODUCTION 

42 Tiffany Place, Brooklyn, New York 11231 (212) 522-0862 
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at Wharfedale where he assisted Briggs 
at the giant Festival Hall affairs and 
others as well. Eventually he founded 
his own KEF Electronics, specializing 
in speaker manufacture, but he has not 
lost his keenness for the musical con- 
cert via recordings, and it was in this 
fashion that he joined up with EMI and 
Joan Coulson for the New York ven- 
ture. 

So there's the background. What 
was the New York "musical ex- 
perience" like? In a purely technical 
way, it was a masterful solution to the 
problems of playing recordings in- 
tended for the home into a concert - 
hall space. I have never heard a more 
professional job, and I was astonished 
at how easily every sort of music came 
across in the Carni Hall set-up, from 
solo harpsichord to full orchestra and 
chorus. I bow to two masters of the 
art! As for the fi, it was plenty good in 
the British manner, four Quad 405 
amplifiers in pairs feeding a total of 
800 watts into the two KEF Model 105 
speaker systems on the stage in stereo. 
Up in the back balcony were two Fer- 
rograph Series 7 tape machines. 

What bothered the New York au- 
dience was basically the music. These 
were people for the most part not par- 
ticularly musical but very familiar with 
the normal American approach to hi-fi 
demonstrations. What got them was 
first of all, the sheer quantity of ma- 
terial. Hours of it! A whole evening, no 
less. (Well, what else do you expect in 
a concert?) More specifically, the 16 
musical numbers on the program, plus 
one dividend, were each played 
straight through to the music's normal 
end, except in a few very long 
movements-Bruckner -where there 
was a discreet fade-out at a good spot. 
During these very long (relatively) se- 
quences we all sat rigidly in total 
silence in our concert hall seats- 
precisely as at a live concert. 

Now this was very unsettling, as it is 
usually for all who go to live concerts 
for the first time. For recorded music, it 
is just not a thing we Americans are 
prepared to do in public. At home is 

another story. There we listen in peace 
and relaxation. Imagine, then, a very 
faint slow movement from a Scarlatti 
harpsichord sonata, a baryton Trio (a 
sort of cello with extra plucked strings) 
by Haydn, and so on, complete move- 
ments-played from start to finish. 

Quiet Quads 
I think that perhaps the most unner- 

ving aspect-for this audience-was 
the volume levels. Again, a matter of 
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INTRODUCING THE TEAC C-1. 
We took a data recorder made for computers 

and built a cassette deck made for connoisseurs. 

If you're critical about what you 
listen to, you should see the new 
TEAC C-1. 

The C-1 has a transport directly 
derived from recorders built by 
our Instrumentation Division 
for the world's major computer 
manufacturers. 

Its motors are rated for thou- 
sands of hours of continuous 
use. Servo controls have a relia- 
bility factor of l08 and function 
switches are built to withstand 
repeated use in excess of 
100,000 times. 

WHY THE TRANSPORT 
IS SO IMPORTANT 

For the C-1 to deliver the kind 
of virtuoso performance we 
promise, it has to meter-not 
pull-tape with the utmost 
reliability. And that's a matter 
of mechanics, not electronics. 

The sad fact is, many tape 
recorders are built by elec- 
tronics companies with a short 
history of transport design. And 
transport mechanics is where 
most tape recorders break down. 

Transport design-using mate- 
rials that move and interact- 
is no simple science. It's an art 
that takes a long time to learn. 

The art of mechanical design is 
one we've been practicing for 

TAPE CON,re. 

more than 25 years. And it 
reaches a high point with the C-1. 

THE TRANSPORT 

The C-1 transport is a 
3-motor/3-head dual capstan 
system. The closed loop dual 
capstans are linked with twin 
belts to produce a wow and 
flutter spec of just 0.04%. The 
capstan motor is phase -locked 
loop, so it's free from voltage 
and frequency fluctuations. 

C-1 pinch rollers are self- 
adjusting to get optimum tape 
pressure onto the capstans. 
Transport controls are LSI logic - 
operated and positive. Separate 
right and left input controls are 
cross -geared with friction 
coupling for one -hand control 
of channels. 

A pitch control lets you vary tape 
speed up to -±-4% (because tapes 
you get from others may not be 
as accurately recorded as those 
you give). 

THE ELECTRONICS 

The re isn't a cassette deck made 
that can beat this combination 
of specs: overall frequency 
response with Cr02-20-20kHz, 
other-20-18kHz; Wow and 
Flutter -0.04% NAB, weighted; 
and Signal -to -Noise ratio- 
-70dB with Dolby at 5kHz and 
up to -90dB with optional dbx 
interface module (Rx-8). 

Another unique feature to the 
C-1, are plug-in bias EQ/cards 
that let you optimize the elec- 
tronics to a specific brand of 
tape. Additional cards are avail- 
able for various brands of tape. 
For distortion -free recording, 
peak program meters respond 
to signals with an attack time 
of 10 milliseconds in all audio 
frequencies and give you an 
accurate display of peak level 
up to +5dB. 

Other C-1 features include an 
input selector switch for Mic/Mic- 
with-attenuation (20dB pad)/Line; 
a timer control for automatic 
record/playback start; a memory 
function for Auto-Stop/Repeat; 
and a folding stand for vertical or 
angled use. Naturally, the C-1 
can also be rack mounted. 

HOW MUCH 

The TEAC Cl* - has a suggested 
list price of $1300, a lot of money 
by some standards. But when 
you consider its computer/ 
instrumentation heritage-and 
what that means in terms of how 
long and how well it will run-it 
could be the most inexpensive 
tape recorder you can buy. 

TEAC® 
First. Because they last. 

©TEAC 1978 

*Also available in brushed aluminum. 

TEAC Corporation of America 7733 Telegraph Road Montebello, CA. 90640 In Canada TEAC is distributed by White Electronic Development Corporation (1966) Ltd. 



ADS 810 
AR 11 

ESS amt 1Ob 
INFINITY QUANTUM 5 

YAMAHA NS 690 11 

There's only one way 

to decide which of these 

fine speaker systems 

you'd prefer. Compare them 

weh the Dutton 44. 
This array of speaker systems should give you an interesting experience in 

evaluation and selection. Except for their price range (about $300), they have 
little in common. That is, with respect to size, shape, speaker complement 
and-to some extent-engineering approach. 

Of course, all speakers should pursue the same goal: to be accurate, 
precise and faithful to the program material. And for a goodly number of music 

18 lovers, each of these speakers has come acceptably close to that goal. Which 
makes each of them a worthy challenger to the Ditton 44. 

One fact about the Ditton 44 we can give you right now. It combines both 
high efficiency and unusually high power -handling capacity. As little as five 
watts brings it to realistic listening levels. As much as fifty watts are easily 
handled. And you'll find the listening level uncomfortably high long before the 
Ditton 44 is in danger of being overdriven. 

The specialists we've selected to be 
Celestion dealers have critically - 
designed listening rooms that 
allow all components to be 
evaluated accurately and fairly. 
This, of course, is especially 
important when it comes 
to speakers. 

These conditions make it very 
likely that you will be highly 
satisfied when you listen to the 
speaker of your choice in your 
own listening environment. Even 
more so, we believe, if it should 
be the Ditton 44. 

The Ditton 44 by Celestion 
An hermetically sealed three-way system 
employing a 1" dome super tweeter functioning 
from the 5 kHz crossover point to well beyond 
audibility, a 6" cone midrange that functions 
down to 500 Hz and a 12" bass transducer that 
is operational down to 30 Hz. Overall frequency 
response is 30 Hz to 40 kHz. Available in walnut 
or teak finish. 30" h x 141/2" w x 10" d. 

Celestion 
Loudspeakers for the perfectionist 

Celestion Industries, Inc. 
Kuniholm Drive, Holliston, MA 01746 
In Canada. ROCELCO Inc., Downsview M3J2J7 

literalness. We like our recorded music 
loud, especially in public. Our highly 
developed sense for the medium tells 
us, I think rightly, that this is a dif- 
ferent form of musical propagation 
and it needs solid volume, perhaps to 
make up for the missing live per- 
formers. But the English levels, even 
with 800 Quad horses, were never real- 
ly loud and often quite low. These, in- 
deed, were literal concert levels-as 
an audience hears them in the flesh- 
and far from the 110 dB at the mikes 
up on stage. As I say, it was a concert, 
even in this special sense, meticulously 
and admirably so. I think that its very 
power to make our audience acutely 
uneasy proved how consistent it was 
with the British viewpoint. I might add 
that Coulson and Cooke got warm ap- 
plause when the end finally came. I 

think we all understood that this was a 
noble venture, impeccably carried 
through. 

Now I am no believer in non -edu- 
cation, and I deplore our general lack 
of listening courage in respect to 
classical music of many kinds. We 
should be less fearful. It doesn't bite. It 
can be pleasing even at length. We 
should listen longer. Buta gramophone 
concert in a concert hall? 

In the end, I think that a less literal 
format, under some new name, might 
provide an easier musical experience 
for the American listener and with 
more attention to the demands of this 
different medium. Surely, there are 
ways to graft the British idea onto 
American practice with benefit both to 
music and fi. I've always thought so. It 
should be tried, and often. But I would 
want Joan Coulson and Raymond 
Cooke on hand to do the producing. 

P.S. One technical aspect you may 
have guessed-no discs. Instead, we 
heard something of a rarity, at least 
among large recording companies, 
two -track Dolby A copies in stereo 
made direct from the EMI masters of 
each recording, de -Dolby A in the 
playback. Hence the Ferrographs- 
two, to avoid waits for rewind. Not too 
many members of our audience real- 
ized how beautifully this eliminated 
the amplified rumble, hiss, and gunfire 
popping of a disc record, even the 
best, as blown up in a large space. We 
heard only velvet silence as a back- 
ground -except for one item. That was 
Scheherezade with Sir Thomas 
Beecham, EMI's very first stereo 
release. In those days there was neither 
Dolby nor dbx. On this one we heard a 

faint hi-fi hiss. Now if we just had 
master tape copies for ALL our hi-fi 
demos.... ¡j 
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A NEW PREAMP FOR THAT DISCERNING 
PERFECTIONIST WHO CAN APPRECIATE 

THE DIFFERENCE. 

The new Phase 3000 Series Tv o 
was des grec for that discerning 
music-lcv who -as a passion fo - 
accurate sand an eye for elecant, 
yet funcà one design, a feel for crafts- 
manshipo_ andlanunfailing determina- 
tion to maximize retarn on investment. 

The Fhase 3000 incorporates he 
latest techno ocicaladvancemen-s in 
preambdasign. Transient overloading 
that pla:ues prearnps has been 
virtuallyelirinal t whether ampli- 
tude, frequelcv, or slew inducec. 
Now ycu can ei oy the flexibility, 
performance and features that a -e 
priced s_bstantially higher in 
other emu pmei-. 
CMOS LOo3C MEMORY SYSTEM 

Most _rea Tii s use dated mecl'ani- 
cal swit_hing cevices that force 
signals =otavel long noisy, circuitous 
routes Irom 
the inputs 
to the 
panel, ihe-I 

beck to the oatpuis_ doesn't 
The Phase 3003 l.ses C,1CS digi al 
logic to energize switching relays 
located where they belong. at the 
input :a; ks Th s shortens =ritical 
signal oaths. Noise_ num, and the 
crosstalk' that's characteristic 

of me`han cal sw tc=hirg is vi -tu - 
ally elirrinatec. 
WANT MORE? 

A lilninc session with a pair of 
headphones rill .:cnvince you just 
how much o' a d ftererce a true heac- 
phone amp makEs_ Tall the 3003 
arounc, anc see tow easy lit is to patd-1 
n your noise -eeljc io i 

Two condete twin_ circuits allow 
you to copy bet:ve=r des while 
listera ng to ano -her source. 

Bit we've cone .3r-cugh talking. I- 
you're serious about slate -cf -the - 

PHONO CARTRIDGE FLEXIBILITY 
The two independent RIA.a PhoneStages e imi - 

nate all low- evel switching. Asa -esult raise 
is reduced to theoretical ninth 

Phono 1 is designed for moving-najne 
cartridges and has brae selectabe 

capac lane "a uEe. 
Phono 2 is used with moving -coil ca ridges 

and has three selectable -esistarce values The 
expensive oitboard head amp us...elty required 

for a moving -coil cartridge s alr=adv 
bui:1 into :he 5OCC_. 

art performance i:'s time fo- you to 
do some listeninc. See your 
Phase (baler. 
SPECIFICATIONS: 
Distortior: less Wan 0.04% 

(20Hz-23kHz). 
Typically 0.005% @ 1 kHz. 

Signal/Vcise (II -F "A"): 
Phon: 1-Moving Magnet: greater 
than 90dB re: 10mV input 
PhonzJ _-Moving Coil: g-eatE -than 
78dE 1 mV nput 

Frequency Response: Phcnc- 1, 
Phono -2 deviation: ± 0.3d B 

Tone Controls: Nigh & Low Frequency 
contio s with switchable tu -nover 
points. 

Volume Control: 22-positor 
prec sion attenuator witn plis or 
mints 0.5dB tacking. 

Low Filter: 18d5/octave below 15Hz. 

. 
Miffl.:7 .. 

vs ix fie e i 

feast ntez ® 

TF POWERFUL DI=FERENCE 
MADE IN USA. DISTRIBUTED IN CANACiA BY mah. RCa GRAY LTA. AND I AUSTRALIA BY MEGASOUND PTY. LTD. 

Phase Linea. C i-ooration 
20121 48th A enue West 
Lynnwood. V.9shington 

98036' 
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Bert Whyte thee 
din 

As I have said many times before (I 

hope not ad nauseum), the audio in- 
dustry is one of the most dynamic, 
fastest -growing segments of our scien- 
tific community. The fact that the 
Audio Engineering Society sponsors 
three conventions every year is a con- 
vincing indication of its vitality. Every 
year, each succeeding American con- 
vention becomes ever bigger and more 
comprehensive. So it was with the 60th 
AES convention, held in Los Angeles 
May 2 -5th of this year. It has become 
almost a cliché to state that "atten- 
dance was up, more papers were pre- 
sented, there were more exhibitors 
than at any previous convention." 
Needless to say, this "high-water 
mark" is sure to be topped by the New 
York convention in the fall ... and so it 
goes. 

If the entrants in the "digital derby" 
got out of the starting gate at the 58th 
AES convention at the Waldorf, at this 
convention it was obvious they had 
reached the first turn and were jostling 
for position, but with the homestretch 
not yet in sight. There were nine papers 
presented on various aspects of digital 
recording, as well as demonstrations of 
digital recorders from Soundstream, 
JVC, 3M, Technics, Mitsubishi, and a 

non -official demonstration of the Sony 
PCM unit by that bearded savant of 
Cerwin-Vega, Gene Czerwinski. 

Painfully aware of the debacle 
caused by non -compatibility and non - 
standardization of quadraphonic 
sound, the AES has wisely set up a 

"Digital Audio Standards Committee." 
There have now been five meetings of 
this group, and while there seems to be 
general agreement that a 16 -bit system 
is desirable for digital recorders, the 
matter of sampling rates seems to have 
created a stumbling block. On the one 
hand is a group who advocate a single - 
standard sampling rate for digital re- 
cording whether the units employ fixed 
heads or rotary -scanning heads. On the 
other hand, there are proposals for a 

certain sampling rate to be used with 
consumer -type PCM units for rotary 
heads and another sampling rate for 
fixed head units. As you might expect, 
since the Japanese are the principal 
manufacturers of the rotary -head, 
video -cassette recorders, which they 
want to mate with PCM recording 
adaptors, they want to adopt a sam- 

,e2).v ®p 
V 

` *,.',`' < 

e towards a sampling rate around 50 to 
54 kHz. Well, enough said on this li point. Here is a round -up of digital 
recorder activity at the 60th AES con- 
vention. 

pling rate which would not make these 
adaptors prohibitively expensive. The 
Japanese consider a 20 -kHz bandwidth 
adequate to prevent deterioration of 
sound quality, including the effects of 
the anti-aliasing filter. It is this filter 
that costs so much, for the wider the 
bandwidth and the higher the sampling 
rate, the more complex and costly is 

the filter. There are other considera- 
tions involved in their early potential 
choice of the comparatively low sam- 
pling rate of 44.05594 kHz, such as 
length of recording time and easy con- 
version of the digitized audio signals 
into NTSC video signals. In fixed -head 
digital recorders, the Soundstream unit 
uses a sampling rate of 48 kHz, while 
the 3M/BBC recorder has a sampling 
rate of 50 kHz. Some who advocate an 
audio bandwidth beyond 20 kHz, are 
suggesting sampling rates as high as 
100 kHz. The idea here is that the ef- 
fects of the anti-aliasing filters at this 
rate would be above the audible range. 
However, it is doubtful that either the 
Ampex or 3M digital mastering tape 
would be able to cope with the high 
sampling rate. Thus for a variety of 
reasons, the fixed head "professional" 
digital recorders seem to be leaning 

Digital Developments 
The 3M people held a press con- 

ference just prior to the opening of the 
convention, and Dr. Marshall Hatfield, 
general manager of their Mincom Divi- 
sion stated that the 3M/BBC digital 
audio mastering system was "on 
schedule" and three systems would be 
in selected studios before the end of 
1978. He also stated that continuous 
production of the digital recorders 
would begin early in 1979, at their 
Camarillo, California plant. The rather 
surprising news from 3M was that the 
32 -channel pre -mix digital recorder 
and its companion 2/4 track mastering 
recorder, which were to be sold at a 

projected price of "under $150,000," 
would initially be available only 
through a lease -rental arrangement. 
This is because 3M feels that the re- 
corders represent a new technology, 
that further refinements are sure to 
evolve, and 3M must be responsible 
for their incorporation into the 
recorders. The financial arrangements 
are said to be $10,000.00 reserva- 
tion/installation fee, monthly rental of 
$4,000.00, and a usage fee of $4.00 per 
hour. One assumes that on a three-year 
basis, this is equivalent to the original 
$150,000.00 purchase price. Dr. Hat- 
field is very bullish about digital audio 
in general, and reiterated that 3M is 

doing developmental work which it is 

hoped will lead eventually to con- 
sumer -type digital playback equip- 
ment. 

The Soundstream digital recorder is 

currently not available on an outright 
sales basis. Instead, the recorder is part 
of a complete recording service where- 
in the unit and Soundstream personnel 
are in on the recording sessions, then 
offer editing services at their Salt Lake 
City headquarters, then ultimately 
take the recorder and the edited tape 
to the JVC Cutting Center in Los 
Angeles, where Stan Ricker can pro- 
duce half -speed master lacquers. The 
digital recording service of Sound - 
stream works on a royalty basis per 
record sold, with an advance against 
this royalty covering initial set-up, 
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MODEL i.7l.iD winDA c= 2DMED 
um EA 

200D 
E/I 

X1304 
E 

KID 
FREQUENCY 

RESPONSE 
10Hz-50kHz 

±3dB 
15Hz-45kHz 

±3dB 
20Hz-20kHz 

±2dB 
20Hz-20kHz 

±1'/,dB 
20Hz-20kHz 

±2dB 
20Hz-20kHz 

±2dB 
20Hz-20kHz 

±3dB 
20Hz-20kHz 

±3dB 
20Hz-20kHz 

±3dB 

TRACKING 
FORCE RANGE 1/4-11/4 gm 1-13/4 gm '/4-1' grr %-1 i4 gm 3/4-11/2 gm 314-1'/z gm 1-2 gm 11/4-2'/, gm 11/2-3 gm 

SEPARATION. 
15HztolkHz 
1kHzto20kHz 
20kHzto50kHz 
20Hzto500Hz 
500Hzto15kHz 
15kHzto20kHz 

28 dB 
23 dB 
15dB 

24 dB 
20 dB 
15dB 

20 dB 
30dB 
25 dB 

18 dB 
27dB 
22 dB 

20 dB 
28dB 
20 dB 

20 dB 
25dB 
18 dB 

18 dB 
23dB 
15 dB 

18 dB 
23dB 
15 dB 

16 dB 
21dB 
13 dB 

I.M. DISTORTION 
@3.54cm,'sec 

.2% 
2kHz-20kHz 

2% 
+kHz-20kHz 

.08% 
+kHz-20k-Iz 

.08% 
2kHz-20kHz 

1% 
2kHz-20kHz 

.15% 
2kHz-20kHz 

.2% 
2kHz-20kHz 

.2% 
2kHz-2CkHz 

2% 
2kHz-20kH: 

STYLUS _2 mil 
bi -radial 

.2 mil 
bi -radial 

.2 x 7 rril 
elliptical 

.2 x .7 mil 
elliptical 

.2 x .7 mil 
elliptical 

.2 x .7 mil 
elliptical 

.2 x .7 mil 
elliptical 

3 x .7 mil 
elliptical 

.7 mil 
spherical 

EFFECTIVE 
TIP MASS 4 milligram 4 milligram 2 milligram .2 milligram 6 milligram .6 milligram .6 milligram .9 milligram 1 milligram 

COMPLIANCE 30x10 t 
cm/dyne 

30x10 `' 

cm/dyne 
3000" 

cm/dyne 
30x10" 
cm/dyne 

20x106 
cm/dyne 

18x10 6 

cm/dyne 
17x10" 

cm/dyne 
16x13 a 

cm/dyne 
14x10' 

cm/dyne 

TRACKING 
ABILITY 

32 cm/sec 
@1kHz 
@ 1 gm 

30 cm/bec 
@1kHz 
@11/2gm 

38 cm/sec 
@1kMz 
@.9 gm 

38 cm/sec 
@1kHz 
@ 1 gm 

32 cm/sec 
@1kHz 
@ 1 gm 

28 cm/sec 
@1kHz 

@1'/4gm 

28 cm/sec 
@1kHz 
@11/2gm 

28 cm sec 
@1kHz 
@134 gm 

32 cm/sec 
@1kHz 
@2gm 

CHANNEL 
BALANCE 

within 1 dB 
@1kHz 

within 11/2 dB 
@1kHz 

within3/4 dB 
@1kHz 

within 1 dB 
@1kHz 

within 1 dB 
@1kHz 

within 11/4 dB 
@1kHz 

within 16 dB 
@1kHz 

within 11/2 dB 
. 1kHz 

within 11/2 dB 
@1kHz 

INPUT LOAD 100k Ohms/ 
channel 

100k Ohms/ 
channel 

47k Ohns/ 
channel 

47k Ohms/ 
channel 

47k ttms/ 
channel 

47k Ohms/ 
channel 

47k Ohms/ 
channel 

47k Onms/ 
channel 

47k Ohms/ 
channel 

TOTAL 
CAPACITANCE 

under 100 
pF, channel 

under 100 
pF/channel 

300 
pF 'charnel 

300 
pF/channel 

400-500 
pF/channel 

400-500 
pF/channel 

400-500 
pF/channel 

400-500 
pF/channel 

400-500 
pF/channel 

OUTPUT 
@ 3.54 cm/sec 

3 
mV/channel 

3 
mV/channel 

3 
mV/channel 

3 
mV/channel 

4.5 
mV/channel 

4.5 
mV/channel 

7 

mV/channel 
7 

mV/channel 
7 

mV/channel 
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recording, and editing costs. Thus far, 
the Soundstream digital/half-speed 
disc master process has been used by 
Orinda Records for a recording of 
Diahann Carroll and the Duke Elling- 
ton Orchestra, and by Telarc Records 
for a recording of the Cleveland Wind 
Ensemble. The Telarc recording was 
being demonstrated on the Sound - 
stream digital recorder at the AES and 
made a generally favorable impres- 
sion. Incidentally, Dr. Tom Stockham, 
the head of Soundstream, was elected 
a Fellow of the AES at this 60th con- 

vention for his work in digital record- 
ing. 

At the Mitsubishi exhibit room, they 
were showing their neatly packaged 
quarter -inch, fixed -head PCM recorder, 
which now is said to be priced at 
around $16,000.00, with availability by 
the fall of this year. Rumors continue 
to persist that they will have a 
PCM/Video-Cassette recorder com- 
bined unit for about $1800.00, which if 
true, would certainly be an incentive 
for the production of prerecorded 
PCM cassettes. Their unique laser/PCM 

More Organ Than You've 
Ever Heard On Disc Before. 
Michael Murray playing 
The Great Organ in 
the Methuen Memorial 
Music Hall. 

Recorded Direct -To -Disc 
by Telarc Records. 

This could well be the definitive 
organ record. The instrument is one of 
the finest in the world. With 84 stops, 
115 ranks, and 6,065 individual pipes 
beginning with the 32' Principal. All 
controlled from four manuals and the 
pedal. The organ was originally con- 
structed as the first concert organ in 
the United States in 1857. Since rebuilt 
several times, the last revision was in 
1971. It is housed in the Methuen 
Memorial Music Hall, the only build- 
ing of such proportions and impressive 
design ever constructed solely to house 
a concert organ. 

Michael Murray's credentials are 
also truly impressive. He studied with 
the late Marcel Dupré, has concertized 
throughout the U.S., Europe, and the 
Middle East, has appeared on radio 
and TV and has performed with lead- 
ing symphony orchestras. 

Capturing this talent, and the 
sound of this team of musician and 
instrument, was the result of painstak- 
ing work by the Telarc team of engi- 
neers. Using direct -to -disc recording 
preserved a measured range from 16Hz 
to beyond 20kHz on the final masters. 
No audio processing or tricks were 
used...just precise microphone place- 
ment and lavish attention to detail 
from original recording session, through 
plating, to the final pressings in Europe. 

If your stereo system is capable of 
outstanding performance, this record- 
ing should find a treasured spot in your 
library. It's currently available at all 
Audio-Technica dealers featuring 
StandarDisc International Reference 
Series'" recordings. Because (like all 
direct -to -disc issues) quantities are limit- 
ed, we suggest you act quickly. 

Telarc 5036 Direct -To -Disc $14.95 
Michael Murray playing The Great Organ in the 
Methuen Memorial Music Hall 
SIDE 1 

Charles -Marie Widor: Toccata in F Major 
(from the 5th Organ Symphony) 

Louis Vierne: Méditation, from 24 Pieces in Free 
Style, Final from the 1st Organ Symphony 

SIDE 2 

Benedetto Marcello: Psalm XIX 
Sigfrid Karg-Elert: Clair de Lune 
Marcel Dupré: Final, Op. 27, No. 7 

Louis Vierne: Prélude, from 24 Pieces in Free Style 

Standarmsc eh INTERNATIONAL REFERENCE SERIES 

Distributed in the United States by 

audio technica 
r i * INNOVATION PRECISION n INTEGRITY 

AUDIO-TECHNICA U.S., INC., Dept. 88A, 33 Shlawassee Avenue, Fairlawn, Ohio 44313 

disc system was again being demon- 
strated, but unfortunately at the time 
of my visit, a few gremlins in the 
system prevented another audition. 
The pop -type music they were 
demonstrating was nice and clean, but 
did little to show the dynamic 
range/signal-to-noise capabilities of 
their PCM system. 

Digital Miking 
Genial Jim Kawada was presiding 

over the JVC demonstration suite, and 
was showing their ever -fascinating Q- 
biphonic sound system, and their 
spanking -new PCM adapter for their 
Vidstar video cassette recorder. The 
PCM unit is very attractively pack- 
aged, easy to operate with a minimum 
of controls. Jim was demonstrating a 
PCM recording of a solo piano, and 
while the piano was very clean with 
superb transient response, it was 
recorded far too closely with the mikes 
too far apart. The result was a 
clangorous sound with phase -shift 
causing some image jumping between 
speakers. Moral ... balances are just 
as important in digital recording as 
they are in analog! Also demonstrated 
was a big band recording, and while 
this too was a very clean sound, it just 
isn't the right material for showing off 
the important PCM attributes of dy- 
namic range and signal-to-noise ratio. 

The Technics room was loaded with 
digital surprises. Here too was a PCM 
adapter for their VHS rotary -head, 
video cassette recorder,. and again we 
found a very compact, easy to operate 
unit, with the usual snappy Technics 
styling. But the real stunner was a PCM 
fixed -head, open -reel recorder based 
on their RS1500 isolated loop recorder, 
using quarter -inch tape at a speed of 
15 ips. However, the recorder has very 
special heads indeed. The record head 
is a common bias, thin-film magnetic 
head, made using photo -exposure tech- 
niques. There are a total of 60 
tracks -30 for the left and 30 for the 
right channel-on the head, and the 
special fabrication permits a common 
bias to be used, with less than a fifth of 
the recording current necessary for 
conventional thin-film heads, making 
it possible to drive all tracks sim- 
ultaneously. 

The playback heads are magneto - 
resistive effect heads. According to 
Technics, "the electric resistance of 
the nickel -iron ferromagnetic thin film 
components changes according to the 
strength of the magnetic field so thata 
high playback output voltage can be 
obtained even without a coil struc- 
ture." Of course, with 60 tracks 
available, dropout countermeasures 
are emphasized with complete parallel 
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As a performer, recording engi- " 
neer, or club owner, you know 
that quality equipment is vital to 

Jteet the 
tandc*rd 

producing consistently - ' 
professional results. 

The "Standard Bearers" 
have earned that reputation for su- 
perior performance, appearance and durability. 
These rugged stands are collapsible, compact and 
each is precisely engineered to meet every demand 
of its specific application. 

The full line includes extra heavy-duty speaker 
stands; anti -shock, height -adjustable, lightweight 

hearers 
and heavyweight floor stands; 
telescoping booms; two-way, 
reading/music stands. Plus a 
complete assortment of stand 
accessories. Every "Standard 

Bearer" is rugged enough for 
"on -the -road" abuse...as attractive 

as it is dependable. A stand is a piece of equipment 
you should only have to buy once. So, buy the best! 

Distributed by: 

iása 

of 
nai Quality... . ÿ 

AKG 
n rnIcrophones, headphones, 

000 U S G I C S} phonocartridges, reverb units. 

PHILIPS AUDIO VIDEO SYSTEMS CORP. 
A NORTH AMFRICAN Fr1IL 'S f;JMP:.N1 

91 McKee Drive, Manwah, N J 07430 (201).52'9-3800 
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processing. As stated by Technics, 
"based on recording the same signal 
on two different tracks (double writing) 
and other methods, even if a section of 
the signal is missing, it will auto- 
matically be checked, corrected or 
compensated for, so that the repro- 
duced sound will still be a precise 
replica of the original." Editing on this 
PCM unit will be possible, which is to 
be expected, but more importantly, 
record/playback monitoring is said to 
be possible. John Woram recorded 
some big band music at the old RCA 
studios in Hollywood using this new 

fixed -head PCM unit, and as played 
back in the Technics room under 
somewhat less than ideal listening con- 
ditions, the sound was strikingly "live" 
sounding, exceptionally clean, and 
singularly free of modulation noise. 
Technics expects to announce price 
and availability of this PCM open -reel 
recorder at the Chicago CE S. 

Automatic Adjustment 
While we are at the Technics room, 

there were several other interesting 
developments in their isolated -loop 
analog tape recorders. There is now a 

The new high-performance "State -of -the -Art" 
Equalizers that set un -equalled Industry Standards! 

SOUNDCRAFTSMEN FIRSTS: 

Si to Invent low -noise home equalizers 
to Invent the 10 -octave pre-amp/equalizer 
to Invent the CLASS H amplifier 
to Invent the high performance 114 dB S/N, 

44 dB range, home equalizer 

EQUALIZERS are used everywhere In the music - 

making chain: by live performers, recording studios, 
mixing consoles, AM and FM stations, and so on. 
In every step, each of the engineers use EQUALIZERS 
to make the music sound the way they think It should 
sound. So alter everyone else makes the music 
sound the way they Ilke It. Its up to you to use that 
same Instrument-THE EQUALIZER-to make the final 
adjustment. and make the music sound the way you 
Ilke It to sound In your own home. 

THE EQUALIZER YOU BUY 
SHOULD HAVE THESE FEATURES: 

We Include oll the accessories and features that are 
a must to make EQUALIZING easy, os well as an 
amazingly rewarding new experience ... An 
ENVIRONMENTAL DO-IT-YOURSELF TEST RECORD 

edited and announced by Soundcraltsmen espe- 
cially for use with the Soundcraltsmen equalizer ... 
COMPUTONE CHARTS for making o record of, and 
resetting In seconds, any desired EQ curve ... a 

Full -Channel FREQUENCY SPECTRUM LEVEL CONTROL 
on each channel for instant "no distortion" In/out 
balancing ... LIGHT -EMITTING -DIODES for precise 
visual signal level balancing... A GRAPHIC DISPLAY 
of each EQ curve . 

FREE 
BROCHURE 

equalizers .9 pre - pes ótl 
-w.--. .._5:. 

Includes TEST REPORTS. complete 
specdlcanons. Class H' °mpur:er 
ENGINEERING REPORT. EO COn. 
PARISON CHART. and the' -WHYS 
u HOws of equblvulmn-on 
easy-tounderstand espldnatlon of 
the relormnshm of acoustics to 
your unwonment Also cnntoms 
many unique IDEAS on ve,HOw the 

measurably 
Eaualuer con 

mmva bly enhance your bstemng 
pleasures - How morn o 

can be eliminated by 
EDn.,t-dtlon, and 010 -POINT 
D0-114 OURSELF-- 

FIND s, so you can FIND OUT FOR 
YOURSELF WHAT FO CAN DO 

DRYot 

GUARANTEED TO IMPROVE YOUR SYSTEM 
MORE THAN ANY OTHER ADD-ON COMPONENT 

RP2215-R SPECIFICATIONS 
IN -OUT MONITORING: Continuous Visual L.E.D. input -to -output level. 
HARMONIC DISTORTION: Less than .01% at 2 V. 
IM DISTORTION: Less than .01% at 2 V. 
SIGNAL-TO-NOISE: a. 114 dB at 10 V output. 

b. 100 dB at 2 V output. 
INDIVIDUAL OCTAVE CONTROLS: (44 dB total adjustment range) 

a. ± 22 dB-each octave (all other octaves set at max.) 
b. ± 15 dB-each octave (all other octaves set at zero) 

EQUALIZER GAIN/CUT CAPABILITY: +32 dB- 38 dB (all controls max.) 
"FREQUENCY SPECTRUM LEVEL" zero -gain controls for each channel. 
FILTER TYPE: Precislan-tuned passive wire -wound inductors 
PRICE: $370.00 (including cabinet) 

RP2201-R SPECIFICATIONS 
SIGNAL-TO-NOISE: 105 dB below full output 
INDIVIDUAL OCTAVE CONTROLS: (32 dB total adjustment range) 

a. ±16 dB-each octave (all other octaves set at max.) 
b. ±12 dB-each octave (all other octaves set at zero) 

EQUALIZER GAIN /CUT CAPABILITY: + 22 dB - 28 dB (all controls max.) 
FILTER TYPE: Op -Amp -Synthesized Inductors 
PRICE: $299.00 (including cabinet). 

OTHER SOUNDCRAFTSMEN HIGH-PERFORMANCE PRODUCTS 

l.14.Lijtrf I i leer 
RP2204-$349.00 RP22124369.50 PE2217-$549.00 PE2217-R-$549.00 MA5002-$799.00 

model RS1520, which is essentially the 
same as the RS1500 introduced last 
year, but completely fitted with Can- 
non XLR connectors for input and out- 
put, plus front panel accessible bias 
and equalization adjustments. Then 
there is the RS1800, using the same 
isolated -loop transport, but with a 
larger record/playback amplifier sec- 
tion, which has a feature which is 

somewhat mind -boggling. How about 
a tape recorder on which you thread a 

reel of tape and then press the Record 
button? There is a red indicator light, 
and if you watch the VU meters, you'll 
see the needles hunt back and forth a 
bit, before settling on the highest 
reading, at which point, a green light 
comes on. What you have just seen is a 
recorder which has automatically ad- 
justed for optimum bias for that par- 
ticular tape! 

Finally, from the digital tape 
recorder front, was the aforemention- 
ed demonstration of the Sony PCM 
unit by Gene Czerwinski. Gene ac- 
quired a Sony PCM privately and a 

new Model 8300 Betamax and pro- 
ceeded to make some jazz/rock type 
recordings in L.A. and Toronto. In all 
honesty they were of really excellent 
quality ... a solid bass end, very clean, 
and very quiet with a lot of presence. 
As played back by Gene at his usual 
robust levels, it was an impressive 
sound. 

As usual these days, in reporting on 
AES conventions, it is undeniable that 
digital doings take the lion's share of 
space, but as the fine cutting edge of 
the art, I feel this is justified. As has 
been evident during the last few con- 
ventions, automated mixing continues 
to advance in console construction, 
and at the 60th, the trend continued. 
As for digital delay units, more and 
more companies are getting into the 
act. One of the pioneers in this field, 
Lexicon had one of the more interest- 
ing units in their Model 224 Reverbera- 
tion Synthesizer. In its "Concert Hall 
Mode," two independent inputs are 
used to create the depth and space of 
three different sizes and shapes of 
halls. The user can control the reflec- 
tivity of the "walls" of the halls in 
three frequency bands with a digital 
parametric equalizer. With the "Depth 
Control," up to 200 milliseconds of ap- 
parent delay before the onset of 
reverberation can be programmed into 
the unit. Sonically, this was one of the 
best simulations of concert hall space I 

have heard thus far. 

Recording Lathes 
With all the talk of direct -to -disc 

recording these days, new disc record- 
ing lathes are welcome indeed. A new 

Manufactured in California, U S.A. by Soundcraftsmen, 1721 Newport Circle, Santa Ana, CA 92705 
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Every Crown audio component 
now comes with a card -sized 
warranty certificate that you can 
carry in your wallet. 

You can take it out once in a 

while and look at it, just to make 
yourself feel good. 

You may never need it for any- 
thing else. 

Crown components don't often 
need warranty service. They are 
renowned for sonic excellence, 
power and long-term reliability, 
even under the most punishing 
conditions. 

But if your Crown unit should 
need service, you want it without a 

hassle. 
That's why we created the Crown 
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D -150A 
(IOC) 
Power 
Amp 

D-75 
Power 
Amp 

DC -300A 
(IOC) 
Power 
Amp 

Care Card, the warranty card that 
ends the arguments. You'll get 
yours soon after you buy a new 
Crown component. It's wallet -size, 

plastic, and will have your name 
and address, the catalog and serial 
number of your Crown component, 
and the expiration date of the 
warranty. 

It's your proof of ownership. It's 

your admittance card for warranty 
service. It's your certificate for what 
we believe is the best warranty in 
the audio business. For three years 
after purchase, a Crown product 
must meet or exceed its original 
specifications. If it doesn't, Crown 
will repair or replace it, free of 
charge. 
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SA -2 
Power 
Amp 

RTA-2 
Real Time 
Analyzer 

DL -2 
Controller 

Crown will also pay all U.S. 
shipping charges - round trip - 
for warranty service. We'll even 
supply a new shipping container if 
the original has been lost. That's 
Crown care. 

It should be obvious that we can 
only offer such a warranty because 
we know from long experience 
how reliable and rugged Crown 
units are. You can buy a Crown 
component with no reservations. 
It's built to work whenever you 
need it. If it doesn't, we'll fix it, 
without argument. 

Visit a Crown dealer soon for a 

complete demonstration. Drop 
us a postcard if you need help in 
finding the nearest dealer. 
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IC -150A 
Pre -Amp 

crown 
1718 W. Mishawaka Road, Elkhart, Indiana 46514 

American innovation and technology...since 1951. 

OC -150 
Output 
Control 
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EQ-2 
Equalizer 

VFX-2A 
Electronic 
Crossover 
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Q. Where should 
you start in your 

search for better sound? 

At the beginning. With 
a new Audio-Technica 

Dual Magnet stereo phono cartridge. 
Our AT12XE, for instance. Tracking smoothly at 
1 to 1-3/4 grams, depending on your record player. Delivers 
smooth, peak -free response from 15 Hz to 28,000 Hz 
(better than most speakers available). With a minimum 
24 dB of honest stereo separation at important mid 
frequencies, and 18 dB minimum separation even at the 
standard high -frequency 10 kHz test point. At just $65 
suggested list price, it's 
an outstanding value 
in these days of 
inflated prices. 

Audio-Technica 
cartridges have been 
widely -acclaimed for 
their great sound, and 
for good reason. Our unique, patented* Dual Magnet 
construction provides a separate magnetic system for each 
stereo channel. A concept that insures excellent stereo 
separation, while lowering magnet mass. And the AT12XE 
features a tiny 0.3 x 0.7 -mil nude -mounted elliptical diamond 
stylus on a thin -wall cantilever to further reduce moving 
mass where it counts. Each cartridge is individually 

assembled and tested to meet or 
exceed our rigid performance 

standards. As a result, the 
AT12XE is one of the great 

bargains of modern technology 
...and a significant head start 
toward more beautiful sound. 

Listen carefully at your 
Audio-Technica 

dealer's today. 

FOUR COILS 
COMPLIANCE 
ADJUSTMENT 
SCREW 

FOUR 
POLE 
PIECES 

ALL 

ej 1 
PIVOT 

THIN WALL 
CANTILEVER 

*U.S. Pat. Nos. 
3,720,796 and 
3,761,647 

DUAL 
MAGNETS 

NUDE -MOUNTED 
0.3x 0.7 -MIL 
ELLIPTICAL STYLUS -_ 

audio technica. 
INNOVATION PRECISION D INTEGRITY 

company called Cybersonics was 
showing a radical departure from the 
usual Scully and Neumann lathes. Very 
shallow in depth, utilizing a direct - 
drive, servo -control turntable, with a 
hollow shaft for vacuum chip removal 
and lacquer disc hold-down, the lathe 
uses a shaft encoder to provide nec- 
essary information to what they call 
their Compu-Drive system for auto- 
matic -mode functions such as head 
drop, lead-in spiral, auto -tape start, 
lead-in termination, lock-out concen- 
tric groove diameter, head lift, and 
auto retract to rest position. Input to 
the Compu-Drive is from the preview 
head and provides updates of two to 
18 times per turntable revolution for 
adjustment of pitch and depth. The 
whole lathe weighs in at just over 250 
pounds, which makes it eminently 
transportable, and therefore a natural 
for direct -disc location recording. A 
micro -processor is said to be in the 
works, which will enable multiple units 
of the DM 2002 lathe to be elec- 
tronically coupled for the generation 
of multiple lacquers. The DM 2002 can 
mount either a Neumann or Ortofon 
cutting head. The unit displayed used 
an Ortofon 732, but was not opera- 
tional. It would be interesting to see 
some test cuts from this lathe, as it 
seems an interesting concept. The old 
pros at Neumann have come up with a 
new model disc cutting lathe, the VMS 
80, which incorporates some of the 
ultra -refinements that have been de- 
rived from Neumann's research on 
videodisc cutting. Direct servo -loop 
drive for both turntable and lead 
screw, presentation of groove geo- 
metry by video screen as well as by 
microscope, built-in automatic band- 
ing unit, safety interlock command 
functions, and aircushion shock 
mounts are some of the niceties. All 
add up to new ease and precision in 
disc cutting in general and the cutting 
of long sides in particular. Importer of 
the new lathe, Gotham Audio, also 
showed their latest Magnetophon 
analog -tape recorder, the Model 15A, 
with up to 32 tracks on 2 -inch tape, op- 
tionally equipped with their Telcom C4 
noise reduction system. 

Willi Studer made a big splash with 
the introduction of his new A 800 
multi -track recorder, with up to 24 
channels, built-in autolocator and 
varispeed and his TLS2000 tape lock 
system. Otari came up with an 8 -chan- 
nel recorder using half -inch tape, and 
this will undoubtedly hold interest for 
the semi -pro market. As always, there 
were scads of interesting new equip- 
ment at the AES convention, but, I 

have had to trim much, in order to pre- 
sent the items of major import. Q 

AUDIO-TECHNICA U.S., INC., Dept. 88A, 33 Shlawassee Avenue, Fairlawn, Ohlo 44313 
In Canada: Superior Electronics, Inc. 
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Which B&W is exactly right 
for you? 
Ideas on perfection differ. Critics, professionals - and dis- 
criminating listeners generally- tend to agree however that 
each B&W Loudspeaker is quite outstanding in its own 
class. Even so, only individual taste and practical consid- 
erations can determine the final choice of model. 

OM4 

046 

B&W DM7- First-born of our new, computer -aided development pro- 
gram. Beautifully engineered, its revolutionary design and superior per- 
formance capability satisfy even the most demanding perfectionist. The 
added "front to back dimension" of the unique DM7 sound is a revelation 
in itself. Almost certainly the finest "small" speaker of the seventies. 

B&W DM6 - Britain's first linear phase loudspeaker. 
New materials and design techniques further enhance 
performance, making the DM6 an immediate world 
trendsetter. The choice of the truly critical listener with 
more flexible listening conditions. 

B&W DM4 - Our most popular model. A winning 
compromise between the demand for large, monitor 
performance and the need for compact size. Produces 
life -like sound levels, even with a 2 x 15 -watt amplifier. 

B&W DM5 - The compact two -unit system which 
consistently beats bigger, much costlier opposition on 
performance. In a thirty-two loudspeaker test for ex- 
ample, it was found to out -perform the majority, the least 
costly of which was more expensive than DM5. 

Every B&W Loudspeaker, even the little 
DM5, is pen -tested and comes with its 

own individual B&K plot. 

Loudspeakers 
one is exactly right for you 

Anglo-American Audio Co., Inc. 
P.O. Box 653 Buffalo, N.Y. 14240 U.S.A. 
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TEAC Mixer 
The Model 2A Mixer is designed for 

multi -channel recording and offers tre- 
ble and bass controls, color -coded 
push/push-type channel -assignment 
buttons, a straight-line fader as level 
control for the input channel, a master 

fader as level control for the output, a 

1/. -in. phone plug for the microphone 
in, and a standard phono plug for the 
line in. Any signal from an input chan- 
nel can be assigned to all output chan- 
nels, and the mixer fits either just 
ahead of the tape recorder or at the 
output of a multi -channel tape 
recorder. Price: $400.00. 

Enter No. 100 on Reader Service Card 

Burhoe Loudspeaker Book 
The 48 -page, illustrated Loudspeaker 
Handbook and Lexicon by Winslow N. 
Burhoe is a vest -pocket -sized loud- 
speaker book containing sections on 
speaker design; basic concepts such as 

frequency response, efficiency and Q 
an alphabetical listing and description 
of 50 of the most commonly used 
speaker terms; negative feedback; dis- 
persion; human hearing, and cabinet 
design. The author is a well-known 
speaker designer and the inventor 
the inverted dome tweeter. Price: $1 

from Dept. A, Burhoe Acoustics, 
Stone Pl., Melrose, MA 02176. 

of 
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Akai Cassette Deck 
The Model GXC-750D cassette deck 

has GX glass and crystal ferrite record 
and playback heads mounted in a 

single head assembly, Dolby noise 
reduction, an automatic distortion - 

reduction system to adjust recording 
equalization at high frequencies and 
suppress intermodulation distortion, 
and a dual -capstan drive system to 
reduce wow and flutter and ensure 
stable tape tension and speed. Fre- 
quency response is 30 Hz -19,000 Hz 
(FeCr tape), with distortion less than 
0.01 per cent. Also featured is a 

memory rewind, index counter, VU 
meters, tape selector control, calibra- 
tion tone button, and a headphone and 
two microphone jacks on the front 
panel. Price: $695.00. 

Enter No. 102 on Reader Service Card 

Verion Tonearm Cables 
Verion Triaxial cables for replace- 

ment of original cables on tonearms 
are claimed to eliminate both inter- 
nally and externally generated r.f. 
noise from power -line to radar fre- 
quencies. The construction features 
silver-plated wire in the shields and the 
return side and potted termination 
construction for extreme durability. 

Type MDA has phono plugs to female 
DIN plug for Formula 4, Stax, and 
similar arms, while type MDD phono 
plugs to male plug are for Grace 707, 
etc. Other types and special lengths 
are available. Prices: 1 meter, $30.00; 
1.5 meter, $35.00; 2 meter, $40.00; 3 

meter, $50.00. 
Enter No. 103 on Reader Service Card 

Robins Microphone 
The Model 48-020 dynamic mike is 

engineered for uni -directional cardioid 
polar response with dual high/low im- 
pedance facility. It features a ball -type 
head with heavy chrome plate, wire 
mesh grill with built-in wind screen, 
threaded microphone head and base, 
and a 16 -ft. cord with a standard 1/4 in. 
molded phone plug. Frequency range 
is 100 Hz to 12 kHz, sensitivity @ 600 
ohms is -64 dB; @ 20 kilohms, -50 
dB ±3 dB. Price: $32.95. 

Enter No. 104 on Reader Service Card 

Avel-Lindberg 
Toroidal Power Transformers 

These toroidal power transformers 
have 50 secondary voltages from 6 to 
40 V in 11 steps, with series, parallel, or 
independent connection options. Five 
nominal load ratings from 15 to 130 VA 

are available, with dual standard 115 
or 230 V primary windings for parallel 
or series operation. They have an 8:1 

lower radiated interference field than 
standard transformers, and can be sup- 
plied with PCB mounting or flexible 
lead terminations. Price: $12.60 ea. 
small or $23.00 ea. large. 

Enter No. 105 on Reader Service Card 

OsawalSatin Phono Cartridge 
The M-18BX moving -coil phono car- 

tridge has a rated output of 2.5 mV, 
which is equivalent to that of conven- 
tional moving -magnet cartridges, and 
therefore can be plugged into regular 
phono inputs. Any input impedance 
from 30 ohms to infinite, including the 
normal 47 kilohms, can be used. 
Previous moving -coil phono pick-ups 
have all required either a step-up 
transformer or a "pre -preamplifier" to 
raise their output level to the point 
where they could be connected to 
standard phono input jacks. Other 
features include: user -replaceable 
stylus, fixed -pivot berryllium can- 
tilever, and magnetic fluid damping, a 

0.1 x 2.5 mil Shibata diamond stylus for 
both stereo and 4 -channel operation. 
The frequency response is from 10Hz 
to 40kHz, and recommended tracking 
force is from 0.5 to 1.5 gram. Price: 
$325.00. 

Enter No. 106 on Reader Service Card 
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Someone to tillyou 
in on the blanks. 

People tell us blank tape has their heads reeling. Basic Blank. 
We know why. Blank tape is a jumble, presenting as 

many confusing options as a Chinese menu. Written in 

Chinese. 
Sony is prepared to make order out of the chaos. And no 

one is more equipped. We've been making tape for 30 years. 
It's how Sony got started. So we know it backwards and 
forwards. Forward and rewind. 

Right now, Sony makes 4 different blank tapes. Each 
has a distinct purpose.We're going to slam through the jargon, 
telling you clearly and specifically, which tape fills which need. 

Others try to make their customers into engineers. We'd 
rather make our engineers talk like our customers. 

Basic Blank. 
The workhorse tape, technically called Low Noise- 

don't trouble yourself why. It's for those times when you just 
want to get it down. 

In school, a boring lecture on "The history of the 
thank -you note through the ages" 

In the office, yet another budget meeting. In the car, 
for your cassette player. 

At home, for your Uncle Iggie practicing the oboe. 

Better Blank. 
While Basic Blank is primarily for speech recording, 

Better Blank is primarily for music. (Its technical name is Hi 

Fidelity, one of the few technical names to explain anything.) 
Better Blank is sensitive to a wide dynamic range- 

which means the lows and the highs. It's particularly valid in 

the bass register-and it won't hurt too much at the cash 
register. 

Better Blank is not Ultimate Blank, but you can still use 
it in a living room, concert hall, or off a record. 

Beautiful Music Blank. 
If you want to sound knowledgeable, call it Chromium 

Dioxide. A thin coating of that substance makes this tape 
loyal and faithful in the high frequency range. 

So piccolos will sound perfect. Lead singers, sublime. 
Use this tape when quality-particularly in the high 

range-is the highest priority. 

Best Blank. 
When the object is the ultimate, and money is no 

object. Officially called Ferri -Chrome, this tape offers 
low distortion and a wide, flat frequency response. 

It combines Chromium Dioxide, to pick up the highs, 
with Ferric Oxide-so the lows reach new heights. There is 

no better tape to reproduce music. 
But do you need Ferri -Chrome? Some say that only the 

Verri -Crazy can tell the difference. But it's nice to know that 
the difference is there-if you have the ears to hear it. 

SONY 
© 1978 Sony Industries, A Division of Sony Corp. of America. 

9 West 57 Street, New York. NY. 10019. Sony is trademark of Sony Corp. 

Better Blank. 

Beautiful Music Blank. 

MAGNIFICENT 
PERFORMANCE 

Best Blank. 

FERRI 
CHROME 

CASSETTE 
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fact: the 1V 
does more... 
much more! 

Era IV begins! The new Shure V15 
Type IV phonograph cartridge is 
an altogether new phono cartridge 
system that exceeds previous per- 
formance levels by a significant 
degree - not merely in one 
parameter but in totality. The Type 
IV offers: 

Demonstrably improved tracka- 
bility across the entire audible 
spectrum. 
Dynamically stabilized tracking 
overcomes record -warp caused 
problems, such as fluctuating 
tracking force, varying tracking 
angle, and wow. 
Electrostatic neutralization of the 
record surface minimizes clicks 
and pops due to static dis- 
charge, electrostatic attraction of 
the cartridge to the record, and 
attraction of dust to the record. 
An effective dust and lint re- 
moval system. 
A Hyperelliptical stylus tip con- 
figuration dramatically reduces 
both harmonic and intermodula- 
tion distortion. 
Ultra -flat response - individu- 
ally tested. 

V15 Type N 
SUPER 
TRaCK1 

Stereo Dynetie» Phono Cartridge 

For complete details on this remarkable 
new cartridge write for the V15 Type IV 
Product Brochure (ask for AL569) and 
read the exciting facts on the V15 IV for 
yourself. 

SF--iURE 
Shure Brothers Inc. 

222 Hartrey Ave., Evanston, IL 60204 
In Canada: 

A. C. Simmonds & Sons Limited 
Manufacturers of high fidelity compo- 

` nents, microphones, sound systems, 
and related circuitry. 

RNS Turntable 
The EST6 turntable features a 3'/2 - 

lb. platter, with the underside ringed 
with stroboscope dots to be viewed in 
a mirror located on the base of the 
turntable; a d.c.-controlled, direct - 
drive, two -speed motor; a bubble level 
built into the top of the turntable base 
to monitor turntable levelling, and feet 

resistant to moisture and temperature 
change so as to minimize turntable 
level changes due to weather. The 
DIN -weighted rumble is -66 dB, wow 
and flutter are 0.04 per cent. Two 
mounting discs are enclosed, one- pre- 
cut for Infinity or SME tonearms; the 
other for use with any tonearm. Price: 
$349.95. 

Enter No. 108 on Reader Service Card 

Beyer Dynamic 
Condensor Microphone 

The 48V Phantom powered conden- 
sor series consists of one preamp/shaft, 
and four interchangeable head cap- 
sules, which include two omnidirec- 
tional and two cardioid patterns, with 
one of each pattern incorporating a 
windscreen. External power supplies 
for balanced and unbalanced opera- 
tion are provided. Price: $99.95 to 
$349.00. 
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Philips Connectors, 
Modules and Kits 

The Neutrik line of XLR-type audio 
connectors, modules, and kits, for use 
in three -pin configurations, have zinc, 
molybdenum, copper, and aluminum 
alloy connector housings, and inserts 
of fiberglass -reinforced, high -tempera- 
ture plastic. Two innovations are a 

one-piece, three -pronged collet clamp 
of heat -treated polyolefin plastic 
which accepts cables from 4.5 mm to 
7.0 mm in diameter, and the inter- 
changeability of components, so as to 
assemble connector combinations for 
in -line pads or filters, balanced -low to 
unbalanced -high impedance conver- 
sion, etc. Price range: $2.90 to $4.65. 
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ESS Loudspeaker System 
The Transar/atd, the first full -range 

Heil air -motion loudspeaker system, 
has a specified frequency response of 
30 Hz -22 kHz, ±3 dB. Midrange and 
high frequencies are handled by a Heil 
air -motion transformer, while the bass 
unit consists of a 32 -in. vertical stack 
of five Lexan (R) diaphragms, intercon- 
nected by four vertical carbon -fiber 
drive rods, and using a series of 
"reflector plates" set at 45 -degree 
angles to redirect the sound to the 
front and rear. A current -source 
amplifier with integral cross -over is in- 
cluded with each system to drive the 
bass unit with constant power 
regardless of impedance loading. 
Within the amp's operating range of 20 
Hz -1 kHz, it is rated at 200 watts into 8 
ohms. Distortion is 0.1 per cent at 
rated output. Price: $3250.00. 
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Pearlcorder Microcassette 
Recorder 

The Pearlcorder S301 microcassette 
tape recorder features two hours of 
recording or playback time, a dual 
speed function, pause control, built-in 
electret condenser microphone, and 
comes with transcriber, remote speak- 
ers, carrying strap, batteries and one 
microcassette. Price: $199.95. 

Enter No. 112 on Reader Service Card 

Tektronix Oscilloscopes 
The dual -trace T932A features a 35 - 

MHz bandwidth at 2 mV/div sensitivi- 
ty, and the T935A, identical in all other 
respects to the T932A, has delayed 
sweep. Each model combines a dif- 
ferential display mode; full sensitivity 

X -Y (ch 1 vs. ch 2);,á:c. or d.c. trigger 
coupling; variable trigger holdoff; ch 1, 
ch 2 or composite triggering, and selec- 
table chop/alternate display modes. 
All critical active components are 
pretested, and modular circuitry 
simplifies calibration and repair, cut- 
ting costly downtime. -A pair of 10X at- 
tenuation probes are included with the 
instruments. Price: T932A, $1155.00; 
T935A, $1435.00. 

Enter No. 113 on Reader Service Card 
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fact: 
you get a free bonus T- Shirt 
when you purchase either 
a V15 Type IV or aV15 Type III 
Super Track cartridge! 

r - 

L 

Join the exclusive Super Track Team 
and show your colors. 

That's right. If you buy either a Shure V15 Type Ill 

or V15 Type IV cartridge between now and 
September 15, you get a Shure designer "T" shirt 

FREE. You'll receive Super TRACKABILITY for your 
records, and an eye-catching 100% cotton Shure 

designer "T" SHIRT for yourself! Our "T" is an 
original - with an exclusive, contemporary full -color 

Shure collage up front. 

Super Track: 
The winning team. 

Shure phonograph cartridges are known and acclaimed 
the world over for superior performance, ultra -flat 

response, rigidly uniform quality, and above all, for 
unparalleled trackability. The Super Track cartridges are 

the best phonograph cartridges Shure makes ... and the 
best -performing cartridges you can buy anywhere, regardless 
of how much you spend. The V15 Type IV opens a new epoch 

in high fidelity history and sound reproduction excellence. A 

premium cartridge in all respects even among premium 
cartridges, it knows no equal and has no rival. And, the V15 

Type Ill is second only to the Type IV! 

Fill out this coupon and send it to: 

Shure Brothers Inc. 
222 Hartrey Ave. 
Evanston. IL 60204 
Attn: Department 63-T E 

Please send me my Shure T-shirt. Enclosed are the two end flaps of the 
box my Super Track cartridge came in, and 50d for postage and handling. 
My T-shirt size is... 

El Small E Medium E Large Extra Large 

Name 

Address 

City State Zip 

Please allow four to six weeks for delivery. Limited to one Shure Designer 
"T" Shirt per customer. Offer expires September 15, 1978. 

Shure Brothers Inc., 222 Hartrey Ave., Evanston, IL 60204 
In Canada: A. C. Simmonds & Sons Limited 

Manufacturers of high fidelity components, microphones, sound systems and related circuitry. 

Enter No. 39 on Reader Service Card 
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Loudspeakers 
designed for 
your room 

ALLISON 

Hoorn matched 
loudspeaker ..a:S fr, rr1 

Allison Acoustics has consolidated, in 
a new publication, information on all 

32 Allison loudspeaker systems with a 
description of the room -matching 
principle. 

An introductory section explains why 
loudspeakers designed for flat 
response in anechoic chambers (the 
usual procedure) cannot be flat in a lis- 
tening room, and how the design of 
Allison Room -Matched'" speaker sys- 
tems enables them to generate flat 
power output in a real room. 

An entirely new class of direct -radia- 
tor drivers has been developed for use 
as mid -range and tweeter units in Alli- 
son systems. They employ convex dia- 
phragms driven centrally. In the case of 
the tweeter, the diaphragm is forced to 
flex in a manner simulating the motion 
of a pulsating hemisphere. This yields 
high acoustic output combined with 
almost perfectly uniform dispersion up 
to 20 kHz. The operative principle is 
described in the catalog for the first 
time. 

The rest of the catalog is devoted to 
descriptions of the four Allison models, 
a statement of Full Warranty for Five 
Years, and what we believe to be the 
most comprehensive set of mechani- 
cal, electrical, and performance speci- 
fications ever published on loud- 
speaker systems for consumer use. 

A free copy of the catalog, review 
reprints, and a list of Allison dealers are 
available on request. 

ALLISON ACOUSTICS 
7 Tech Circle, Natick, Massachusetts 01760 

Enter No. 2 on Reader Service Card 

Wrightwood Engineering 
Speakers & Tables 

Speakers and tables matched in 
Mediterranean, Provincial, Campaign, 
Modern styles and finishes are offered 
in three sizes for the speakers, which 
will handle the output of most re- 
ceivers. The tables are available in the 
30- and 60 -in. sizes. Prices: Speakers 
from $180.00 to $360.00, and the 
tables, $130.00 and $185.00. 

Enter No. 107 on Reader Service Card 

Pyramid Amp/Equalizer 
The X-700 integrated ampli- 

fier/graphic equalizer for automobiles 
accepts signals from AM/FM stereo, 
cassette, and 8 -track players. The 
seven -band equalizer controls are 
center-detented at 60, 150, 400, 1000, 

2400, 6000, and 15,000 Hz and cover a 

24 -dB range; a front -to -rear fader 
allows balancing of front and rear 
speaker outputs, and the On -Off LED 
readout indicates selection of the 
stereo bypass mode. Price: $124.95. 

Enter No. 114 on Reader Service Card 

Hitachi Turntable 
The PS/58 two -motor, two -speed, 

direct -drive system features a new uni - 
torque, d.c.-servo, direct -drive motor 
whose shaft is coupled directly to the 
heavy, die-cast aluminum platter. A 
fine tuning system allows of speed and 
pitch ± 2.5 per cent. A second 16 -pole 
synchronous motor powers the opera- 
tions of the S-shaped tonearm, which 
features stylus force control through a 

counterpoint, anti -skating, viscous - 
damped cue control, and standard 
head shell allowing for a choice of car- 
tridge. Wow and flutter is specified at 
0.025 per cent, S/N ratio 74 dB. Price: 
$299.95. 

Enter No. 115 on Reader Service Card 

Beveridge Control Module 
The Model CM -1 control center can 

be inserted between the preamp and 
amplifier or in the tape monitor loop, 
and features tonal compensation in 
the top and bottom octaves through 
use of a "spectrum slope" and a multi- 
step "lateral control." The frequency 
response is specified to be from 10 Hz 

to 30 kHz, "±0.25 dB;' THD' and IM 
distortion are 0.002 per cent; input im- 
pedance is 240 k; spectrum slope con- 
trol "soft" is +2 dB at 40 Hz and -2 
dB at 10 kHz; spectrum slope control 
"bright" is -2 dB at 40 Hz and +2 dB 
at 10 kHz, and the bass environment 
control permits the gain at 40 Hz to be 
±4 dB. Price: $300.00. 

Enter No. 116 on Reader Service Card 

Phasor Phono Spec Booster 
The Phono Spec Booster uses three 

integrated circuits, equivalent to 42 
transistors and 12 diodes in a separate 
high quality phono stage for use with 
middle and low level receivers. Depen- 
ding upon the receiver, the S/N ratio 
can be improved as much as 20 dB. 
THD is 0.09 per cent at 1000 Hz 
reference, S/N ratio is 86 dB "A" 
weighted, output clipping voltage is 26 
V p -p, RIAA accuracy is ±0.5 dB. 
Price: $75.00. 

Enter No. 117 on Reader Service Card 

Elite Systems Loudspeaker 
The Magnum Opus loudspeaker 

system features a dual cabinet design. 
The upper frequency section consists 
of a mid -range driver with a 30 -in., 
cast -aluminum re-entrant exponential 
horn, complemented by a 20 -watt 
sonophase diffraction -horn tweeter. 
The bass section is made up of a 15 -in. 
driver front -loaded into a 48 -in. horn 
which terminates at a 6 sq.-ft. mouth. 
The crossover network is a three-way, 
constant -K design, with crossover 
points at 450 and 3500 Hz. Power 
handling capacity is from 10 to 130 
watts. Price: $690.00. 

Enter No. 118 on Reader Service Card 

IMF Electronics 
Monitor TLS -80 MK 11 

This transmission line loudspeaker 
system incorporates acoustic foam, 
such as is used in anechoic chambers, 
to produce a "wedge effect" where the 
maximum surface area is exposed to 
damp the line yet provide a minimum 
of restriction. The separate midrange 
line is similarly terminated. The four- 
way system uses a flat polystyrene 
bass unit, 11' by 8'/, in., a 6 -in. plastic 
cone midrange, a 1' in. tweeter, and 
) in. super tweeter, with crossovers at 
350 Hz, 3 kHz, and 13 kHz. Forty watts 
of p(nk noise produce 98 dB SPL at 1 

meter. Price: $850.00. 
Enter No. 119 on Reader Service Card 
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The one alternative to separates: 
The Yamaha CA -2010 Integrated Amplifier. 

PHONO 
SELECTOR 

PHONO I 

47xft 
MC 

1 
88Rß 

PHONO -2 
47KO 

The Head Amplifier. Discerning music lovers all over the world are discovering the transparent 
highs and extended frecuency response of the moving coil phono cartridge. While other manufac- 
turers require the addition of an expensive preamp or step-up transformer to boost the low output 
signal, Yamaha included a special head amplifier in the CA -2010. It's available with the flip of a switch 
on the front panel. And to help you get the most out of moving magnet cartridges, there s a 3 -position 
phono impedance selector. 
The Preamplifier. To assure exact, repeatable bass and treble settings, the controls are precision 
calibrated in V2dB steps. Dual turnover frequencies for both ranges double the versatility of these 
accurate tone controls. Completely independent Input and Output Selectors let you record one 
source while listening to another. And the power meters are easily switched to REC OUT readings in 

millivolts, so you can monitor the actual output level to your tape deck for cleaner, 
distortio 3 -free recordings. 

REC OUT 
SELECTOR 

INPUT 
SELECTOR 

REC OUT OFF 
TUNER I PHONO TUNER 

/ 1 

AUX,, ylr8-BAUX, 
TAPE 
COPY 

-24 

OPERATION 

NORMAL 

U 

-96d11 S/N 

PHONO 

/ TAPE vv'E PE 

21 

ri NORM. 

The Power Amplifier. 120 watts RMS, with no more than 0.03% THD 20Hz to 
20,000Hz into eight ohms. 

For tighter, cleaner bass response, the amplifier can be switched to DC operation. 
Class A operation is switchable on the front panel, delivering 30 watts RMS, with no 

more than 0.005% THD 20Hz to 20, 000Hz into eight ohms. 
The twin power meters are fast -rise, peak delay-they can track even the briefest of 

transient bursts. Plus they can respond to levels from 1mW to 316W (into eight ohms). 
Real Life Rated?"' The specifications of the individual components of the CA -2010 are 
superior to many separates. Individual specifications alone, however, can't possibly 
reflect actual in -system performance. That's why Yamaha measures overall perform- 
ance from phono in to speaker out, rather than at designated points along the signal 
path. Furthermore, we measure noise and distortion together over a broad output 
range, rather than individually at the optimum output. 

Our Real Life Rated measurement is called Noise -Distortion Clearance Range 
(NDCR). On the CA -2010, NDCR assures no more than 0.1% combined noise and dis- 
tortion from 20Hz to 20kHz at any power output from 1/10th watt to full -rated power. 
Superb tonality from a musical tradition of technical excellence. The tonal 
accuracy of our audio components is referenced to the same standards used to evaluate 
the tonal accuracy of our world-renowned musical instruments. The result is a rich, 
clear tonality that is unknown elsewhere. You really must hear it. 

You really must hear the same resolutely accurate music reproduction available from 
all four Yamaha Integrated Amplifiers and four superb 
tuners. All are made to a single standard of 
excellence-a standard rooted in a 90 -year tradition of 
musical perfection. 

For a personal audition of the new Yamaha CA -2010, 
as well as the rest of our complete line of components, 
just visit your nearest Yamaha Audio Specialty Dealer. 
If he's not listed in your Yellow Pages, drop us a line. 

YAMAHA 
Audio Division, P.O. Box 6600, Buena Park, CA 90622 

OYAMAHA ,ATI IRAI SOaINO STEREO AMPI iFIER M000E. PHONO RECLI NRUT 
SELLCTOR [SELECTOR 6EiECTpR 

POWER PHONES SPEAKERS OPERATION SIIBEIONCC HIGH TONE CONTROL. AIAIO 
ESTER FILTER .--BA53-, r- TREBLE - . !JILTING 

VpLumE-)-6nLANCE 

©1978 YAMAHA INTERNATIONAL CORP. 
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34 Now, enjoy freedom from acoustic feed- 
back with the new AT605 Audio Insulator 
System from Audio-Technica. 

Add the AT605 System and stop howling 
from feedback at high sound levels, reduce 
distortion or cartridge mistracking from sound 
energy conducted from speaker to turntable. 

Solve problems of outside vibration 
like subways, heavy trucks, or jarring foot- 
steps. Or reduce transmission of annoying 
sound to adjacent apartments with the AT605 
System under your loudspeakers. Gain new 
freedom of speaker placement, and improve 
performance especially of high-energy, 
low -frequency transients. 

The slightly -curved 
bottom surface of each 
AT605 flattens asweight 
increases so that only 
the right number and 
size of resilient rubber 
projections support 
your equipment. Four 
insulators support up to 
36 lbs. (9 lbs. each). 

The felt -covered upper support is easily 
adjusted for accurate leveling. A precision 
bubble level is included. And each unit is 
enclosed in an attractive brushed chrome 
housing. 

If feedback limits the quality of your 
system, or restricts your choice of equipment 
location, the AT605 Audio Insulator System 
can help.rsAt allt24.5 

suggested 
ca 

dealers for just $24.95 suggested 
retail. Win the fight 
against feedback 
todayl 

CDaudio technica, 

INNOVATION PRECISION o INTEGRITY 

AUDIO-TECHNICA U.S., INC. 
Dept: 88A 33 Shiawassee Avenue 

Fairlawn, Ohio 44313 
In Canada: Superior Electronics, Inc. 

Dear.tor 

OSHA Beware 
Dear kindly editor: 

I was fortunate enough to have one 
of the prototypes of the Lirpa "VDRS" 
Vehicular Disc Reproduction System 
for a short trial period earlier this year. 
It is a very impressive system. The only 
real problem was with the rather high 
level of microwave energy radiated by 
the unit. However, if the precautions 
outlined in the "Consumer Safety 
Notice" section of the review are 
taken, then no great health problems 
should result. 

However, this was not sufficient for 
the "feds." Both the OSHA and the 
EPA offices in our area moved in on 
our laboratory shortly after we turned 
on the VDRS. OSHA wanted us to put 
special guards around the VDRS to 

protect the workers in the lab, and also 
to require that all personnel wear pro- 
tective clothing. Then the EPA folks in- 
formed us that, while the emissions 
from the VDRS do not, at first glance, 
seem to be covered under the federal 
vehicle pollution control laws, they 
would try to find some way to regulate 
the VDRS. 

I believe that the actions of both of 
these groups are wrong, and encourage 
all loyal "Lirpa-philes" to write to their 
elected officials in protest. Don't let 
the same thing happen to the VDRS 
that happened to those fine old 427-, 
440-, and 454 -cubic -inch engines. 

R.M.S. Watts, B.S. 
Nashville Audible Group 

Nashville, Ind. 

Abraham B. Cohen 

Abraham B. 
Cohen, recently 
made a Fellow of 
the Audio Engi- 
neering Society 
for his contribu- 
tions to loud- 
speaker technology, 
passed away on 
March 21, 1978. 
Mr. Cohen, born in 
Boston, Mass. in 
1910, began his involvement with 
music as Concert Master of the Boston 
Civic Symphony Orchestra. He re- 
ceived a BSEE degree cum laude 
from Northeastern University, did 
graduate work at the University of 
Pennsylvania, and became a Pro- 
fessional Engineer (Eminence basis) 
in New York State. 

During his career, Cohen was 
Concert Broadcast Engineer for 
WCAU and KYW in Philadelphia, 
handled construction and operation 

of New York FM 
station W75NY 
(now WBAI), and 
spent nearly 25 
years at University 
Loudspeakers as 
lab supervisor, 
chief engineer, en- 
gineering manager, 
and vice-president 
of engineering. He 
was also manager 

of the Acoustic Department of Instru- 
ment Systems Corp., and served as 
European liason, director of engineer- 
ing, customer application consultant, 
and in new product design for Polydax 
Speaker Corp. His interests included 
both creative and administrative 
work in music and the musical theater 
and engineering instruction. He was 
AES convention chairman twice, 
contributed papers to the AES Journal 
and served on IEEE and Electronic 
Industries Assoc. standards committees. 
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Is 
seetince Have you noticed that news has largely been 

replaced by the staged Media Event, the Official 
Handout and the Public Relations Campaign? 
If so, it's time you discovered the missing link 
between what's going on in the world and what's 
being printed in the press: NEW TIMES, 
America's first feature news magazine. 

Every other week, NEW TIMES publishes 
insightful and incisive articles on the otherwise 
unreported events that are really shaping our 
lives. Thanks to the hard-nosed reporting and 
finely crafted writing of our contributors, we've 
dropped more than our share of media bomb- 
shells, and caught the other news magazines 
with their deadlines down. 

NEW TIMES exposed the dubious wit and 
wisdom of Earl Butz, costing the Secretary of 
Agriculture his job and possibly Jerry Ford the 
'76 election. 

NEW TIMES alone bothered to interview 
SLA leaders William and Emily Harris in their 
jail cells during the Patty Hearst trial, coming 
up with testimony that blew Patty's defense to 
bits and led to her conviction. 

NEW TIMES went to Washington and 
discovered a Capitol Hill lifestyle better suited 
to the ancient Roman Senate than the U.S. 
Congress. From lavishly appointed offices to 
dollar haircuts to outrageous freebies, the 
Imperial Congress is living it up, courtesy of 
your hard-earned tax dollars. 

And in two especially shocking NEW TIMES 
cover stories, we learned that aerosol cans and 
our own drinking water may wipe us out before 
the neutron bomb ever gets off the drawing 
board. 

News of the world, news of the nation, sports, 
the arts, politics, lifestyles. From backstage 
scoops to front page leaks, NEW TIMES 
consistently gets behind major stories ahead of 
other major publications. 

Send in the attached card to take advantage 
of our special introductory offers...both at only 
half the regular $1.00 newsstand rate. That's 19 
issues for $9.50 or 26 issues (one full year) for 
just $13.00. We guarantee you the right to renew 
your subscription at half the prevailing news- 
stand price-forever. 

NewTumes 

For immediate service 
call: 800-247-2160 
In Iowa call: 1-800-362-2860 
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T 
he use of crossover networks is based on the idea 
that two loudspeaker drivers must be better than 
one. Although a great number of listeners achieve 
"acceptable" sound using only one loudspeaker 

driver, the advantages of sharing the spectrum between two 
or more specialized drivers seem obvious. The response 
should be flatter, since each loudspeaker is required to per- 
form well over a comparatively limited range, and the cross - 
modulation distortion should be lower, whether it is caused 
by Doppler effect or simple amplitude limitation. Yet, the 
more one goes into the problems of multiple speakers and the 
networks crossing over the signals between them, the more 
remarkable it seems that they so often produce worthwhile 
results, using the rough design methods most generally ap- 
plied. 

We propose below to approach the general problem of 
crossover networks from first principles, questioning the com- 
fortable assumptions that are usually, and often unjustifiably 
made, hoping to reach a better understanding of the prob- 
lems and through it, a more reliable method of design. 

We will discuss the problem in its simplest form, crossing 
over between two loudspeakers, as in Fig. 1 (a). Three-way, 
four-, or five -way systems are best handled as trees which 
divide into only two limbs at any one time. Thus, the four-way 
system of Fig. 1 (b) divides, initially, into two paths for high 
frequencies and low frequencies. Then the high region is split 
once again into the mid highs and the upper highs, while the 
lows divide into the bottom lows and the mid lows. Thus, the 
problem is split into designing three separate two-way cross- 
over networks. 

Although we are discussing crossovers in general, I must 
here and now declare my preference in favor of passive 
crossover networks. The purpose of crossovers, either active 
or passive, is to shape the spectra of the signals to the two 
outputs or speaker drivers, and the same shaping respónses 
will often be used with active and passive crossovers. 

The active crossover has the advantage in that it can be 
changed with comparative ease. This is most useful when dif- 
ferent driver systems must be handled, and particularly in ex- 
perimental work. Besides, the same advantages of handling 
different parts of the spectrum in different devices apply to 
amplifiers, as well as to loudspeaker drivers, though with less 
force. Nevertheless, a high -quality amplifier is expensive, and 
with the cost nearly doubled for stereo and doubled again for 
quadraphonic, this makes one hesitant about doubling it yet 
again for bi-amping, even though I know that some will not 
agree with this. Perhaps, one day I will be satisfied that a bi - 
amp pair using a common power supply can be made at a 

price similar to a single amplifier with equal ease. Then I may 
retract, but in the meantime... . 

E 
ven when a passive crossover uses large capacitors 
and inductors with large quantities of copper, it will 
always be lighter and less expensive than a second 
high -quality amplifier, and unless one is careless 

with the inductor core material, its linearity is beyond ques- 
tion. Besides, it is easily mounted out of sight in the 
loudspeaker cabinet. 

With that opinion declared, we will now concentrate on 
the Butterworth -type responses invariably used in almost all 

passive crossover networks. Even so, Butterworth responses 
are the most widely used in active crossovers also, though by 
no means the only ones possible. 

The response of a filter or any device in fact whose 
response varies with frequency, such as an amplifier, can be 
described by the ratio of its output voltage to its input 
voltage, in terms of a polynominal in w, the angular fre- 
quency, i.e. 2w f, 

bo (1) 
e"", 

¡ / \ 
l¡ 

e'" 
b0 

+ 
bi 

\Wo / + b2 ( IZ + ... -F b" 
S 

y 

Any reader who feels threatened at this stage by such a 

long algebraic expression is begged for a little patience. If 
such algebra seems quite impenetrable, remember that there 
are many to whom Indian music, Haydn, Britten, or Prokofiev 
are equally unapproachable, and many more to whom they 
are a joy. 

T 
he above equation is at its most formidable because 
we have made it as general as possible. In fact, the b 

coefficients are simply numbers and they determine 
the shape of the frequency response. We vary the 

shape of the frequency response by varying the b coeffi- 
cients. 

Again, bo is often unity; if it is not we can divide through 
numerator and denominator to make it so. We then have a 

new set of b coefficients (b,/bo), (b,/bo), etc. The parameter wo 

is the angular form of the characteristic frequency fo such 
that 

wa = 2wfo (2) 

and it sets the position of the response in the frequency spec- 
trum. For many purposes we would prefer the last term of the 
denominator in the form (s/wo,)", particularly when bo is unity, 
so we could rewrite the expression again in terms of a new 
characteristic frequency with 

1 \" b" or 
W01 J (coo)" 

(3) 

and readjust the other terms accordingly. This apparently 
trivial arithmetic manipulation can be a great help in getting 
the polynomial into a recognizeable shape, and recognition 
of response shapes from the pattern of coefficients comes 
fairly readily once one is familiar with some of the basic 
polynomials. 

Such manipulation is quite straightforward. Not long ago it 
was also very tedious, time consuming, and subject to human 
error, but nowadays it has become magically simple with the 
advent of electronic calculators, particularly the program- 
mable ones. With s in the denominator, the expression is in 

the operational form that can be manipulated using the 
Laplace transform to give the transient response, the shape of 
the output waveform to any given input waveform. This is 

especially useful to engineers working in television or radar. 
But in audio, where we are mainly interested in amplitude 
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HF 

-r 

Fig. la-Dividing networks for a two-way system. 

HF 

LF 

and phase response, we write jw for each s and equation 1 

takes the form: 

emit 

e;" 

bo 

iw 
bo + bt 

\l wo / + b2 \wo )2 
+ ... + b" ()n 

First because the expression (w/w") appears so often and is a 
ratio, a pure number that is called normalized frequency, we 
allot it a symbol of its own 

(4) 

(w/wo) = a (5) 

This makes things easier for the reader once he is used to it. 
It is also a boon for long suffering typists and typesetters! 
[Editor's Note: And editiors and proofreaders!] 

40 Now, j is the mathematical abstraction V--1. It was used by 
Steinmetz in a.c. theory to define quadrature or "imaginary" 
components, though their contribution is just as palpable as 
the in -phase, so-called "real" components. Then substituting 
in equation 5 and using the properties of j that j2 is -1, j3 is - j, j4 is +1, and j5 is +j, and so on, and finally grouping 
"real" and "unreal" components, we can easily derive an ex- 
pression for the phase angle ß between input and output: 

b,a-b3a' +btas - 
tan ß - 

bo - b2a2 + b4a4 - ... (6) 

and also the amplitude response in terms of the modulus 
squared: 

I eo" 12 co 

e;" co + cta2 + c2a4 + . . . c"a2n 
(7) 

where co is obviously 1)20; c, is seen to be b., - 2b0b2, c, is b22 

-2b,b, + 2bob, and so on, with c" equal to b n. 

Fig. 2-The Butterworth 
responses for the first, 
second, and third order. 

6dB/OCT. 

12dB/OCT 

IBdB/OCT 

f -fo 

a 

Fig. lb-Dividing networks for a four-way system. 

HMF - 
LMF 

LE 

Taking stock, we now have an expression for the amplitude 
vs. frequency response. This contains only even powers of a 
which we nominated in equation 5 as the frequency f 
"normalized" to a characteristic frequency fo, i.e. a pure 
number. The expression also contains the coefficients co c2 

c" which again are pure numbers. 
The highest power of s, and thus of a2, is n which is the 

"order" of the filter and also is the minimum number of 
reactances needed to make a filter in practice. Thus, one 
cannot build a third -order filter with fewer than three 
reactors, either two inductors and one capacitor or two 
capacitors and one inductor, or in the case of an active filter, 
three capacitors, along with suitable resistors. 

The reader may have noticed that the response in equation 
1 is unity at a low frequency when a is very small. It could 
denote either a passive or an active filter. Again, the response 
becomes smaller and smaller as a increases, obviously a low- 
pass filter. 

For a high-pass filter, (s/w0) in equation 1 is replaced by 
(wo/s). Then in equation 2, (jw/wo) would become (coo/h.)), and 
when equations 4 and 5 are applied to a high-pass filter, a 
becomes (1/a) in every term. 

We have by now established the form of the amplitude 
response consisting of a single number numerator with a 
denominator that is an algebraic expression, a polynomial in 
powers of a2. A response can, of course, have polynomials in 
both the numerator and the denominator, and these are 
sometimes used in active crossovers, but we again limit our 
field of inquiry by ignoring such responses, for the moment at 
least. 

In 1930, Butterworth (1) realized that if all coefficients in 
equation 7 are properly chosen, then the resulting amplitude 
response, now associated with his name, 

e" t 
e;" 1+a2n 

1 

(8) 

has some rather special properties. First and most important, 

Fig. 3- Chebychev 
responses of 

the third order. 

(i+ 34K)2 

(I+3/4 K)2 

2(1+3/4 K)2+K/16 

I Amplitude 
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it is "maximally flat." In other words, the response in the pass 
band stays flatter longer than any other smooth, monotonic 
response of order n before it finally starts to attenuate. The 
squared modulus of the response passes through '/A, i.e. is 

3dB down, at fe and falls after that at a rate which tends more 
rapidly than any other to the utlimate, asymptotic, slope of 
6n dB per octave, or if you prefer, 20n dB per decade. 

While the Butterworth (maximally flat amplitude) response 
is the sharpest monotonic response of order n, it does not 
afford the fastest cut off around the transition frequency or 
the steepest slope in the region just beyond. Filters based on 
polynomials first described by Chebychev, or Tschebyscheff, 
or other spellings depending on how you prefer to trans- 
literate Russian cyrillic script, produce a response which 
ripples at first, extends further out, and then attenuates more 
rapidly before finally taking up the same ultimate slope. The 
denominators include expressions which go to zero at some 
frequencies making the response ripple back to its d.c. value. 

The manner in which the use of a Chebychev filter 
produces ripple, plus a widening of bandwidth plus a more 
rapid initial slope, is shown schematically in Fig. 2. But again 
Cheybchev filters are not used in crossover networks and we 
leave them too by the wayside. Interested readers are 
referred to ref. 2. The important point is that Butterworth - 
shaped filters do not cut off as sharply as some other filter 
shapes of the same order, Chebychev filters, or even better 
Cauer filters, using elliptical functions. But they have the 
fastest cut-off of any monotonic, i.e. smooth, curve of that 
order. 

However, the Butterworth filter has another advantage. 
42 Suppose we divide the spectrum into two parts using a pair of 

Butterworth filters, one high pass and one low pass, but both 
with the same cut-off frequency, f0. Then we can write the 
two responses, again using a as the normalized frequency, the 
ratio between f and fa, as 

le /e ou r t nIz low pass = 1/[1 + azn] 

leout/einlhighpass = 1/[1+ (1/a2n)] 

=azn/(l=a2n1 

Then summing the output powers from the two filters 

Ieout/ein Iz low pass + Ieout/ein 12 high pass = 

Fig. 4a-Responses of a Butterworth 
pair of filters with conventional 
scales- logarithmic in amplitude 
and frequency. 

to 
Log Frequency 

(9) 

(10) 

(11) 

Thus, a properly designed pair of Butterworth filters can 
divide the power from the amplifier into two bands without 
loss and also present to the amplifier a constant load im- 
pedance across the whole band. This can be seen graphically 
in Fig. 4. The familiar view (a) has both scales, for amplitude 
and frequency, plotted logarithmically. This shows well how 
each filter goes rapidly from the pass -band with flat response, 
to the stop band where the attenuation soon reaches a cons- 
tant rate of increase of 6n dB per octave. 

But with the same curves plotted in (b) on linear scales of 
power (i.e. of amplitude squared into a constant resistance), it 
is easier to see how the two power spectra are complemen- 
tary and add to a constant sum at all frequencies. 

This use of the whole power from the amplifier and the 
constancy of load impedance presented to the amplifier out- 
put makes the Butterworth filter ideal for crossover networks 
in general, especially passive ones. Again, the Butterworth 
shape is not the only one possible for a crossover network ab- 
sorbing constant power. The Cauer or elliptical function filter 
allows a much more rapid transition from the pass band to 
the stop band, with a null response (given ideal components) 
not far into the stop band. However, it needs more reactive 
components. Thus, realistically, one must compare a Cauer 
filter with a Butterworth filter containing an equal number of 
reactances, capacitors and inductors. 

Then, in general terms, with filters of the orders likely to be 
used, or afforded in loudspeaker systems, both Cauer and 
Butterworth filters give similar attenuations in the region of 
the following maximum, e.g. f4 for the low-pass filter in Fig. 1 

(c) and f, for the high-pass filter. The attenuations of the 
Cauer filters are greater nearer the crossover, hence they are 
more tolerant of drivers with dubious response a little out of 
band. But, beyond f. (or f2) their attenuation is not so great, 
hence they are less effective, for example, in keeping down 
the excursions of the tweeter with lower frequency signals. 
Besides their phase disturbance is greater. Thus, while one 
hesitates to rule out Cauer networks altogether, they seem to 
confer little advantage and have not been used, to my 
knowledge, in the past. 

Butterworth -type crossover networks are shown in Fig. 5 in 
a form suitable for design. Cauer-type networks are shown in 
Fig. 6 for a comparison. Networks of orders up to three, as in 
Fig. 5, are likely to be most useful. However, fifth -order net- 
works have been described (3) and are used by at least one 
manufacturer. 

Fig. 4b-Responses of a Butterworth 
pair of filters with a linear scale 
(i.e. amplitude squared) and 
logarithmic for frequency. 

Log 
Amplitude 

A 
6d8 

PER OCT 

fo 

Log Frequency 

3dB 

Fig. 4c-Responses of a pair of 
Cauer filters for comparison 
with linear scales for power and 
logarithmic for frequency. 
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Amplitude Response of Summed Signal 
We have seen that the sum of the powers out of a pair of 

Butterworth filters with the same cut-off frequency is cons- 
tant. But it does not follow from this that the sum of their 
amplitudes, which depends on phase relationships as well, is 
constant also. When two signals of equal amplitude are add- 
ed together, the amplitude of their sum will be twice, e.g. 6 
dB higher, if they are in phase, only 3 dB higher if they are 90° 
apart, and will be zero, a null, if they are 180° apart. 

So let us see what happens when we add the outputs of two 
Butterworth filters, high pass plus low pass. Consider first the 
very simplest filter order pair in which 

(eout/eie)iowpass =1/(1 + sT) (12) 

(e°°t/ei°)high pass = sT/ (1 + sT) (13) 

Fig. 5-Butterworth-type dividing networks. First 
order (a) parallel, (b) series; second order (c) parallel, 
(d) series, and third order (e) parallel, and (f) series. 
Component values are normalized for Ro = I ohm 
andwo = 1 radianlsecond. For actual component 
values, multiply inductances by Rolwo for Henries 
and capacitances by 11w,Ro for Farads. Thus, when fo 

is 1 kHz (hence 11wo is 160 micro -seconds) and Ro is 8 

ohms, multiply inductances by 1280 µH and 
capacitances by 20 µF. 

1.414 

1.500 0.500 

1 
R° 

R° 

(f) 

0.707 

1.333 

R° 
1.500 0.500 

0.750 

R° 
2.0001 

then the sum is 

[emit 1 1 e 
sum = + 

sT 1 + sT 

1 + sT 1 + sT 1 + sT 
= 1 (14) 

In other words, the response of the summed signal is com- 
pletely flat across the whole band. Unfortunately, this is the 
only case in which the response is completely flat. Now con- 
sider what happens when we subtract two first order 
responses, i.e. we add them out of phase by reversing the con- 
nections to one driver. Then 

e°ut 

e1°sum 
l 

1 sT 1 - sT 
(15) 

1 + sT 1 + sT 1 + sT 

This is an all -pass response, i.e. its amplitude response 

Bout 
2 1 + (wT)2 

I ein 
(16) 

sum 1 + (owT)2 
=1 

is still quite flat, but now the phase angle between its output 
and its input 

ß = 2 arc tan w T (17) 

swings from zero at low frequencies to 180° at high frequen- 
cies. This can be considered alternatively as a time delay 

Tgroup =dß/dw=2T/(1+CO2 T2) (18) 

which varies from 2T (T being equal to 1/(2irfe), e.g. 160 µS 
when fe is 1 kHz) at low frequencies to zero at high frequen- 
cies. This involves us of course in the whole vexed question of 
time delay. Is it important? It has been pointed out before 
that a delay differential obviously does matter if it is large 
enough, if the highs arrive today and the lows arrive tomor- 
row. What then is the smallest delay difference than can be 
perceived? Is 320 µS, the time sound takes to travel 10 cm in 
air, important? Or half that? Or twice that? Again, if the delay 
is constant across the whole audio band and only reduces 
outside it, e.g. above 20 kHz, it obviously will not be heard. 
But what when the center of the phase change moves down 
towards 10 kHz, or 5 kHz, or 2 kHz? 

Tests undertaken by authorities as diverse as the Bell 
Telephone Laboratories many years ago, and more recently 
the German Post Office and Prof. Ashley seem to indicate 
that a delay variation of several milliseconds across the band 
cannot be heard in a monophonic signal. In stereo, on the 
other hand, delay differences of less than a millisecond be- 
tween the two channels are quite significant because they 
move the position of the sound image. 

But while delay differences of several milliseconds are 
most likely unimportant in an audio signal fed to a speaker 
system, they are important if they occur between two drivers 
in a two-way system over the frequency range of the 
crossover. 

In this region, the two sound sources act together as a col- 
umn which is comparatively directional, and any delay dif- 
ference between them can easily swing the axis of the column 
response away from the listener. So, referring back to equa- 
tions 14 and 15, we can say that while a pair of first -order 
crossover networks will produce a flat response across the 
band, it is only when the two drivers are connected in -phase 
that their combined response will be truly flat. When the 
drivers are connected out of phase, the amplitude response 
will be flat, but the overall signal will suffer more delay at the 
low frequency end of the band, 320 µS for a 1 -kHz crossover 
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Fig. 6- 
A Cauer-type 

dividing network. 
J 

and in inverse proportion for other crossover frequences. The 
delay drops to half at the crossover frequency itself and zero 
at very high frequencies. Such a difference between the two 
connections is almost certainly inaudible. But one must 
remember that this is true only on the assumption that the 
two transducers are ideal. This is particularly hard to achieve 
with a first -order crossover because: 

a) The amplitude and phase response of both drivers must 
be flat over a wide frequency range either side of the 
crossover frequency or the overall response will be affected. 
Thus, if the responses of the two drivers had a 90° phase dif- 
ference at the crossover frequency before the crossover net- 
work was connected, the overall result using the crossover 
network would be a 6 dB peak or a very deep notch depen- 
ding on whether the phase shift was ± 90°. Even four octaves, 
i.e. 16 times, away from the crossover frequency, e.g. with a 1 - 

kHz crossover frequency, at 62.5 Hz or 16 kHz a phase dif- 
ference of 90° between the two driver responses would pro- 
duce an amplitude disturbance of ±0.5 dB in the sum signal. 

b) The woofer and tweeter should be physically close 
together, and the line joining their voice coils should be at 
right angles to the line between them and the listener, other- 
wise the column that they form at frequencies around the 
crossover may not "illuminate" the listener. 

Of course, a steeper crossover slope reduces the out -of - 
band performance of the drivers. If we apply the summed 
signal test to a second -order filter (or any other even -order 
filter), we will find that there is no way to connect the drivers 
for flat response. However, third -order filters can provide flat 
response with some delay error, but in this case we find 
(again, assuming ideal drivers) that we should reverse the 
polarity of one of the drivers. (3) 

Thus, we see that loudspeaker crossover networks should 
usually consist of complementary pairs of high-pass and low- 
pass Butterworth filters of the odd -order. The first -order 
response is the only one in which an ideal total response is 

achieveable. The third -order response seems necessary when 
excursion of the upper driver limits power handling because 
of distortion or damage. á1 
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"In our simulated live -vs -recorded listening test, the D-6 (with 
cont"ols in the up position) was 100 per cent perfect at any 
point in our listening room! The D-6 is the only speaker in our 
experience to achieve this:'..."After listening to the D-6 for i3 

while, the colorations heard from many other speakers stand 
out like the proverbial sore thumb:' 

- Hirsch -Houck Laboratories in Stereo Review -- 

A tough act to follow, but we did it. 
If you think it's difficult to improve upon the D-6. 
you're right. So, we simply made it bigger. 

The Design Acoustics D-8 loudspeaker, with its 
additional driver complement produces greater sound 
pressure levels with less amplifier power, while main- 
taining the same high degree of accuracy that won the 
D-6 a rave review from Stereo Review's Julian Hirsch. 
It also happens to look elegant while doing all this. 

Whichever one suits your needs, you'll own one of 
the finest loudspeakers available. And that is the tall 
and the short of it. 

For additional information, send this coupon 
to the address below. 

Name 

Address 

City State Zip 

rN design 
acoustics 
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Design Acoustics, Inc., Dept. A-8-8, 2426 Amsler St., Torrance, CA 90505. 



"at their price, they are simply a steal!" 

``-A'AUDIO ADVISOR 

EV. LIM 
VOLUME I, NUMBER 7 

This is the full text of the review of the Polk 10's 
which appeared in the AUDIOGRAM, a discern- 
ing and independent audiophile journal which is 
entirely supported by its readers and accepts 
no manufacturers' advertisements. Subscrip- 
tions are available for $15.00 per year. 

POLK MODEL 10 LOUDSPEAKER 

POLK AUDIO 
1205 South Carey Street 
Baltimore, MD 21230 

When we heard the Polk speakers at Summer CES we 
knew we had to test them. We were so impressed that we 
could not believe the prices. But first let us say that there are 
a few factors that might make us prejudiced in their favor. 
The Polk people use the Spendor as a reference. They like the 
sound of ARC tubes. They are the East coast distributors of 
the Formula 4 tone arm. We, at AUDIOGRAM, share so many 
likes with the folks at Polk that it is hard for us not to like 
their speakers. And the company is a local one that has 
made good - the pride of Baltimore and Washington. 

Nonetheless, the sound coming forth from the Model 10 
"monitors" is something really special. It is a sound that is 
open, well defined and very low in coloration. One does not 
generally expect such low coloration in a modestly priced 
box speaker, and certainly not anything like the definition 
exhibited by these speakers. How does Polk do it? We think it 
is mostly execution. They hear very well and they care. 

The Model 10 uses a 1 -inch soft dome tweeter, two 6 1/2 - 
inch plasticized midrange drivers and one 10 -inch sub -bass 
radiator (which is really a passive radiator). Polk calls the 
crossover between the bass and midrange drivers "fluid - 
coupling". It occurs at 80 Hz and provides fourth order But- 
terworth loading for the energizing cones. 

We auditioned the speaker on the optional stand which 
Polk sells. The stand, or one like it, is highly recommended. It 
tilts the front of the speaker slightly back from the listener, 
providing better phasing between drivers and reducing unde- 
sirable floor -coupled resonant effects. We would say that the 
sound of most bookshelf speakers currently placed on the 
floor would certainly be improved by such a stand. 

Inasmuch as Polk had indicated that they use the Spen- 
dor as a reference and inasmuch as we had one on hand, we 

compared the Model 10 to this speaker. In fact, we have com- 
pared many speakers to the Spendor and most of them have 
sounded extremely colored by comparison. (The only speaker 
systems that have been able to make the Spender sound col- 
ored have been a well -tuned Fulton J and the Rogers LS3/ 
5As.) Although the Spendor did manage to make the Model 
10 sound a trifle nasal, we were amazed at the similarity of 
sound - and that's good.! 

But the Spenders cost upwards from $700 a pair (if one 
can find them), will not handle much power and cannot re- 
produce the bass of the Polks. It really isn't fair to compare 
the Model 10 to a reference monitor. It should be compared 
with other modestly priced speakers. However such a com- 
parison is no fairer than the Spendor comparison. Other 
$200 speakers simply do not come close to the standards set 
by the Model 10. In fact the Polks compare very favorably 
with the Magnepan and Dahlquist DQ 10's. Bass response of 
the Model 10 surpasses that of the DQ 10. Definition is al- 
most on the par with the Magnepan (stereo imaging is bet- 
ter). Driver blending is excellent, the midrange is open and 
exceptionally clear, and there is much less hint of boxiness 
than that which is found in most box speakers. 

If we had to fault the Model 10's, we would say that they 
are slightly bright and just a little fat in the low end. How- 
ever, they are extremely neutral throughout most of their 
range. Only in comparison with some of the world's best 
speaker systems do they sound the least bit colored. They are 
a high definition speaker system deserving the very best as- 
sociated electronics. And at their price, they are simply a 
steal. 

AIIDIOGRAM is published by The Audio Advisor 
Box 27408 St. Louis, Missouri 83141 

THE POLK AUDIO MONITOR SERIES 

Polk Audio Monitor Series loudspeakers, priced 
from less than $100 each, are available at the finest 
audio salons. Write us to find out your nearest dealer. 

1205 South Carey Street 
Baltimore, MD 21230 
Dept. a7 

NEW STATE OF THE ART COMPONENTS FROM POLK AUDIO SPECIAL PRODUCTS 
SOUND CABLE, THE FIRST TRUE HIGH DEFINITION SPEAKER WIRE 

THE MAYWARE FORMULA FOUR MK III, THE BEST SOUNDING UNIVERSAL TONEARM 
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*W.J.J. Hoge 

Two years ago the kindly editor talked me into writing a 
construction article about a subwoofer (1). Because a system 
with 1 -per cent efficiency and a low -frequency cutoff of 20 
Hz must be rather large (600 liters or about 21 ft.3), I didn't 
expect too much reaction from the gentle readers. Boy, was I 

wrong! To date, I've gotten hundreds of letters and hundreds 
of phone calls about how to subwoof. So, at the end of this ar- 
ticle I'll present a list of corrections and updated information 
to the original article. Also, an improved electronic crossover 
(with foil patterns for a set of PC boards) will be given. Mean- 
while, I'll try to answer some of the most common questions 
provoked by the original article. 

'Kustom Electronics, Inc. 
Chanute, Kans. 66720 

Several folks have written to ask if there isn't some way to 
miniaturize the subwoofer. One letter from Germany put it 
this way: "After I explained to my wife what 21 cubic feet 
meant, she explained to me what divorce meant." The answer 
to this question is "No, not if we wish to have both a low 
cutoff frequency and low distortion." Remember, cabinet 
volume, Vg, is probably the single most important specifica- 
tion of a loudspeaker system. To put this in ma:hematical 
terms 

no = knf3VB (1 

where no is the system reference efficiency, f, is the system 
low frequency cutoff (-3 dB), and knis the fudge factor 
based on the type of system. In the real world, efficiency and 
distortion are inversely related in well -designed systems. 

47 

AUDIO August 1978 



50 

LEFT 
100 Hz L 

LEFT 
HIGH- PASS 

R 
STEREO 
POWER 

AMP 
R 

IOOHz I0k 
PREAMP LOW-PASS CENTER 

RIGHT 100 Hz I0k MONO POWER 
LOW- PASS AMP 

RIGHT 

100 Hz 
HIGH- PASS 

Fig. 5 -Crossover method used when the preamp 
has no mono output for a center channel. 
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network used in Fig. 6. 
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a living, you can call up one of the companies that builds 
loudspeaker drivers for original equipment manufacturers, 
give them a set of specifications, and have a driver developed 
for your particular application. Any of these companies will 
be happy to give you samples -if they think they have a 
chance to sell you several thousand more. If you are a hob- 
byist, you are stuck with using a readily available driver. 
Given a few bits of information about a driver, you can tell if 
it's useful for your proposed application. Since quite a few 
gentle readers have written in to ask me if I could design 
them a box to use a Brand X Model Y driver (yes, I can; I do it 
for a living and expect to get PAID for it), I will describe one 
method I use for vented -box woofer design. It was originally 
developed by Keele (2) and represents an approximation of 
the charts given by Small (3, 4) for systems with an enclosure 
loss factor of QL = 7. In order to use this method, we must 
have the following information about the driver: fs, the driver 
resonance frequency; ()Ts, the total Q of the driver, and VAs, 
the compliance equivalent volume of the driver. I won't at- 
tempt to define these terms in this article, but references 1,3, 
and 4 can provide background information. Armed with these 
data and the design flow chart in Fig. 2, we can check to see if 
a driver is useful. Let's try a couple of worked examples .... 

Suppose we want a system which is useful down to around 
40 Hz and reasonably small, say, around 100 -liters net vol- 
ume. The two drivers available to us are a 38 -cm unit de- 
signed for use in horns and a 25 -cm (10 -in.) high -compliance 
unit designed for closed -box systems. The parameters of the 
larger unit are fs=18 Hz, QTs=0.17, and VAs=1300 liters. 
Plugging this data into the flow chart, we find that 

VR = (15) x (1300) x (0.17) 2.87 (4 

= 120 liters (5 

which is reasonably close to our goal. This is the enclosure 
volume which will come close to giving maximally -flat 
response. Continuing along, we find that 

TABLE I Typical Driver Parameters. 

Mfgr. Model Adv. Dia (in) fs (Hz) QTS Vas (liter) no (%) 
KEF 8110 5 31 0.39 27 0.18 
CTS 6W10C 6 54 0.32 25 0.97 
KEF B200 8 24 0.62 110 0.21 
Magnavox 
(Australia) 8-30 8 54 0.41 31 0.86 
CTS 10W18C 10 22 0.30 230 0.75 
Eminence EM40 10 30 0.64 110 0.33 
CTS 12W32C 12 21 0.25 470 1.2 
JBL 2125 12 63 0.53 110 3.0 
CTS 15W54C 15 18 0.17 1300 2.9 
Eminence EM -15 -RR 15 20 0.60 750 0.68 
JBL LE -15A 15 17 0.24 1200 1.9 
Hartley CN2262-D 18 37 1.2 320 0.77 
Altec 604-E 15 coax 29 0.27 500 3.2 
RCA LC -1A 15 coax 34 0.40 300 2.0 

Note: The two coaxial loudspeakers have leaks around the treble drivers. This 
increases the effective enclosure losses and lowers the QL to about 3. The method 
outlined in this article will not yield good results with these drivers. Try using the 
QL=3 design chart given by Small (4). The QTs of the 18 -in. driver is too high for 
use in most vented -box alignments. Try a very large closed -box design. 

These parameters are typical values as measured by Prof. J. Robert Ashley of 
the University of Colorado. Individual drivers vary according to manufacturing 
tolerances. 
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Fig. 9- Foil patterns for the low- and high-pass filters. 

(0.26)(18) 

(0.17) 1.4 

= 56 H z 

which is close to what we were looking for. 
(6 To find the frequency to which we tune the enclosure's 

Helmholtz resonance, we continue with 

(7 fB = (22) (230/60)032 (14 

which is too high. To lower the f,, we would have to increase 
VB. Thus, we must discard this driver. 

Now let's try the 25 -cm driver. Its parameters are f, = 
22Hz, ()Ts = 0.30, and VAS = 230 liters. Running this through 
our Texas -Packard calculator gives us 

VB = (15) x (230) x (0.30)287 (8 

= 110 liters 
(9 

(0.26)(22) 
f3 - (10 

(0.30)1.4 

=31Hz (11 

Thus f, is lower than we desire. 
60 -liter enclosure 

f3 = (22) x (230/60)1n 

= 43 Hz, 

Let's try a smaller box. For a 

=34Hz (15 

Since we are not using the 110 -liter box, which approx- 
imates maximally -flat response, we will have either a peak or 
sag in the frequency response. To determine the amount, we 

use 

R = 20 log10 [(2.6) (0.30) (230/60)o.31 (16 

_ + 1.9 dB (17 

If this amount of peaking is tolerable, then we can use this 
driver. We can reduce the peaking and lower the f, by using a 

larger enclosure. 
Our next step is to calculate the dimensions of the vent re- 

quired to resonate the enclosure at 34 Hz. Figure 3 shows two 
forms which a vent may take. The first is a simple hole in the 

(12 front panel of the enclosure; the second is a pipe or tube. To 

calculate the required area of the first type of vent we use the 
(13 formula: 

o 
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Fig. 10-Component locations on the filters. Note that parts are inserted on the side OPPOSITE from the foil pattern. 

d =1.80 x10-sfeV8 +(3.25 x10'10feVe 
+ 4.23x 10-5feVB lv)' 

Where dv is the diameter of the vent in cm, lv is the thickness 
of the front panel in cm, and VB is the enclosure volume in 
liters. For our 60 -liter enclosure with a 1.9 -cm (0.75 in.) thick 
front panel, we would have a 3.9 -cm (1.5 -in.) hole for an 
enclosure resonance of 34 Hz. High power output at low fre- 
quencies might cause a vent of such small diameter to whis- 
tle. This happens when the particle velocity in the vent 
becomes so great that the air flow is turbulent. We can solve 
this problem by making the vent larger in diameter, but sim- 
ply increasing the vent diameter will mistune the enclosure. If 
we increase the diameter of the vent, we must also increase 
its length. Thus, we have the second type of vent. We may 
find the required length with 

2.36 x10 -4d, lv - 
fBZ VB 

(18 

- 0.740dv (19 

A vent 7.6 cm (3.0 in.) in diameter is probably adequately 
large for a 60 -liter enclosure tuned to 34 Hz. In this case the 
required tube is 19.7 cm (7.75 in.) long. A vent of larger 
diameter would require a longer tube. 

To use the driver in the proposed 60 -liter system, all we 
now need to do is select a set of dimensions which will give us 
the appropriate net volume and allow the driver and vent to 
mechanically fit into the system. 

Of course, in order to use this method, the designer must 
know the required driver parameters. Any manufacturer 
should be able to provide you with this data. If you can't get 
it that way, you will have to measure it yourself. Ashley and 
Swan (5) and Hoge (6) describe methods for making these 
measurements. (Author's Note: My AES pre-print is available 
from the Audio Engineering Society, 60 East 42nd Street, New 
York, N.Y. 10017. It costs $2.00.) 

Another question asked by many of the gentle readers con- 
cerned the design of a passive crossover for the subwoofer. 
Neville Thiele has eloquently covered crossover design in 
another article in this issue, so there is little need for me to 
comment on this subject, except to say that I feel 18- dB/oc- 
tave crossovers should be used with subwoofers and that I 

agree with Ashley (7) that in high -power systems such 
crossovers are better realized with active crossovers. 

The original crossover schematic published with the article 
contained two errors. First, the 0.01-µF capacitors should be 
0.1 µF. Second, the 0.33 µF capacitors should be 0.033 µF. 
built my original crossover on perforated board using push -in 
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Like other manufacturers, we 
feel we know our products 
better than anyone. Yet given the 
opportunity, we prefer to let inde- 
pendent test labs and technical 
editors describe our products 
to the consumer. The following 
excerpts from reports on the 
Luxman R-1120 tuner/amplifier 
will tell you why. 

First from High Fidelity: 
"There is an effortless quality 

to the sound that just radiates 
class... the appearance of the 
product and its thoughtful constel- 
lation of features reinforce this im- 
pression. Here is a receiver-sorry, 
a tuner-amplifier-that the dis- 
cerning listener will surely enjoy. 

"...the FM tuner is impressive, 

to say the least. Stereo quieting 
is pushed to 60 dB by only 451/2 

dBf of input, which promises 
enjoyable listening in all but the 
deepest fringe areas." 

And here's what Consumer 
Guide says about the R -1120's 
power amplifier: "...very conser- 
vatively rated. At mid frequencies 
... produced 137 watts. Even at 
20 Hz and 20 kHz (it) pumped out 
130 watts before reaching its 
rated harmonic distortion figure." 

(Please note that the R-1120 is 

rated at "only" 120 watts per 
channel, 20-20,000 Hz, 8 ohms, 
with no more than 0.03 percent 
total harmonic distortion.) 

Now for some words of our 
own. Glance at the photo and 

Luxman R-1120 tner/amplifier 

you'll see a feature unique to LUX 
tuner/amplifiers: an array of LED 
peak -power indicators-six per 
channel. They'll make sure you 
don't drive the amplifier into 
clipping and overload. 

Also: negative feedback tone 
controls, switchable turnover 
frequencies, electrostatic speak- 
er connections, tape -to-tape 
dubbing and optional Dolby® 

Although LUX is known primar- 
ily for separate amplifiers and 
tuners, you can now appreciate 
why our new tuner/amplifiers 
have led many music lovers to 
simply upgrade their receivers. 

A visit to one of the very select 
LUX dealers will help you decide 
what your next step up should be. 

LUX Audio of America, Ltd. 
160 Dupont Street, Plainview, New York 11803 In Canada: White Electronics Development Corp., Ontario 



Table lI - Filter Values 

f(Hz) CB(nF) 

Low -Pass Filter 
CB(nF) Cc(nF) RA = RB = Rc 

(kilohm) 
f(Hz) RA 

(kilohm) 

High -Pass Filter 
RB Rc 

(kilohm) (kilohm) 
CA=CB 

= Cc(nF) 
100 390 150 22 14.3 100 22.1 2.94 1.15 390 
250 390 150 22 5.76 250 23.2 3.01 1.21 150 
300 390 150 22 4.87 300 24.3 3.16 1.24 120 
400 390 150 22 3.65 400 22.1 2.94 1.15 100 
500 390 150 22 2.87 500 23.2 3.01 1.21 75 

2500 39 15 2.2 5.76 2500 23.2 3.01 1.21 15 
3000 39 15 2.2 4.87 3000 24.3 3.16 1.24 12 
3500 39 15 2.2 4.12 3500 24.3 3.16 1.24 10 
4000 39 15 2.2 3.65 4000 22.1 2.94 1.15 10 
5000 39 15 2.2 2.87 5000 23.2 3.01 1.21 7.5 

terminals and had no problem with it. However, some folks 
did. They got oscillators instead of filters. Oscillations in the 
filter can usually be solved by installing a 1000 -ohm resistor 
in series with the base of the first transistor in each of the 
Darlington pairs. If the power supply oscillates, try installing 
a 47 -ohm resistor in series with the base of the regulator tran- 
sistor. In the past two years I have worked up a better set of 
crossover filters. Each filter section is on a separate card. This 
allows some versatility in their use. For example, I own a 
preamp with a center -channel (mono) output. By connecting 
the filters as shown in Fig. 4, I save having to use a second 
low-pass filter as in Fig. 5. These newer circuits are really the 
same filter type as the older one but with improvements. 
Complementary devices are used in the emitter -follower 
amplifiers. This tends to reduce distortion. Also, the tran- 
sistors used are quieter and allow for higher output voltage 

54 and current swings. The new filters have input impedances of 

over 200 kilohms and will drive a 10-kilohm load. To answer 
another specific question: Both the old and new crossovers 
will work very well with the amplifier circuit published in 
Audio by Leach (8,9). Both the old and new crossovers are low 
distortion devices. On the new unit the distortion is typically 
below the residual reading on most distortion analyzers. Us- 
ing the DIM 30 (10) test for transient intermodulation distor- 
tion, no distortion products were visible on the analyzer 
above the 0.01 per cent level. 

When building the new crossover, use 1 -per cent metal -film 
resistors in the tuning network and in the bias networks of the 
amplifier stages. This will improve the stability of the unit. 
Otherwise, 10 -per cent composition resistors may be used. 
The capacitors in the tuning network should be 5 -per cent (or 
better) polycarbonate or polystyrene. Parts values fór thé tun- 
ing network for several different frequencies are given in 
Table II. Because the physical dimensions of the capacitors 

Like. More Like. Most Like. 

The Model 301. A true bookshelf 
speaker that fills an entire library with 
music. Its size is small, its sound is big. 
Like all Bose speakers, the Model 301 
directs sound off your walls for an open, 
spacious sound. The Direct Energy Con- 
trol shapes the sound to suit your music, 
and your room. You get large, life -like 
sound you don't expect from a speaker of 
its size and price. 

For sound that's even more like live, try 
the Model 501. A floor -standing speaker 
that delivers wall -shaking bass through a 
10 -inch, high-performance woofer. Each 
speaker is "asymmetrical." The left 
speaker works with the right to create full, 
rich, balanced stereo. Throughout your 
entire room. And you can use the Direct 
Energy Control to shape the sound to fit 
your room. 

Still closer to the sound of live is the 
high-performance Model 601. Six drivers 
in each enclosure are precisely positioned 
to fill the room with clean, accurate music. 
This configuration produces the excep- 
tional spatial realism of the Model 601. 
A Symmetry Control lets you adjust the 
spatial characteristics to fit your living 
room. The Model 601 delivers life -like 
sound better than any other speaker. 
Except one. 


