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R SPEAKER SYSTEMS. 
is destined to become the 

nd reproduction system. 



PIONEER'S NEW SERIE 
An acoustic achievement th 

universally preferred so 



The critics 
unquestionably agree... 

AUDIO (George Tillett) 
"The Pioneer R300 is a rather unusual speaker 
system - both in styling and design ... Bass 
was solid and tight ... the sound had an 
immediate projected quality. Stereo image was 
excellent ... Can be recommended to those 
who require a good system at a reasonable 
price and one that would give outstanding 
results from a modestly powered receiver." 

STEREO & HI -Fl TIMES (Larry Zide) 
This (R500) speaker will please many with 

i'.s big, bright sound ... The middle ranges... 
are most prominent, but there is more than 
enough good bass, too ... The high end 
response is excellent; midrange and tweeter 
contribute to a smooth, wide range sound that 
goes well beyond audibility ... It's time that we 
began to demand appearance along with 
performance. This, Pioneer is certainly giving 
us with this model, and they are to be 
commended for the effort ... The R500 is a 

quality speaker and deserves your attention." 

HIGH FIDELITY (CBS Laboratories) 
i ne aia a rive lop wan any program 

material we fed into it ... The clean, smooth, 
honest, wide -range performance of the R700 
puts it unquestionably among the more 

class. 

MODERN HI -Fl & STEREO GUIDE 
(Robert Angus) 
"There are some important differences 
between the R series ... and most other 
bookshelf speaker systems on the market... 
The R500 is designed to make electronic rock 
music sound more dramatic ... There's no 
doubt that with either folk or rock music, these 
speakers really produce brilliant sound ... 
bass is remarkably clean and full under any 
circumstances ... Sound is clean and 
undistorted up to 18,000 Hz ... at the low end, 
clean frequency response is measurable 
down to 22 Hz." 

FM GUIDE 
"If you think it's time for a new sound sensation 
and you suspect your present speaker system 
is holding out on the lows and highs, try 
Pioneer's R500 speaker system." 

OPERA NEWS (Hans Fantel) 
"The cadre of relatively low priced 
high-performance speakers has recently 
been augmented by a distinctive newcomer: 
Pioneer's R300, whose tonal characteristics 
have been tailored to the results of extensive 
preference -testing with large groups of 
listeners. The R300 has a quality of `presence' 
and immediacy which made Salome's 
murderous ecstasies positively scary when 
I listened, and the massive sonorities of the 
Strauss score didn't faze this speaker a bit." 



Too often these days superlatives are 
used to camouflage mediocrity. Let's 
just say you'll be excited with the 
magnitude of the achievement of the 
new Pioneer series R speaker 
systems, once you hear them. They 
represent the culmination of our more 
than six years of intensive research in 
every phase of speaker design on just 
this series alone. 

We investigated, tested and 
evaluated every known area: 
frequency response, dispersion, 
distortion, transients, drivers, 
configurations, cabinetry- rejecting, 
accepting, improving until we were 
completely satisfied that we had the 
perfect combination. The sound most 
people would prefer when compared 
with the conventional speakers now 
available. 

The story behind the grille 
To achieve this exceptional sound 
reproduction, Pioneer has endowed 
the new series R with a host of 
meaningful refinements that have 
become the hallmark for our 
extensive collection of high fidelity 
components. 

Flush mounting. Unlike other 
speaker systems on the market today, 
the R series' drivers are flush mounted 
to the face of the enclosure, rather 
than recessed. Combined with the 
advanced design of the individual 
speaker units, there is added vitality 
to the mid tones and wider dispersion. 

Conventional 
recessed speaker 
mountings. 

New up -front 
f ush mounting of 
Pioneer series R. 

Exclusive FB cones assure robust 
bass, clear mid and high tones, 
improve damping, while keeping 
distortion at an absolute minimum. 
High input signals are handled with 
complete ease. 

R700 R500 R300 

Speakers 12" woofer, midrange 
horn, multicell horn 
super tweeter 

10" woofer, 
5" midrange, 
horn tweeter 

10" woofer, 
horn tweeter 

Maximum 
Input Power 75 watts 60 watts 40 watts 

Crossovers 750 Hz, 14,000 Hz 800 Hz, 5,200 Hz 6,300 Hz 

Dimensions 15"x26"x13%6" 133/4"x24"x121/6" 13"x221/2"x11" 

Price $229.95 $159.95 $119.95 

Unique concave center pole 
design and pure copper cap/ring 
combination. The concave center pole 
of the drivers' magnetic structure is 
covered with a pure copper cap. Not 
only does this reduce the inductance 
of the voice coil, it also decreases 
the voice coil's intermodulation 
distortion generated by the magnetic 
field. The result: vastly improved bass 
and midrange transient responses. 
Another example of Pioneer's meticu- 
lous engineering detail. 

Improved design horn tweeters 
of die -cut aluminum have completely 
replaced the more conventional (and 
less costly) cone and dome -type 
tweeters in the entire series. You can 
hear the difference with wider 
dispersion, and you gain all the 
advantages of horn drivers, such as 
high transient response and lowest 
distortion. 

Crossovers are precisely de- 
signed in each model. In contrast to 
other speakers that rely on the 
capacitance method only, Pioneer 
has combined both inductances and 
capacitances for minimum inter - 
modulation distortion. And you'll 
never hear bass tones wandering to 
the tweeters, or highs intruding on the 
woofers. You couldn't ask for better 
linear response. 

(V) PIONEER® 

The acoustically padded 
enclosures are sturdily built and faced 
with handsome two-piece, two-color, 
removable grilles. The staining 
process of the hand selected walnut 
requires ten steps alone, and utilizes 
an exclusive oil created by Pioneer. 
Each unit is produced as if it was the 
only one. 

Sound -absorbing foam 
polyurethane surrounds the woofers 
of the R700 and R500 to reduce 
distortion even further. The three R 

series models each employ long -throw 
voice coils providing greater cone 
movement for higher excursions. 

There are many technical 
reasons why you should buy a pair of 
the new Pioneer series R speakers 
systems. But, in the final analysis, 
when you compare them with com- 
parably priced speakers at your 
Pioneer dealer, their absolute 
superiority in sound reproduction is 
why you will buy them. 

U.S. Pioneer Electronics Corp. 
75 Oxford Drive, Moonachie, 
New Jersey 07074 

when you want something better 

Check No. 29 on Reader Service Card 

West: 13300 S. Estrella, Los Angeles 90248 1500 Greenleaf, Elk Grove Village, III. 60007 Canada: S. H. Parker Co., Ontario 



You're 
reading 

this page 
for the 
same 

reasons 
we build 

our 
speakers. 

Better music, wherever you 
listen 'Real fundamental, bass, 
including the attack of tympani 

and organ. An almost tactile 
feeling of presence. And 

transparent highs, providing 
unusual instrumental definition. 

First and foremost, we built 
the LDL 749A to satisfy our own 
desire for musical enjoyment. 

Including the spatial sensations: 
from the intimacy of small 

groups to the awesomeness of 
full orchestra. 

With their precise combination 
of forward -radiated sound and 
panoramic reflection, LDL 749A 
are a compact, elegant way to 

put the concert hall in your 
listening room. And the price is 

as realistic as the sound! 

To 
Linear 

Design 
Labs,.. 
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Now BIC VENTURFputs to rest 
some of the fables, fairytales, folklore, 

hearsay and humbug 
about speakers. 

Fable 
Extended bass with low distortion 
requires a big cabinet. 

Some conventional designs are rela- 
tively efficient, but are large. Others are 
small, capable of good bass response, but 
extremely inefficient. The principle of 
the BIC VENTURI systems (pat. pend.) 
transforms air motion velocity within 
the enclosure to realize 
amplified magnitudes 
of bass energy at the 
BIC VENTURI coupled 
duct as much as 140 
times that normally +p1III1IIIIIIIIIIIIIIIIIIIIIIIIA\\\ 

derived from a woofer 
(Fig. A). And the filtering action achieves 
phenomenally pure signal (Scope photos 
B & C). Result: pure extended bass from 
a small enclosure. 

B-Shows output.of low frequency driver when driven at a freq. 
of 22 Hz. Sound pressure reading, 90 dB. Note poor waveform. 
C-Output of venturi coupled duct, (under the same conditions 
as Fig B.) Sound pressure reading 111.5 dB, (140 times more 
output than Fig. B.) Note sinusoidal (nondistorted) appearance. 

Fairytale 
It's okay for midrange speakers to cross 
over to a tweeter at any frequency. 

Midrange speakers cover from about 
800 Hz to 6000 Hz. However, the 
ear is most sensitive to midrange 
frequencies. Distortion created 
in this range from crossover 
network action reduces articu- 
lation and musical definition. 
BIC VENTURI BICONEX horn (pat.pend.) 
was designed to match the high efficiency 
of the bass section and operates smoothly 
all the way up to 15,000 Hz, without 
interruption. A newly designed super 
tweeter extends response to 23,000 Hz, 
preserving the original sonic balance and 
musical timbre of the instruments 
originating in the lower frequencies. 

Folklore 
Wide dispersion only in one plane is 
sufficient. 

Conventional horns suffer from musi- 
cal coloration and are limited to wide- 

BICONEXTMhorn 

angle dispersion in one plane. 
Since speakers can be positioned 
horizontally or vertically, you 
can miss those frequencies so 
necessary for musical accuracy. 
Metallic coloration is eliminated 
in the BICONEX horn by making 
it of a special inert substance. 
The combination of conical and 
exponential horn flares with a 
square diffraction mouth results 
in measurably wider dispersion, equally 
in all planes. 

Hearsay 
A speaker can't achieve high efficiency 
with high power handling in a small 
cabinet.. 

It can't, if its design is governed by such 
limiting factors as a soft -suspension, 
limited cone excursion capability, trap- 
ped air masses, etc. Freed from these 
limitations by the unique venturi action, 
BIC VENTURI speakers use rugged drivers 
capable of great excursion and equipped 
with voice coil assemblies that handle 
high power without "bottoming"or danger 
of destruction. The combination of in- 
creased efficiency and high power handl- 
ing expands the useful dynamic range 
of your music system. Loud musical pas- 
sages are reproduced faithfully, without 
strain; quieter moments, effortlessly. 

Humbug 
You can't retain balanced tonal response 
at all listening levels. 

We hear far less of the bass and treble 
ranges at moderate to low listening levels 
than at very loud levels. Amplifier "loud- 
ness" or"contour" switches are fixed rate 
devices which in practice are defeated by 
the differences in speaker efficiency. The 
solution: Dynamic Tonal Compensa- 
tionC This circuit (patents pending) 
adjusts speaker response as its sound 
pressure output changes with amplifier 
volume control settings. You hear 
aurally "flat" musical reproduction at 
background, average, or ear -shattering 
discoteque levels-automatically. 

A system for every 
requirement 

FORMULA 2. The most sensitive, 
highest power handling speaker system 
of its size (193/4 x12x111h):' Heavy duty 8" 
woofer, BICONEX mid range, super 
tweeter. Use with amplifiers rated from 
15 watts to as much as 75 watts RMS 
per channel. Response: 30 Hz to 23,000 
Hz. Dispersion: 120°x120°. $98 each 

FORMULA 4. Extends pure bass to 
25 Hz. Has 10" woofer, BICONEX mid- 
range, super tweeter. Even greater effi- 
ciency and will handle amplifiers rated 
up to 100 watts. Dispersion: 120°x120°. 
Size:25x131/4x13:' $136 each. 

FORMULA 6. Reaches very limits of 
bass and treble perception (20 to 
23,000 Hz). Six elements: 12" woofer 
complemented by 5" cone for upper 
bass/lower midrange; pair of BICONEX 
horns and pair of super tweeter 
angularly positioned to increase high 
frequency dispersion (160°x160° ) . 

Size: 261/4 x151/4 x141/4:' $239 each. 
Sturdily constructed enclosures. 

Removable grilles in choice of 6 colors. 
Optional bases for floor standing place- 
ment. Write for brochure A - 3. 

Audition today's most advanced 
speakers at your BIC VENTURI dealer. 

BRITISH INDUSTRIES Co., Inc. 
Westbury, New York 11590. 
A division of Avnet, Inc., 
Canada: C.W. Pointon, Ont. 

BIC VENTURI 
Check No. 14 on Reader Service Card 



Special Tape Recorder Issue 
All About "Q"-Don Davis, 

of Syn-Aud-Con, explains 
how to figure speaker direc- 
tivity and why it is important. 

Guide to Folk Music Labels- 
Ira Mayer discusses the 

modern-day folk process. 

Equipment Reviews Include 
-Pioneer SX-949 four - 

channel receiver Technics 

SL -1200 turntable. 
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CD -4 PHONO y- DYLAN 
CARTRIDGES AT THE 
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About the cover: Not many 
people have eyesight as sharp 
as our artist who looked down 
into the grooves of a CD -4 
Quadradisc and shows us what 
he saw. (Actually, this is a 

color conversion of a 1500X 
scanning electron microscope 
photo of a CD -4 disc's grooves, 
photo courtesy of RCA Victor.) 

Audioclinic 
Joseph Giovanelli 

Using a VU Meter to Read 
Power Output 

Q. In two super -power, basic ampli- 
fiers, specifically, the Phase Linear 700 
and Phase Linear 400, "VU meters" 
are used to indicate power output during 
complex musical passages. These meters 
are calibrated in decibels in much the 
same way as my Simpson 270-4 Volt- 
Ohm-milliammeter is. Is it possible to 
connect this meter to the speaker outputs 
to determine the output of the amplifier 
during complex passages? If this can be 
done,' what power level, in watts, does 
0 VU refer to?-Phil Saba, McLean, 
Virginia 

A. It would be possible to use your 
meter to indicate average power out- 
put produced by an amplifier. The only 
catch is that the damping of the meter 
might be different from that of a stand- 
ard VU meter. If it is, you will miss 
some of the peaks which should register, 
or you will read peaks which are higher 
than those which would have been 
obtained on a standard VU meter. VU 
meters are designed to have a particu- 
lar characteristic of attack and "fall- 
back" in order that an indication on one 
meter will be equal to that read on any 
other similar meter associated with the 
chain of equipment. 

In any case, assuming that your meter 
has reasonably good dynamic charac- 
teristics, it should be possible to use it 
with any amplifier to indicate power 
output. You must watch out for the 
possibility of ruining the meter with 
excessive signal. (While my following 
comments deal basically with VU meters 
which require external multipliers, 
they more or less apply to your specific 
meter. Its internal multiplier may be 
used, but some additional external, 
variable resistance will be required 
for trimming.) 

VU meters are designed to respond to 
signals of less than 10 mW. This is a 
very small amount of power. You would 
have to calibrate your amplifier in terms 
of voltage versus power output. You 
also need to know the ohms per volt 
of your meter. You would then have to 
provide a multiplier, similar to what 
would be contained in a VOM or 
VTVM, to fit the full-scale voltage of 
0.707 volt which causes a standard VU 
meter to deflect to 0 VU. This voltage 
could either be made equal to the full 
power output of the amplifier, to a point 
which is 3 dB less than this full power 
or equal to perhaps the loudest listen- 

ing level you might expect to use- 
whichever best suits your requirements. 
You would want to make a portion of 
the divider-or multiplier as you will- 
variable for exact calibration and inter - 
channel balance. 

Reception of Distant FM Signals 
Q. I like to catch "FM skips." Please 

tell me what conditions produce these 
effects so that I can know when to look 
for them.-Alan A. Durrenberger, Fort 
Walton Beach, Florida 

A. "FM skips" are not heard at all 
times. They are the result of atmospheric 
phenomena. 

When listening to shortwave signals, 
it is often possible to hear signals which 
are a long distance from the receiving 
site. A listener who is much closer to 
the transmitter might not even hear this 
same signal; it has skipped over the 
closer receiving antenna. For this reason 
we often refer to distant -signal reception 
as "skip reception." FM reception is 

considered to be limited by the horizon. 
Often, signals transmitted from much 
greater distances than the horizon can 
be heard, but these signals can be heard 
at all points between the transmitter and 
the most distant receiver, with no skip- 
ping. Despite all of this, it does appear 
that the term "skip" is becoming synony- 
mous with the reception of any distant 
station, whether or not it has skipped 
over some receiving sites. 

Foggy conditions up and down the 
coast and/or temperature inversions 
provide opportunities to look for "skip" 
stations. 

If a meteor shower is likely, try to 
listen for distant FM signals then. Re- 
ception will be erratic. Identification of 
stations and their locations can be diffi- 
cult. 

Magnetic storms and auroras can 
cause an increase of distant -signal re- 
ception on the FM band, but not in all 
latitudes. Such reception is not likely 
in your area. It is likely in extreme 
northern and southern latitudes. 

Look for weather fronts. The time just 
before the passage of a front is often 
good for the reception of distant signals. 

Spring and fall months are best for 
such reception because the greatest 
temperature contrasts are present. These 
contrasts cause the greatest changes in 
atmospheric density. As we learned in 
high school physics, different densities 
result in diffraction of light rays. Exactly 
the same thing happens when radio 
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there reallyis a 4 -channel 8 -track 
Perhaps that surcrises yor., sor. But it's trLe. record/playback deck! You see, there's been a ct cf excitement 

lately atout 4 -channel stereo. Arc, Ike most peo- 
ple, you probably thought that all z -channel re- 
corders are open -reel. 

Well, AKAI will change yoi- m nd. 
You'll discover a whole new world of 

4 -channel recording when you s~,e-aid hear- 
AKAI's exciting new CR -80D -SE ... a remarkably 
enginee-ed 8 -track 4-channel/2-chancel compat- 
ible record/playback deck. 

The CR -80D -SS is compa:A... aas.y to oper- 
ate. Anc conveniently placed frcr t -panel controls 
make professional 4 -channel disec'ete recording a 
breeze. 

Which means that you'I be able to make 
your own 4 -channel Laces. And also enjoy the in- 
creasing availability of pre-ra.orded 8 -tract. 
4 -channel music. 

What's more, the CR -80D -SS is eqmippec 
with professional features such as .automatic 
Stop/Continuous Play ... Fast Fc.rwarc .. Auto- 
matic 4'2 -channel Stereo Selector... Illurrinatec 
Program Selector... 4 VU Meters. . f -ont pane 
4-chanrel headphone outputs... and rruch more 

So don't assume that all 4 -channel reco -d - 
ers are alike. They're rot, my son 

See your AKAI dealer. He'll give you a new 
outlook 

AKAI. 
AKAI America, Ltd./ Dept.M 
2139 E. Del Amo Blvd., Compton, California 90220/ (213) 537 



signals (of high enough frequency) pass 
through atmospheric layers having 
different densities. This signal diffrac- 
tion causes the signals to follow the 
curvature of the earth rather than being 
radiated out into space as would other- 
wise be the case. 

There is always a certain amount of 
this diffraction, caused by dust particles 
and by random fluctuation in atmos- 
pheric density. 

To take advantage of these minute 
opportunities, however, you need a 
high -gain receiver, as well as a high - 
gain receiving antenna. You must aim 
such an antenna carefully, both in terms 
of azimuth and in terms of elevation. 
This requirement calls for two rotators, 
one for conventional azimuthal align- 
ment, and the other for elevation adjust- 
ments. 

Unlike AM signals, distant FM signals 
can often be heard during daylight 
hours. Do not miss them by failing to 
check on reception during appropriate 
weather times during daylight hours. 

Hum in a Receiver 
Q. I have become aware of a problem 

in my receiver that may have existed 
for a long time before I noticed, but 
since that moment it is harder and 
harder to live with. 

There is a slight hum in the speakers 
of both channels (also present with 
headphones), that persists regardless 
of input selected, volume, and which 
way the balance control is set. It has 
nothing, either, to do with tone controls 
which can be switched out entirely. 

I took the unit to the local service 
shop. They tell me that the equipment 
conforms to specifications. It has not, 
however, improved since that wasted 
visit. I suspected the power supply or 
a problem with grounding. 

Because it is next to impossible to 
hear the humming (which can get on 

your nerves if you can hear it) in a 

noisy showroom, the service people 
probably did not notice that there is 

any problem at all. 
Will I be stuck until servicemen 

make house calls, or is there something 
I can do for myself?-Steven L. Meyers, 
Buffalo, New York 

A. Generally speaking, the earlier 
stages of a receiver have more filtering 
than the later stages because of the 
need to isolate these early stages 
from common coupling situations 
which would otherwise be present. 
Thus, even when the main filtering of 
a power supply begins to fail, hum 
is present only in the later stages- 
those stages which come later on in 

the chain than tone and volume 
controls. Therefore, the amount of 
hum is not influenced by the setting 
of these controls. 

An efficient speaker also adds to 
the difficulty. Your service shop 
might not have used efficient speakers. 
Hence, hum would not have been 
audible. 

There is a hum and noise specifica- 
tion for most pieces of equipment. 
One such specification measures hum 
and noise with the volume completely 
turned down. When your equipment 
was checked, the technician might 
actually have performed this measure- 
ment rather than an aural test, and, 
if so, it could be that the equipment 
has some inherent, audible hum, at 
least with your speakers. 

The replacement of power supply 
filter capacitors should eliminate the 
hum, assuming that the problem is not 
inherent in the design of the equip- 
ment. 

If you have a problem or question on audio, 

write to Mr. Joseph Giovanelli, at AUDIO, 

134 North Thirteenth Street, Philadelphia, 

Pa. 19107. All letters are answered. Please 

snclose a stamped self-addressed envelope 

"Hey...what do you want for under $100?" 
If you're looking for the best combination of features, 
performance and value ... look no further. Glenburn delivers 
just that. 
The features... 

Tone arm damping in manual and automatic modes ... 
up and down 
Tone arm height and stylus pressure finger adjustments 

. no tools required 
Automatic tone arm lock 
Cartridge and dust cover and base standard 
... Nothing else to buy. 

The performance... 
Lowest tripping and tracking forces available under $100 
Largest turntable bearing in the industry 
Exclusive uni -planar mechanism ... results in smoother, 
quieter turntables by putting most moving parts 
on a single plane. 

And, the value... 
All these unsurpassed features and improved 

performance available in four great new automatic turntables 
... All priced under $100. Prove it to yourself. At your 
nearest Glenburn Dealer. He'll help you choose a Glenburn 
automatic turntable to fit your needs as well as your 
pocketbook. 

Sometimes you have to pay a little less to get a lot more. 

C 
7 GLENGURN better by design 

GLENBURN/McDONALD, INC., 787 Susquehanna Ave., Franklin Lakes, N.J. 07417 (201) 891-8250 

Check No. 19 on Reader Service Card 



Year after Year... 
Crown equipment 
pays for itself 
STUDIO MONITOR AMPLIFIERS 

All models have complete 
internal protection. IM dis- 
tortion is better than 0.05% 
from 0.01 watt to full power. 
All units mount in a 19 -inch 
rack. Three year warranties 
cover parts, labor and round- 
trip shipping. -- D150 

delivers 75 watts RMS per 
channel into 8 ohms; height 
5'/4 inches. 

DC300A 

delivers 150 watts RMS per 
channel into 8 ohms, or 600 
watts output in monaural 
operation; height 7 inches. 

D60 

delivers 30 watts RMS per 
channel into 8 ohms; height 
13/4 inches. 

MAGNETIC TAPE EQUIPMENT 

All models are designed to work 18 hours a day, 7 days a week 
for 10 years with three head replacements. Modular construc- 
tion and plug-in circuit boards mean fast, easy field servicing. 
These precision instruments will make clean, accurate record- 
ings years after the economical semi -pro decks are retired. 
All models handle %-inch tape and 7 -inch and 101/2 -inch reels, 
All mount in 19 -inch racks. Standard speeds are 15, 71/2 and 33/4 
ips. There are individual record, erase and play heads for 1 

to 4 channels. Over 40 standard models are available with 
numerous professional accessories. 

STUDIO TRANSDUCERS 

Four models of superior quality speaker. 
systems have advanced -design electro- 
static elements for midrange and treble 
and acoustic suspension base woofers, 
for finest possible reproduction for the 
professional recording studio. Two models 
of excellent cone speakers provide fine 
sound for broadcast monitoring. 

CROWN, Box 1000, Elkhart, Indiana 46514 Phone (219) 294-5571 
Send technical data on Crown audio equipment for potential use: 

within Continental U.S.A. D outside Continental U.S.A. A 

Name & Title 

Company 

Address 

Reliable performance and superior audio quality give 
you years more valuable service, making that higher 
original investment a real bargain. Every piece of 
equipment is ruggedly constructed, rigorously tested 
and guaranteed to meet or exceed printed specifica- 
tions. All circuits are outstanding for low noise and 
distortion, wide bandwidth and high frequency response. 
It's to your credit when you specify the manufacturer 
with 26 years experience in broadcast and professional 
studio equipment. 

DISTORTION ANALYZER 

Model IMA tests audio equipment easily, quickly and accu- 
rately. Both intermodulation distortion analyzer and internal 
oscillators are enclosed in one compact unit. Even an inexper- 
ienced technician can take ten power level measurements in 
5dB steps in just 60 seconds. The ranges are 100, 30, 10, 3, 
1, 0.3, and 0.1%. 

IN THE PRODUCTION STUDIO 

CX822 Mastering Recorder 
computer logic control for safe, rapid 
tape handling and editing full re- 
mote control optional TracSync 
available each channel has two 
mixing inputs and individual bias 
adjust and equalizers third -head 
monitor for meters or headphones 
with A/B switch 

...IN THE CONTROL ROOM 

SP722 Studio Player 
simple tape transport system has 
only 9 moving parts remote start/ 
stop optional, automatic stop in 
play mode 

...ON LOCATION 

SX822 Recorder/Mixer 
integral mixing facility simplifies 
setup same tape transport system 
and meter monitoring as CX822 
two mic or line inputs per channel 

MADE ONLY 
IN AMERICA crown 
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Tape Guide 
Herman Burstein 

Recording Current 
Q. I have two tape recorders with a 

common problem. Although they are 
different brands, the circuit problem 
is common to both. I use the same kind 
of tape on both machines. I find that 
when I have the record bias adjusted 
properly (-1 db from the peak) I have 
more playback volume than I should 
have. I think the audio current to the 
record head is too high. Can this be 
lowered without any sacrifice of audio 
quality?-John C. Frank, Santa Ana, 
California 

A. Unless you are getting noticeable 
distortion, the recording current to 
the record head is not too high. If you 
reduce the amount of audio current 
to this head while the meter reads 0 
VU, you will reduce the signal-to-noise 
ratio, which of course is undesirable. 
In the event that distortion is notice- 
able at the 0 VU level, you can either 
reduce the signal to the record head, 
or else change the calibration of your 
VU meter, thereby getting a 0 VU 
indication at a lower and proper re- 
cording level. There may be an ad- 
justment in your tape deck which will 
cause the VU meter to give a lower 
reading for a given playback signal. 
If the VU meter reading in playback 
is a function of the setting of the play- 
back gain control, you merely have to 
adjust this control to avoid over -driving 
the meter. 

Indexing Tapes 
Q. (1) I find it quite frustrating to 

attempt to locate selections, usually 
classical, on tapes indexed for one 
machine and played on another, since 
invariably the indexing for the two 
machines (of different makes) is not the 
same. I wonder if it might not be more 
practical to place some sort of index- 
ing marks on the back of the tape which 
would aid in visual location of a selec- 
tion while fast winding the tape. The 
question is what substance would be 
durable, non -damaging, etc. (2) Is it 
true that bulk erasing a new or reused 
tape prior to recording will result in a 
higher signal-to-noise ratio? My ques- 
tion is prompted by a desire to determine 
if it is worth investing in a bulk eraser. 
-C. J. Hill, San Francisco, California 

A. (1) I would strongly advise against 

pasting any substance onto the tape for 
the purpose of indexing, for this may 
cause the tape to stick in going through 
the system of guides, rollers, etc. More 
appropriate would be to intersplice 
your tape with leadertape, which is 

available in various colors if you wish. 
(2) Bulk erasers can do a more ef- 

fective job than the erase head of a 
tape machine. If a tape has been 
heavily over -recorded, the erase head 
may not be able to remove all the sig- 
nal, and a bulk eraser is then recom- 
mended. It is claimed that a bulk 
eraser can lower the noise level of a 
virgin tape. However, this advantage is 

usually lost when the tape goes past 
the erase head, according to one cor- 
respondent, who claims that the erase 
head imposes some noise on the tape. 
This correspondent states that he has 
therefore deactivated the erase head 
of his machine (check the bias going 
through the record head if you de- 
activate the erase head). 

Speed Change With Age 
Q. I have had the following ex- 

perience with medium-priced Roberts 
tape recorders (770, 1630, 770X, etc.): 
increasing wow and flutter as the ma- 
chine is used, starting noticeably after 
about 150 hours of use and getting 
awful after about 600 hours of use. 

Does anyone know the cure for this?- 
Robert Colvin, Hayward, Calif. 

A. Possibly the wow and flutter of 
which you complain may be due to 
accumulations of dirt, grease, etc. on 
the capstan. A thorough cleaning of 
the capstan and other parts contacted 
by the tape may help. 

Treble Peak 
Q. I have an Ampex 1455A. Everything 

about it is excellent except the 71/2 ips 
frequency response. Using Scotch 203 
tape, setting the bias at one point gives 
a flat record -playback response at 33/4 

ips to 10 kHz, down 2 db at 12 kHz. 
However, at 71/2 ips there is a peak from 
3 kHz to 10 kHz of more than 5 dB. 
Setting the bias at 7' ips will not lower 
this peak below 3 dB at 8 kHz without 
totally wiping out anything above 12 

kHz. In short, the 33/4 ips record -play- 
back response is smoother than that at 
7% ips. 

The record equalization appears to 
be the same at both speeds, while one 
resistance is changed during playback. 
Is there any modification I can make to 
the equalization to correct the 7/ ips 
response?-W. Craig Chambers, Ran- 
toul. Illinois 

A. Use of low -noise tape requires both 
an increase in bias and a decrease in 
high -frequency record equalization. The 
additional bias is about 15%. The cut 
in treble is about 3 dB at 15,000 Hz. I 
would guess that you have been increas- 
ing bias too much in the attempt to 
remove the treble peak. As you recog- 
nize, a change is also needed in the 
record equalization. I cannot give you 
specifics as to what changes to make in 
your equalization circuit. This is a 
matter for the manufacturer, and I 

strongly advise you to consult him. 

Demagnetizing Heads 
Q. An article 1 read on tape recorder 

maintenance has raised some doubts in 
my mind as to whether I've been follow- 
ing the correct procedure in demagnetiz- 
ing the heads of my recorder. According 
to the article, it is important to turn on 
the demagnetizer when it is about two 
feet or so from the heads, then slowly 
advance it toward the heads and proceed 
to demagnetize in the usual manner. Up 
to now, I've always started with the pole 
pieces next to the heads, and have heard 
no audible ill-effects. Assuming the 
recorder itself is turned off beforehand, 
is any harm likely to result to the heads 
or the recorder itself by switching the 
demagnetizer on when it is in close 
proximity to the recorder?-Stephen 
Sarper, Pittsburgh, Pennsylvania 

A. Instructions and procedures usually 
try to provide a healthy safety margin. 
It is safer to turn on the head demag- 
netizer while it is a good distance away 
from the heads than when it is close to 
them. Whether the recorder is off or on 
does not matter. If you turn on the de- 
magnetizer while it is next to the heads, 
this may magnetize them to an extent 
That they cannot be demagnetized-at 
least not by a head demagnetizer with 
a relatively weak field. 

Loop Connection Recording 
Q. My question concerns a kind of 

"loop" connection of my two TEAC 
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Some of the reasons why 
other turntables don't perform 

quite like a Dual. 
Because of the wide acceptance and acclaim 

Dual has earned over the years, especially among 
audio experts, many Dual features inevitably appear on 
competitive turntables. 

To copy a Dual feature is one thing: to achieve 
Dual performance and reliability is quite another 
matter. The true measure of a turntable's quality is 
not its features alone, but how well the entire unit is 
designed and manufactured. 

Following are just some of the ways in which 
Duals differ from other automatic turntables. 

Gyroscopic gimbal suspension. 
The gyroscope is the best known scientific 

means for supporting a precision instrument that 
must remain perfectly balanced in all planes of 
motion. That is why the tonearms of the 1218 and 1229 
are suspended in true, twin -ring gimbals. 

Every Dual gimbal is hand -assembled and 
individually checked with gauges especially developed 
by Dual for this purpose. This assures that thehorizontal 
bearing friction of the 1229 for example, will be no 
greater than 0.015 gram, and vertical friction no 
greater than 0.007. 

True single -play automatic tonearm. 
A turntable of the 1229's caliber is used primarily 

in its single play mode, so the tonearm is designed to 
parallel a single record on the platter. For multiple - 
play, the entire tonearm base is moved up to parallel 
the tonearm to the center of the stack. 

The 1218 tonearm provides the single -play 
adjustment within the cartridge housing, and the 
cartridge pivots'around the stylus tip to ma ntain 
the correct overhang. 

Dual 1214, $119.95 

Dual 1218, $189.95 

Stylus pressure around pivot. 
Today's finest cartridges, designed to track 

at around one gram, have little margin for error. 
In the 1229, therefore, the tracking pressure scale is 

calibrated within 0.10 gram from 0 to 1.5 grams. 
To maintain perfect balance on every Dual 

tonearm, stylus pressure is applied internally and 
around the pivot. This is accomplished by a very 
long spring coiled around the pivot. Only a small portion 
of the spring's length is needed to apply the required 
pressure, thus contributing greatly to the accuracy of the 
calibrations. 

Avoiding sounds that weren't recorded. 
The rotor of every Dual motor is dynamically 

balanced in all planes of motion. Each motor pulley and 
drive wheel is also individually examined with special 
instruments to assure perfect concentricity. 

Any residual vibration within the motor is 

isolated from the chassis by a three-point damped 
suspension. Finally, every assembled Dual chassis is 

"tuned" to a resonance frequency below 10 Hz. 

The best guarantee. 
All these precision features and refinements 

don't mean that a Dual turntable must be handled 
with undue care. So we're not being rash when we include 
a full year guarantee covering both parts and labor 
for every Dual. That's up to four times the guarantee 
you'll find on other automatic units. 

Now, if you'd like to know what several 
independent test labs say about Dual, we'll send you 
complete reprints of their reports. 

Better yet, just visit your franchised United Audio 
dealer. You'll see for yourself that only a Dual performs 

precisely like a Dual. 
Dual 

Dual 1216, $154.95 

Dual 1229, $259.95 

United Audio Products, Inc., 120 So. Columbus Ave., Mt. Vernon, N.Y. 10553 
Exclusive U.S. Distribution Agency for Dual. 
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The QUAD 
Electrostatic was the 
first full rar.ge elec- 
trostatic loudspeaker 
produced commercially 
and is still the standard by wnich all others 
are judged. ising closely coupled moving 
elements some two hundred times lighter 
than the diaphragms of moving coil loud- 
speakers and being entirely free of cabinet 
resonances and colouration, this loud- 
speaker overcomes the usual major prob- 
lems of loudspeaker design and provides 
remarkably natural reproduction of sound. 
This explains why the QUAD electrostatic 
loudspeaker is used by broadcasting and 
recording organisations all over the world, 
in applications where quali:y is of prime 
importance, and as a standard of refer- 
ence by the majority of loudspeaker 
manufacturers. 

QUAD for the closest approach to 
the original sound. 

QUAD 
is a registered trade mark 

For details of your nearest dealer 
write to Acoustical Manufacturing Co. Ltd., 
Huntingdon PE17 7DB, England. 

A4010S tape decks. I have occasionally 
made two tape copies of old discs at 
the same time, by connecting the tape 
output from the preamp to the first tape 
deck, the output of the first tape deck 
to the line -in on the second tape deck, 
and the output of the second tape deck 
back into the input jack on the pre - 
amp. This setup seems to work quite 
well, but I have noticed on occasion a 
loss of high frequencies in the product 
of the second tape deck. I clean and 
demagnetize my tape heads once 'each 
week, so I am quite sure this is not the 
problem. Would there be a possible 
further loss of fidelity if a third tape 
deck is used in the same loop?-Ronald 
Burnett, APO San Francisco 

A. Have you tried reversing the 
sequence of the two tape machines in 
your loop? If the output of formerly 
your "second" deck (and now your 
"first" deck) has adequate high fre- 
quency response, the fault would not 
appear to be in this deck. Rather, the 
fault would appear to be in the cu- 
mulative effect of a slight treble loss 
in each machine. 

High quality tape machines, in order 
to obtain an optimum combination of 
low noise, low distortion, and good 
treble response, typically are down 2 
to 4 db at 15,000 Hz at 71/2 ips. This 
is consistent with industry standards. 
While such a drop tends to be in- 
audible if one goes through only one 
step of recording and playback, it 
becomes audible when one goes 
through two steps, as you do in your 
loop. Introducing a third machine into 
the loop would increase the problem. 

Bias Requirements 
Q. (1) I have many tapes recorded at 

33/4 ips, and occasionally have to dub 
parts of one reel onto another, connect- 
ing the line out directly to the line in 
jacks of the tape recorders. This works 
OK, but of course it works twice as fast 
if the speed of both recorders is set at 
7' ips. My question is, if I use the 71/2 

ips speed, at which speed should I set 
the bias on the recorders? (2) When 
using a good brand of low -noise tape, 
what is about the average range of re- 
cording in dB from distortion on the top 
end to noise on the bottom end? Some 
program material ranges from sounds so 
low Mat the VU meters won't register to 
crescendos that peg the meters. (3) If 
one's machine is biased for low -noise 
tape, what is the result of using the so- 
called standard tape?-L.N. Norman, 
Winthrop, Iowa 

A. (1) Set the bias at 7' ips. Keep in 
mind that if you play and record at 
double the speed, all frequencies are 
doubled. This means that the elec- 

tronics of your tape machines have to 
handle frequencies to about 30,000 Hz. 
Also, to avoid the possibility of beat 
frequencies between the oscillator fre- 
quency and the audio frequencies, the 
oscillator frequency of your recording 
machine should be about five times the 
highest audio frequency-about 150,000 
Hz. 

(2) Good tape has a dynamic range 
of something like 65 dB. 

(3) Low -noise tape requires more 
bias than conventional tape. If con- 
ventional tape is used on a machine 
adjusted for low -noise tape, a fall- 
off in treble response may be expected. 
This is made worse by the fact that 
a machine adjusted for low -noise tape 
employs less treble boost in record- 
ing than one set for regular tape. 

Mono and Stereo Playback 
Q. I am contemplating the purchase 

of two cassette recorders, specifically 
the Sony Model TC -100A and the 
Crown Model CSC 9350 M. The former 
is monaural, and the latter is a stereo 
recorder. The Sony recorder is to be 
used for voice type letter recordings 
made on the Crown recorder, and vice 
versa. I am told that because of the 
two different type heads (one stereo and 
the other mono), that playback may not 
be possible. It is this point that I am 
unfamiliar with and would appreciate 
your comments on.-Jose F. Reyes, 
APO San Francisco 

A. If the Sony (mono) machine has 
quarter -track heads (permitting four 
tracks to be recorded), then you should 
be able to interchange recordings made 
on the Sony and Crown machines. 
That is, a recording on either can be 
successfully played back on the other. 
If the Sony has half-track heads, then 
there is a problem of compatibility. 
A recording made on the Sony can 
be played back on the Crown (although 
with some loss of signal-to-noise ratio; 
because the quarter -track head of the 
Crown does not cover all the track re- 
corded by the Sony). However, a re- 
cording made on the Crown cannot be 
played back on the Sony, unless you 
avoid recording on tracks 2 and 3 (the 
middle tracks). The reason is that the 
half-track head of the Sony will span 
more than one of the quarter -tracks of 
the Crown. 

If you have a problem or question on tape 

recording, write to Mr. Herman Burstein at 

AUDIO, 134 North Thirteenth Street, 
Philadelphia, Pa. 19107. All letters are 

answered. Please enclose a stamped, self- 

addressed envelope. 

Check No. 2 on Reader Service Card 10 AUDIO MARCH 1974 



Realistic thinks you shouldn't 
have to buy a new 
deck to get Dolby' 

And you don't! Just add the Realistic" DNR-1 Dolby 
noise reduction system to your present deck. And get 
a signal-to-noise improvement of up to 10 dB at 10 
kHz-for virtual elimination of tape hiss and noise. 
Use it with any stereo cassette, 
cartridge or open -reel deck. Or 
Dolbyized FM broadcasts. A 
"record check" switch lets you 
monitor the Dolbyized signal, as 
it's being recorded, on 3 -head 
decks. And there are dual, 
illuminated VU meters. Built- 
in 400 Hz generator for 
precise calibration. Re- 
sponse, 20-15,000 Hz, 
±2 dB. Harmonic distor- 
tion, under 0.5%. The 
low-cost way to 
Dolbyize. #14-893. 
9995 

Unless 
you want to. 

The Realistic SCT -6C stereo cassette deck is a 
pretty good reason for wanting to. Not only does 
it have Dolby built in, but it has a lot of other 
good things too. Like a bias switch for low -noise 
chromium dioxide cassettes-with or without 
Dolby. A handy "edit lever" for skipping 
unwanted material as you record. Pushbutton 
pause. Memory rewind. Automatic end -of -tape 
shutoff. Big, illuminated VU meters. And there's 
a preamp output level control for matching any 
amp. Response, with CrO2 tape, 30-15,000 Hz 
±2 dB. Signal-to-noise ratio, with Dolby in, 
56 dB. Wow & flutter, 0.14% RMS. Exclusively 
at a Radio Shack store near you. #14-898. 

24995 
*Dolby is a trademark of Dolby Laboratories, Ltd. 
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Rad ie 1ha k 

and Allied Radio Stores 

0 A TANDY CORPORATION COMPANY 

FREE 1974 CATALOG 
AT 2000 RADIO SHACKS OR BY MAIL 

362 

Full Color -180 Pages! Hi-Fi, CB, Kits, 
Recorders, Antennas, Parts, More! 

Name (print) Apt # 

Street 

City State ZIP 

MAIL TO: Radio Shack, P.O. Box 1052, Fort Worth, Texas 76107 

1 

Retail prices may vary at individual stores 



What's New in Audio 

Communications Company 
Reverb Timer 

The RT 60 reverberation timer mea- 
sures reverberation time in real time 
and does not require a chart recorder 
for analysis. The compact, light- 
weight, portable unit is powered by 
a self-contained ni -cad battery and 
has digital readout. Third -octave band 
pass filters with frequencies centered 
on 250, 500, lk, 2k, and 4k Hz are 
used. The unit comes in a metal 
carrying case, with handle, and mea- 
sures 5 in. by 5 in. by 7' in. Price: 
$395.00 F.O.B. the manufacturer. 

Check No. 49 on Reader Service Card 

3M Cartridge Decks 

Dolbyized models 8075 (2 -channel 
record/playback) and 8080 (2 -channel 
record/4-channel playback) were dem- 
onstrated at the Winter CE Show in 
Chicago. The units were designed spe- 
cifically for use with the new 3M ferric 
oxide tape, said to boost frequency 
response to the 15,000 Hz range. Each 
deck has a selector switch enabling it 

to record or play either standard or the 

new 3M tape. The Dolby circuits func- 
tion in both recording and playback 
modes and in conjunction with Dolby- 
ized FM broadcasts. Signal-to-noise 
ratio is said to be increased 10 dB at 
4,000 Hz and above. Model 8075 fea- 
tures a minutes -and -seconds timer, fast 
forward mode and a special cueing 
system to assure that the tape is always 
at the beginning when the unit is placed 
in the record mode. Model 8080 has 
a digital minutes -and -seconds counter 
and, in addition to recording and re- 
producing stereo, plays pre-recorded 
4 -channel tapes. Model 8075: $299.95; 
Model 8080: $344.95. 
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Polk Loudspeaker 

The Model Nine 3 -way column fea- 
tures four 41 -in. extended range 
drivers, an 8 -in. passive radiator and a 
piezoelectric high frequency unit in a 
controlled dispersion array. This ar- 
rangement is said to provide primarily 
direct radiation of the upper fre- 
quencies, progressing gradually to 
primarily indirect radiation for the 
lower and lower -mid frequencies. 
The piezoelectric principle eliminates 
the magnet and voicecoil of conven- 
tional dynamic designs and replaces 
them with a ceramic crystal element 
which eliminates the need for a cross- 

over network. The speaker can be 
driven by as little as six watts (rms) 
per channel or as much as 100 watts/ 
channel without damage. The unit 
measures 9 in. x 10' in. x 33' in. 
high and is priced at $165.00. 

Check No. 51 on Reader Service Card 

Nortronics Booklet 
Next time you visit your Nortronics 
dealer, pick up his free Form #7334. 
The brochure contains details on the 
company's line of test and alignment 
tapes for cassette, 8 -track cartridge, 
reel-to-reel, and broadcast spot an- 
nouncer recorders. Discussed are: the 
need for and use of test tapes, de- 
tailed info on Nortronics' compre- 
hensive line of tapes, and a brief 
section describing the QM -Series 
Recorder Care Products. 

Catalogs 
The free, 48 -page Audel Book Catalog 
is now available. Described are 98 
books specifically written for the 
do-it-yourselfer and craftsman. Some 
titles included are: Electronic Security 
Systems, Home Workshop, House 
Wiring, Radio and Television Library, 
Electrical Library, plus many more. 

* * * 

Over 400 titles are featured in the 
Sams Book Catalog for electronics 
enthusiasts and do-it-yourselfers. The 
books themselves are written by 
experts and professionals in easy - 
to -understand language and are loaded 
with photos and drawings for better 
understanding. Covers topics from 
amateur radio to circuits and compo- 
nents to test equipment. 

* * * 

The 1974 Heathkit catalog features 
a huge selection of electronic kits for 
the home builder. Choose from color 
TVs, 4 -channel audio components, 
amateur radio equipment, a digital 
electronic clock or any of dozens of 
projects. Each kit comes complete 
with an easy -to -understand and follow 
assembly manual. 
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3n Quest 901fictien... 
"Jonathan Livingston 
Seagull" is a story about 
striving, struggling, soaring 
in quest of perfection. 

In the film adaptation of 
the best selling book, 
"Jonathan Livingston Sea- 
gull," the spirit of the quest is captured 
in a moving original music score com- 
posed and performed by Neil Diamond.* 

Transforming the celebrated book 
into an unique motion picture was 
a monumental task that demanded 
the finest cinematography and music reproduction 
modern technology could produce. So Neil Diamond 
selected BOSE 901®Speakers to reproduce his music 
for the press premiares of "Seagull," commenting: 
"After auditioning what were reputed to be the best 
high fidelity speakers on the market today, I chose 
BOSE 901 Speakers because they offer the ultimate 
in theatre music reproduction." This is no surprise to 
thousands of 901 owners around the world who believe 
they enjoy the ultimate in music reproduction in 
their homes. Chock No. 13 o 

In our ever -continuing quest 
of audible perfection, we 
developed the new BOSE 
901 SERIES II Soeakers -- 

a product of over 15 years 
of research in musical 
acoustics.f We invite you 
to compare the BOSE 901 

SERIES II with any speaker on the market 
today. Judge for yourself if you agree 
with Neil Diamond's selection and with the 
critical acclaim the original 901 received 
from professional music and equipment 
critics. 

For information on the BOSE 901 
SERIES II, complimentary copies 

of the rave reviews on the original 901, and a report on 
the theatre sound system competition, circle your 
reader service card or write Dept.A1. 
*Original motion picture soundtrack recording available on Columbia 
records and tapes. 
1This research is presented in the article "Sound Recording and Repro- 
duction" published in TECHNOLOGY REVIEW (MIT), Vol. 75, No. 7, 
(une '73. Reprints are available from BOSE for fifty cents a copy. 

n Rader service C.rd 
The Mountain, Framingham, Mass. 01701 



Editor's Review 

ONE OF THE MOST interesting chores one assumes 
when taking over the editor's chair at a maga- 

zine such as AUDIO is reviewing, or assigning for 
review, the various publications which are sent in. 

These range from the catalogs of the different manu- 
facturers and sales organizations, through the latest 
transistor substitution handbooks, to the regularly 
appearing and, I must add, much needed guidebooks 
for the novice (needed to keep them from achieving 
listings in the Guinness Book of Records under acoustic 
feedback and ground -loop hum). Items falling into 
the first category generally are quickly placed in the 
proper hanging file in one of four file cabinets. 
Those in the last two categories often will receive a 

short write-up, which eventually appears in the 
"What's New in Audio" column, and then the book 
is placed in the proper area of AUDIO'S small library. 

Now and again, we will receive a volume which 
will deserve a considerably more complete discussion. 
Two of these have come in recent months, and I 

would be remiss in my duties were I not to share 
them with you. 

The first is ACOUSTICS: Historical and Philo- 
sophical Development, a collection of 39 articles, 
some of which have been translated into English from 
the French, German or Latin for the first time. R. 

Bruce Lindsay, of Brown Univ., is the editor of the 
volume and of the series to which it belongs, Bench- 
mark Papers in Acoustics, which is being published 
by Dowden, Hutchinson & Ross, Inc., Stroudsburg, 
Penna. 18360. Price of the 480 -page book is $24.00, 
and it is distributed outside the U.S. and Canada by 

John Wiley and Sons, Inc., 605 Third Ave., New York, 
N.Y. 10016. 

Lindsay opens the book with a short introduction, 
entitled "Acoustics: Science, Technology, and Art," 
which is then followed by Lindsay's account of the 
"historical progress of the science of acoustics," which 
appeared in the April 1966 issue of the Journal of 
the Acoustical Society of America, of which Lindsay 
is Editor -In -Chief. The other papers in the book, 
from Aristotle's De Anima and De Audibilibus through 
Sabine's "Reverberation," are presented in chrono- 
logical order and include selections by Galileo, Boyle, 

Newton, Helmholtz, and Lord Raleigh. 
To say the very least, this volume should be con- 

sidered a "must" for most everyone seriously con- 

cerned with acoustics. It is intended by the editor 
"to serve as an introduction to the series as a whole, 
in that it emphasizes through its 39 articles the his- 

torical and philosophical growth of the whole subject 
from very early times up to approximately 1900." 

To my lights, it accomplishes this purpose very well. 

About the only criticism I have, something which 
others may like, is that the type used to print most 

of the articles has been photocopied from early 
editions of the various works. While in my opinion, 
this makes for difficult reading, others might well 

reply that it helps give the reader the flavor of the 
time. 

Two other volumes in the Benchmark series have 
been published: Underwater Sound edited by Vernon 
Albers and Speech Synthesis edited by J. L. Flanagan 
and L. R. Rabiner. Some 10 other volumes have 
been announced, including Physical Acoustics edited 
by Mr. Lindsay, Psychological Acoustics edited by 

Arnold Small, Physiological Acoustics edited by Small 
and Joel S. Wernick, and Acoustical Instrumentation 
edited by Benjamin Bauer. 

The second book which I would like to commend 
to your attention may appear somewhat more prosaic 
since it is a dictionary, but, oh, what a dictionary. 
It's the IEEE Standard Dictionary of Electrical and 
Electronics Terms, and it contains more than 13,000 

definitions, which are the official standards of the 
IEEE. As the flyleaf notes, the work is the product 
of decades of labor and contains hundreds of new 
terms as well as revisions of earlier ones. 

The definitions are arranged in standard alphabeti- 
cal fashion and are supplemented with data on 
preferred usage, variations in meaning among special- 
ties, cross-indexing to related words, and code numbers 
which identify the source of definition and the field 
in which it originated. The Dictionary, which has 
been approved by the ANSI, is available through 
John Wiley & Son's Wiley-Interscience division or 
the IEEE. 

Boston Section for AES 
Formed last Fall, the Audio Engineering Society's 

Boston Section will have its next regular monthly 
meeting on Wednesday, February 27th. Scheduled 
speaker is Richard Burwen, who is to demonstrate 
his noise -reduction system for discs if preliminary 
work can be completed in time. For further infor- 
mation on the meeting or on how to join the Society, 
call or write Joe Hostetter, Chairman of the Section, 
at 39 Bay State Road, No. 2-R, Boston, Mass. 02115 
(617) 262-6965 or Paul Moverman, 225 Merrymount 
Dr., Warwick, R.I. 02888 (401) 463-7272. E.P. 
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To fulfill thE rEquirEmEnts 
of thE most critical listEning 
and auditioning... Stanton 
is thE profEssional standard. 

in STEREO- The Stanton 68IEE 
If critical listening is to be unbiased, it must begin 
with a stereo cartridge whose frequency response 
characteristics are as flat as possible. One that intro- 
duces no extraneous coloration as it reproduces re- 
corded material. For anyone who listens "profes- 
sionally," the 681EE offers the highest audio quality 
obtainable at the present `State of the Art.' 

Many record critics do their auditioning with 
Stanton 681EE. Recording engineers have long used 
the Stanton 681A to check recording channel cal- 
ibration. The 681EE provides that logical continuation 

Ms. Gladys Hopkowitz, Recording Engineer 
Mastertone Recording Studio, Inc., New York 

of the Stanton Calibration Concept. High compliance 
and low tracking force assure minimum record wear. 
Its low -mass, moving magnetic system produces vir- 
tually straightline frequency response across the 
entire audio spectrum. Its built-in longhair brush 
keeps the stylus dust -free, and protects record 
grooves, thus reducing noise and wear. Each 681EE 
is individually calibrated, and the results of these cal- 
ibration tests are included with each cartridge. 

The Stanton 681EE-used by recording engineers, 
broadcasters, critics and audio professionals-the 
cartridge that sounds like the record sounds, always. 

in DISCRETE 4 -CHANNEL- The Stanton 780/4DQ 
A totally revolutionary stylus design 
concept proves to be the best solution 
for discrete playback. It's the Quadra- 
hedral - all tests and in -use demon- 
strations authenticate the value of the 
discovery. Stanton has this new stylus 
in its four channel cartridge. 

QUADRAHEDRAL This is the first American designed 
and manufactured stylus developed for discrete four - 
channel records. It was especially engineered for the 
Stanton 780/4DQ cartridge which is already the first 
choice of professional record reviewers, anxious to 
evaluate the new discrete 4 -channel discs coming 
on the market. 

The performance of the stylus (and cartridge) ful- 
fills all the extensive demands and sophisticated re- 
quirements necessary for playback and review of all 
the material recorded on discrete discs. And while 
performing brilliantly, it is actually very kind to rec- 
ords in terms of wear. Stanton's own engineers, 
whose professional products are the 
standards of the industry, tested and 
proved its characteristics, and report 
that it functions with total reliability 
in every measurable aspect. 

This new cartridge, the 780/4DQ is 
available at your franchised Stanton 
dealer. 5'l'aNTOf1 

For further information, write: Stanton Magnetics, Inc. Terminal Drive, Plainview,. N.Y. 11803. 
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Behind The Scenes 
Bert Whyte 

TEN YEARS AGO Phillips of Hol- 
land introduced what they called 
the "compact cassette." In essence 

it was a miniature reel-to-reel tape 
system enclosed in a handy -sized 
plastic cassette. With a tape width of 
less than an eighth of an inch, and 
operating at a snail -paced 17/8 ips, the 
frequency response and signal-to-noise 
ratio were quite restricted, but deemed 
adequate for its intended purpose .. . 

that of a convenient format for dicta- 
tion and sonic "note -taking." Incor- 
porated into pocket -sized battery - 
operated portable recorders, the cassette 
system soon caught the fancy of millions 
of people. 

As with any tape recording system, 
it was inevitable that the cassette would 
inspire experimentation as to its feasi- 
bility as a storage medium for music. 
In spite of the pitiful quality of those 
early monophonic recordings, it was 
obvious that quite a few people felt 
that the cassette had great potential 
as a vehicle for commercially produced 
recordings. A great deal of money, time 
and technology was lavished on the 
cassette to make it a viable music 
playback system, and the rest is his- 
tory... 

Today, the devotee of cassettes has 
a highly sophisticated system at his 
disposal. There are hundreds of models 
of cassette recorders, and from $150 
units on up to $1100, Dolby B -Type 
noise reduction is virtually standard. 
Even the modestly -priced recorders 
have quite respectable motion perfor- 
mance. Blank cassettes come in a 
wide variety of configurations, replete 
with exotic ferric oxide formulations 
as well as chromium dioxide coatings. 

Along with solid state electronics, 
these features have the cumulative 
effect of making cassette recorders 
available that have a 30 Hz to 15 kHz 
frequency response along with signal- 
to-noise ratios on the order of 58/60 
dB. The owners of these cassette 
recorders have a voracious appetite 
for blank cassettes, whose sales keep 
skyrocketing higher every year. 

As for commercially recorded music 
cassettes, there are thousands from 
which to choose covering every aspect 
of music. For quite a period it was a 
common practice of the record com- 
panies to have simultaneous releases 

of the same productions on disc and 
on cassette. The cassette world looked 
rosy indeed and, as you might expect, 
some of the rabidly enthusiastic cassette 
boosters and any number of pundits 
were claiming that the high fidelity 
quality of the cassette was as good as 
the phonograph record, and maybe 
even as good as open reel tape. Once 
again we were assured, the demise of 
the disc was at hand. However, in 
the midst of all this euphoria, you will 
note that I made my comment on the 
simultaneous disc/cassette release 
policy of the record companies in the 
past tense. And there, friends, hangs a 
tale .. . 

In this cold winter of our energy 
crisis discontent, the situation anent 
the release of recorded cassettes can 
only be described as bleak. The number 
of new cassette releases each month 
has been reduced to a trickle. RCA, for 
example, issues cassettes on a "selec- 
tive" basis now, with only those produc- 
tions they consider of "hit" status as 
candidates for the cassette format. 
Truth is, months have gone by without 
any RCA cassette releases. Ampex 
Stereo Tapes, once the fountainhead 
for a veritable torrent of recorded 
cassettes, is also operating on a "selec- 
tive" basis. Of course, they represent 
so many different record companies, 
that even with this restriction, a fair 
amount of cassettes are released each 
month. Reduced output of cassettes 
is the order of the day with most 
record companies, with Columbia 
apparently the only record company 
maintaining its output at or near the 
levels of the past several years. To put 
this whole business of recorded cassette 
releases in the most candid perspective, 
let me say that it is fairly common 
knowledge within the industry that 
a number of companies would like 
to get out of the cassette business 
altogether. 

The decline of the recorded music 
cassette is due to a number of factors. 
From the record companies viewpoint, 
it is simply a question of ever diminish- 
ing sales. Why are cassette sales down? 
To put it succinctly, and rather bluntly 
I'm afraid, the cassette at its present 
technological level cannot compete 
with the sound quality of the phono- 
graph record. A strong statement this, 

and I can see the hackles rising on the 
necks of the cassette contingent. But 
examined dispassionately, in a direct 
cassette/disc comparison, the ear 
validates the quality differentials which 
tips the balance in favor of the disc. 
Before going into some of the problems 
encountered with recorded cassettes, 
let me state that I am not "anti -cassette," 
nor do I have any particular axe to 
grind for the phonograph disc. As far 
as I am concerned, the size, shape, 
speed or any other parameter of a 
music storage medium is entirely 
irrelevant. My one criterion is that the 
medium be capable of reproducing 
music with the highest possible fidelity. 

I have been in Ray Dolby's labora- 
tory in London where I watched him 
making Dolby B cassette copies from 
Dolby A -Type 15 ips master tapes. 
The cassette recorders he used were 
high quality units, but nonetheless were 
standard models available in any hi-fi 
shop. On direct A/B comparison be- 
tween master tape and copy, it was 
difficult, if not impossible -to detect 
any difference between them. I have 
done the same thing with my equip- 
ment at home. The important factor 
here is that Dr. Dolby and I were 
making copies at a one-to-one ratio. 
This essentially is what every cassette 
recorder user does when he engages 
in the common practice of recording 
"off -the -air," or copies phonograph 
records. With virtually any standard 
recorder, using correct level settings, 
it is quite easy to produce high quality 
recordings, which is why this form of 
activity is so popular, and why sales 
of blank cassettes keep rising. 

Contrast this one-to-one recording, 
with the standard duplicating process 
used in producing recorded music 
cassettes. Naturally the dictates of 
economy call for higher speed multi- 
ples in commercial duplicating, with a 
ratio of 32 to 1 in general use. There 
are problems enough with this duping 
ratio, so one is aghast when stories 
circulate about the use of ratios as high 
as 128 to 1! The tiny width of the 
cassette tape operating at these speeds 
imposes severe guidance problems in 
the transport of the slave recorder and 
often gives rise to tape "skew," which 
can cause crosstalk. In fairness, it must 
be said that nowadays the guidance 
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Silent Partners 

If you're 
involved in the 
business of tape recording either 
professionally or simply for the 
love of it, we have an interesting 
proposition for you. 

A couple of silent partners, who 
will work day and night, assure ex- 
cellent results, let you maintain full 
control and be unfailingly reliable. 

They're the new Revox/Dolby B 
tape recorder and the Beyer DT 480 
headphones. And both of them 
come with excellent credentials. 

The Revox/Dolby B is the most 
recent version of the critically 
acclaimed Revox A77, a machine 
which was described by the 
Stereophile magazine as, 
"Unquestionably the best tape 
recorder we have ever tested:' 

Listening to tapes made on the 
new Revox with its built-in Dolby 
Noise Reduction system is a 
revelatory experience. Tape hiss 
is virtually nonexistent. The music 
seems to emerge from a back - 
around of velvety silence. And at 3% 
i.p.s. the absence of extraneous 
noise is truly startling. 

As for the 
Beyer DT 480 

headphones, they are in a class 
by themselves. Their superb 
frequency response and enormous 
dynamic range permit you to 
critically monitor and evaluate 
recording quality and balance. Add 
featherweight comfort and an 
ingenious "ear seal" that effectively 
screens out ambient noise and you 
begin to understand why a 
modifiéd version of the DT 480 was 
chosen as the European Din 
Standard in headphones. 

Together or separately, our 
remarkable silent partners could 
open your ears to recording pos- 
sibilities you never knew existed. 

Your nearest Revox-Beyer dealer 
will be delighted to arrange an 
introduction. 

We think once you've met them, 
you'll wonder how you ever did 
without them. 

For additional information and 
complete technical specifications, 
write: Revox Corporation, 
155 Michael Drive, Syosset, 
New York 11791. 

California: 3637 Cahuenga Blvd. West, Hollywood 90068. Canada: Revox Sales and Service, Montreal. 
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A brilliant idea 
realised to 
perfection: 

DIASA 
Our patented 

Diamond Phonograph Point 
on a Sapphire Shaft. 

Sapphire Shank 

Bond 

Diamond Tip \ 
So far over 1 million Di- 

amond Sapphire (DIASA) 
styli have been mounted 
Into top -class cartridges. 

Due to the low specific weight of 
sapphire (3.9) we are in a position to 

produce a phonograph point with 
exceptionally low dynamic mass. 
-The very narrow tolerances in diam- 
eter and length render the setting of 
the styli into the holder possible with 
a maximum of precision. 

We are also in a position to offer 
the following high -quality articles 
produced in our own works: 

Diamond Phonograph Styli with a 

stainless steel shank- 
Holders for styli manufactured out 

of the lightest possible aluminum 
tubes, mounted or unmounted. 

Diamond Styli 

Aluminum 

Our standard measurements 
phonograph styli are: 

1.010" x .020" long 

1.012" x .025" -.040" long 

1.016" x .040" - .060" long 

R.0007" 
R.0007" 
R .0007" 

for 

For samples and offers please contact: 
Benz Micro -Diamonds, 
Landstrasse 20, 
CH 8450 Andelfingen, Switzerland, 
or our representatives in the USA: 
Arthur C. Agazim & Son, 
P.O. Box 129, Lake Forest, Ill. 

60045 
Phone: (312) 234-4314. 

problems are far fewer than they were 
several years ago. 

The main problem with high speed 
cassette duplication is modulation 
noise. Modulation effects are caused by 
magnetic discontinuities. If the tape 
stock used for duplication has poor 
crystal structure, which cause the 
formation of dendrites (clumping 
particles and accretions which appear 
on the surface of the tape as protuber- 
ances), dropouts will occur. Although 
some of these dropouts would be detect- 
able at the 17/8 ips real-time speed of 
the consumer cassette recorder, at the 
32 to 1 duping speed multiple dropouts 
are passing by the recording head. 
This causes the sound on the recorded 
cassette to have an undulating, waver- 
ing sort of characteristic. On many 
types of music this is not too noticeable; 
the ear simply is aware of a general 
lack of clarity in the sound. However, 
in any music where woodwinds such as 
flute, clarinet or oboe are in an exposed 
position, especially in solo passages, 
the instruments sound blurred and 
buzzy. 

When a consumer plays back a re- 
corded music cassette on a unit which 
is in optimum operating condition, he 
may encounter any or all of the follow- 
ing. The sound may wow and waver in 
a rather gross fashion, especially notice- 
able during sustained piano chords. This 
wow is not inherent in the unit, but 
can be the result of a poor wind in 
the cassette tape pack or a poor quality 
and insufficiently lubricated inner liner 
in the plastic cassette. On sections of 
the cassette, the sound may exhibit 
occasional distortion because in the 
process of duplication the tape over- 
load limits have been exceeded and the 
magnetic particles have become sat- 
urated. As mentioned earlier, the most 
frequent flaw is the "burbling" sound 
of modulation noise. I should mention 
that for the most part there are no 
problems with the playback of Dolby B - 
Type cassettes, but there is the factor 
that because the Dolby process has re- 
duced the tape hiss, this often makes 
the modulation noise more apparent. 

It is all these noise and distortion 
problems, singly, or in combination, 
which have frustrated those people who 
have wanted to use recorded cassettes as 
a viable alternative to phonograph 
records. Of course, not all cassettes 
have these playback problems. Nor does 
everyone have the quality of associated 
playback equipment which is more re- 
vealing of these sonic flaws. Nonethe- 
less, enough hi-fi enthusiasts are aware 
of the problems to account for the 
declining sales of recorded music cas- 
settes. 

Can anything be done to resolve these 
cassette problems? I should note here 
that the worst culprit, the modulation 
noise, is not a consequence of high speed 
duplicating ratios alone, but a combi- 
nation of the speed and the quality of 
the tape oxide. As noted in these pages 
before, Advent Corp. is planning to 
issue recorded music cassettes which 
have been duplicated at a speed ratio of 
only 4 to 1 and use chromium dioxide 
tape. This approach is all right for a 
specialized "premium" product, but 
most engineers feel that this is not an 
economical idea for large scale dupli- 
cation. Mr. M.B. Martin, an engineer 
for the Memorex Corp. writing in the 
November 1973 issue of the Journal 
of the Audio Engineering Society on 
cassette duplication, has some very 
interesting ideas. In essence, he feels 
that the modulation noise problem could 
be solved by the use of higher quality 
tape oxides, and he lists the various 
oxides and describes their properties. 
He acknowledges the generally superior 
characteristics of chromium dioxide, 
such as the almost perfect acicular 
particle which makes it free of dend- 
rites, its higher coercivity, improved 
short wavelength (high frequency) per- 
formance. He also points out that 
chromium dioxide requires a much 
higher bias current for optimum record- 
ing, it is higher in cost than any other 
oxide, and there are special equaliza- 
tion criteria to be met. Understandably, 
Mr. Martin is keen on Memorex's new 
MRX-2 ferric oxide tape, and gives 
some very cogent reasons for its use 
in duplication. If what Mr. Martin says 
holds up in practice ... and I'm in- 
clined to think that it will ... it would 
be a shame if the duplicators didn't try 
such a product. As Mr. Martin points 
out, the extra cost involved in using his 
oxide is on the order of 3 cents for a 
C-60 cassette, and a nickel for a C-90 
cassette. If the better oxides, used at 
the same standard duping ratios, re- 
sults in a cleaner, better -sounding cas- 
sette free of modulation noise, the 
record companies should make such a 
product available to the consumer, even 
if it had to be sold at a slight premium 
to offset higher costs. 

I have an experimental Dolbyized 
chromium dioxide cassette recording 
of La Traviata, sent to me by Ampex 
Stereo Tapes, and some similar cassettes 
from BASF. Significantly, they are free 
of modulation noise, although they are 
not perfect in all sonic respects, ,i.e. 
some tape saturation. It is food for 
thought at least, and maybe some people 
will be interested in the resusitation of 
the recorded music cassette. 
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The!Best Buy' Line 

S-7050. "The winner in our 
evaluation:' Music World. (36 watt 
IHF; 10+10 RMS [8 Ohms @ 1 kHz] 
3.5 µv FM Sensitivity [IHF]; 40 dB 
selectivity) 

S7200. "Best Buy," a leading 
consumer testing magazine. 
(40+40 watts RMS [8 Ohms 
(a 1 KHz]; 1.8 pv FM 
Sensitivity [IHF]; 60 dB 
selectivity) 

There are certain rewards for 
producing the best receivers n 

this business. 
One of them is critical 

acclaim. 
And we admit, that when a 

leading consumers' testing 
magazine picks three of our 
receivers as "Best Buys" and 

ano-heri-ceperdent publication 
rates our S -70 5D as the ges_ of 
the ow -prize: receivers` to us 
it's 'ike gattina an Oscar 

But noting is more exciting 
than being diavered br_v 

thousands of new consu-nets 
who choose =fierwooc " s the 
g ants cf the i-dustry. 

S7100ä. "Best Buy," a 
leading consumer testing 
magaz ne. (22+22 watts RM3 
[8 Ohms @ 1 KHz]; 
1.9 µv Sensitivity[IHF]; 
50 dB selectivity) 

S790C'A (AM/FPM 
& S8930A (FM only), 

"Best Buy," a Fading 
consumer testing publizatior. 
(60+60 RMS [8 Ohms. 
20 20,000 Hz; 1.7 pv 
sensit vity [IHF]; 
65 dB selectiiityi 
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Ana, tuffs year, as never 
befo -e, tie word is getting around. 
Sherwocd Electronic Laboratories 
430C N. Califcrnia 
Chica_o Illinois 60618 

Shervod 
The word is getting around. 



Audio -ETC 
Edward Tatnall Canby 

Total Everything 
1. End of an Era 

Well, it really is the end of an 
Age, and the beginning of 
another. Who'd have believed 

it? These are days we will all remember. 
The old era of limitless bigger and 
better, the More and the Most, is a 
dead duck. Or rather a tired jalopy, 
clean out of gas. 

We are going to have to convert our 
thinking and our acting to a new age, 
unaccustomed as we are, an age of 
economy and careful common sense. 
What an order, for us. the biggest free 
spenders on earth! We'll do it, though, 
and it won't do us a bit of harm. Far 
from it. Not even in audio. But it's going 
to take a lot of new ingenuity, applied 
in strange new ways. Not how can we 
make MORE and still more, but how 
can we make more with less. How do 
we get along with what we have, and 
not very much of that? Unthinkable, 
but healthy. Turn that thermostat 
down, buster. 

Luckily for us, we still have the 
know-how. There is still plenty of that 
well-known Yankee horse sense around, 
the envy of much of the world, the 
ability to. DO. It's the truth! Living in 
Europe awhile last summer, I could 
actually feel it and see it. To observe 
how other people can bog down into 
frustrating complexity, where we at 
home would sail blithely right on 
through, is to marvel that with all our 
problems we really are still the original 
big-time industrial country. It's not just 
money. It's thinking, acting. Thinking 
out a system and carrying it all the way 
through, making it work no matter how 
complex or big. Or small. We are so 
direct-we move so fast! We boil things 

to essentials in moments, we know how 
to function and to get on with it, we 
demand results, or else, and we get them 
or quit. If we must, we also know how 
to change, to backtrack like light- 
ning, cut our losses, come out roaring in 
another direction. We are still uniquely 
flexible. Flexible, that is, when we have 
a mind to. We very seldom bog down 
into the unworkable in our enormous 
expanse of industry. Go man, or get out. 

Trouble is we've been misapplying 
our talents. Now we get back to basics 
and use our leverage where it counts. 
Back to Ben Franklin, to Thomas Edi- 
son and Henry Ford! With all the 
modern trimmings. The last Frontier is 
gone, the Petroleum Frontier. Just try, 
young man, to Go West on petroleum. 
(Was it Horace Greeley said it?) Young 
man, if you do try that, you will not 
get from New York to Hoboken. As for 
the Nuclear Frontier, it isn't out of 
the ground yet and the idea of limit- 
less energy that way is a pipe dream 
(but more power to it). So off to work, 
fellows and gals, to see what we can do 
with what we have. It'll be fun. Gruel- 
ling fun. 

* * * 

On my work desk, for instance, sit 
two file boxes in which for years I've 
dumped the detritus a writer always 
files under his ABC. One file is made 
of ordinary office metal, finished a 
dull gray. Undistinguished. The other, 
identical in size and operation, taking 
the same hanging file folders, is made 
of wood, a rather elegant veneer. I like 
it. That box was a product of WW II. 
No metal! So they converted to wood, 
and did better than ever. Good job. 

Then, back in my closet, there is a 
pile of old ETs, electrical transcrip- 

tions, big shiny lacquer discs pro- 
fessionally cut for studio and off -the - 
air recordings in the days before tape. 
Most are of me, so I could find out 
how I sounded. (I sounded awful.) 
Nothing special about these oldies, the 
big 16-inchers and the 12 -inch 78s (so 
I could play them at home). The usual 
aluminum base blanks, cut with good- 
looking grooves (wish they sounded that 
good). But a half dozen or so are dif- 
ferent. On the envelope is a big red 
label. GLASS. These, too, date from 
the depths of WW II. No metal. So 
they converted the ET to glass, and went 
right on recording. Some of those 
glass discs sound better than the metal - 
base discs that came after the war. Hold 
the disc up to the light and you can see 
right through the lacquer, a deep purple 
red. That was some breakthrough, if I 
may coin a breakable pun. It's the kind 
of thing we will be doing these days. 

You know, it is quite possible that we 
may some day convert to glass discs. 
More in a few moments. Materials like 
that are the things we will now keep our 
beady little eyes upon, just in case. It's 
a material that we have, and it isn't 
petroleum based. Suddenly, things like 
that are important. They should be. As 
for wood, you can never tell when that 
ancient, reliable and renewable raw 
material is going to turn out to be the 
best thing for a job. Hey, you kids, did 
you know we once used wooden phono- 
graph styli? I tried them. The "needle" 
wasn't even round; it was square. You 
had a cutter -slicer gadget and you sliced 
off a new edge for every record side, 
if you had the patience. Built-in auto- 
matic noise filter, around 3 kHz and 
nothing higher. You couldn't possibly 
chip the shellac record, even if you 
tried. 
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The BSRB1O. 

hiIIIM!%gqmrds 

üüntdUkNer 

For Ehe record. 
The BSR 810 starts as a record player-a machine to spin 
discs and generate music. 
It's a pretty special machine, loaded with engineering 
advances, design innovations, and all kinds of fancy 
hardware that impresses even professional audio experts 
who don't impress easily. The 810 looks classy, runs 
smoothly, keeps quiet, and is probably more reliable than 
any other record changer you can buy. 
The 810 is alt of these things; it fills many 
complex needs for many kinds of people. But if 
you just want to play records, it's just fine. You 
shouldn't settle for anything less... and you 
just can't find anything more. 

B R 
I3SR (USA) Ltd., Blauvelt, New York 10913 
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So the new age is here, and I am glad. 
I am fascinated with the possibilities 
for us Americans, once we really accept 
the economical sanity that is about to 
break upon us. Just look back-we're 
already that far away-on the dizzy, 
zany age that is now gone. An era, you 
know, is often better reflected by its 
words, what it says, than what it does. 
For years I've been writing down the 
Bigger -and Better dillies that I over- 
hear, in conversations, off the air, just 
so I can remember them and so that 
posterity, some of it, may read and 
marvel. 

Take my favorite grammatical non- 
sense out of that age, all too familiar, 
what I call the Dangling Comparison. 
(That idea comes from the dangling 
participle of our English classes: "Tak- 
ing off his shoes, they went swimming.") 
It is, rather, a limitless non -comparison, 
hanging tantalizingly, unfulfilled, abso- 
lutely meaningless (but oh-so per- 
suasive). Part of our general madness 
in these last fine years! The Dangling 
Comparison is useful, all right. "Kris - 
pie Krunch give you MORE." More 
what? They never say. More every- 
thing, anything. Sounds so good. Gin- 
ger ale is better. Oh yeah? Gasoline is 
faster. And liquor is quicker. You get 
the idea. How could you help it? Listen 
to this genuine one, taken off the air in 
the very middle of Bigger and Better, 
Hallowe'en eve, Oct. 31, 1965. A new 
FM station in the New York region. It 
described itself thus: "This is station 
XXXX-FM-where more New Yorkers 
listen to the most, in stereo." 

Well, I'm a more New Yorker, all 
right. As a New Yorker, after all, I 

must be more. But have I ever listened 
to the most? That's a question. I can 
do you better, with the quote that is the 
title of this piece. It was real. On June 
6th of 1966, I rushed to my typewriter 
to get down this succinct dilly of a 
commercial message. It sums up the 
whole crazy, wonderful age we are 
now leaving. `Enjoy Total Everything- 
All Day!" End of message. End of era. 

* * * 

Will our present sh---ges (don't say 
that word!) mean, shortly, that fewer 
New Yorkers will be listening to the 
least, in mono? I doubt it. I think that 
we may even be able to enjoy Total 
Everything, if we are really careful. 
All day, too. But it's going to take every 
bit of our traditional ingenuity, swung 
over to a new viewpoint, a new game 
plan. I expect, then, that I will be into 
a lot of the facets of our own audio 
area these next months, as seen along 
such stimulating and challenging new 
lines. I'm not bearish. I just believe 
in keeping the eyes open, the better 

to see ahead. The power of positive 
thinking, yes? 

2. Noise 
Look briefly at audio noise. It's a big 

thing, these days. It'll get to be an even 
bigger thing, I suspect, as those sh---ages 
(don't mention them!) ease their way 
into our taken -for -granted quality 
standards. Noise in sound reproduction 
is maybe the first thing to be affected 
by our, er, changed circumstances. 
It isn't yet. I'm just looking con- 
fidently ahead. 

Confidently, because of the wealth of 
superb thinking and engineering that 
has gone into noise reduction in these 
last few years. There's Dolby, and JVC, 
and in another general category, DBX 
and Burwen, and the Editor can prob- 
ably add a dozen more right here. What- 
ever the brand, the fact is that most of 
these systems have been primarily 
occupied with the fruitful area of tape. 
The tape makers, too, hand in hand with 
noise reduction electronics. Lovely 
cooperation, from two vantage points, 
the tape itself and the selective sup- 
pression of unwanted residual noise. 
But noise reduction must go where the 
noise is. Noise is where there exists 
an imperfect medium-tape, for instance. 
But noise, too-do not forget-is when 
deterioration sets in. And where will 
that be but on disc. That is where my 
mind is roaming right now. 

In WW II, you may remember, our 
supply of shellac for discs was incon- 
veniently cut off by the Enemy, who 
took over and wouldn't send us any. 
Plastics? They went to war, but weren't 
advanced to the point of usefulness in 
78s. So what did ingenuity do? For lack 
of any other solution, we suddenly 
found ourselves turning in an old shellac 
record for every new one we bought. 
Round and round! Reprocessing. 
(Where have I heard that term before?) 
This Spartan approach kept the record 
biz more or less alive for a number of 
crucial years. I wouldn't say it thrived. 
It existed. We had new records. Of 
course the quality, never any too good 
in terms of noise, went from awful to 
subliminal and horrendous.. Better 
horrendous noise, we thought, noise and 
music 50/50, than no music at all. So 
we bought records, and we played 
records, on the recirculating basis. 

We could do a lot better now. It 
might come to pass, I'd say, that one 
of these days we will start recirculating 
our present wad of vinyl. It would save 
untold tons of petroleum. That's enough 
to make us think twice, and stay one 
step ahead of the allocations. If this 
were to happen, the first big challenge 
would land on the reprocessors, to make 

old vinyl sound like new. We are good 
at things like that. But we start off, 
in this case, with near -total silence on 
our present discs, whereas shellac's 
loud old hiss covered a multitude of 
sins. With our best efforts, recycled 
vinyl noise levels would creep up only 
slowly, quite slowly. Heroic efforts 
to minimize the effect. 

The reprocessors would soon have 
allies. A second approach is the use of 
noise reduction circuits. If our present 
noise reducers were to adapt themselves 
from tape towards disc, we could have 
new means to combat possible sonic 
deterioration. Between the reproces- 
sors and the noise circuit people, I think 
we could do some amazing things, to 
Preserve Our Natural Resources and 
keep the disc alive. Dolby, of course, 
has already spread out into other areas 
than tape: optical film tracks, FM stereo 
broadcasts. I was interested to find that 
DBX now has a disc noise reduction 
system, the whole two-step bit, code 
and decode, with special discs cut to the 
DBX characteristic and a decoding box 
to play them through. Total silence! 
(But there weren't any ticks to sup- 
press:) No distortion that I could hear, 
on a once -through audition. I forgot to 
ask whether the discs could also be cut 
with SQ or CD -4 modulations. This 
system and/or others of a like nature 
could take care of a lot of problems, 
if and when. They just might have to. 

But I doubt if present noise circuitry 
is the whole answer. Those ticks and 
pops, the violently on -off transients 
of vinyl noise, are very different from 
the less jagged noise you generally 
find on tape, which is what the present 
circuitry removes. The human ear is 

fiendishly sensitive to very tiny tran- 
sients, the jagged kind, set against a 
silent background. You can hear a 
swarm of tiny ticks on vinyl that will 
scarcely register in a laboratory meas- 
urement. 

Think back again to another time, 
when the great flood of LPs burst out 
in the early 1950s after the change- 
over from 78. It was the noisiest flood 
you ever heard, a billion ticks and pops 
a minute, and we just plain got used to 
it. Didn't even listen. That's one way out 
but it's not the best. Then came vinyl 
improvements, pressing improvements, 
and to-there were only a thousand ticks 
a minute, then a hundred. Fantastic. The 
first Dolby tapes brought us, finally, 
the first tick -free discs, their clarity at 
last revealed. Well, maybe not free. But 
nowadays you can play a record for 
a minute and not hear a single tick. 
Maybe three or four on a side is par for 
the course in good records right now. 
Down on the micro -scale of the stylus 
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The speaker system that 
revolutionized speaker systems. 

Professional audio critics and musicians 
agree that the AR -3a is probably the best 
speaker system designed for home use. It 
was the first to feature the highly sophisti- 
cated suspension woofer in a 3 -way 
system. It also incorporated the indus- 
try's first hemispherical dome mid- 
range and tweeter. These revolutionary 
drivers resulted in a new dimension of 
accuracy in sound reproduction. 

The AR -3a remains unsurpassed in 
terms of low distortion, flat frequency 
response and broad dispersion as compared 
to any speaker system of its type. 

If you recognize the difference be- 
tween good sound and great sound, 
the AR -3a is the speaker system you'll 
want to own and enjoy. 

For complete specifications please 
write. 

9 TELEDYNE COMPANY 

ACOUSTIC RESEARCH, INC., 10 AMERICAN DRIVE, NORWOOD, MASS. 02062 
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BEFORE YOU BUY 

THAT RECORD .. . 

WAIT A MINUTE! 
IS IT REALLY A BARGAIN? 
IS IT THE PERFORMANCE YOU REALLY WANT? 
Check the other performances and recordings in the latest 
Schwann Record & Tape Guide. 

If it saves you disappointment over one poor purchase, it's well 
worth the time to look in Schwann first. 

Schwann -1 Monthly. Special new listing section has 
latest releases: records, 8 -track cartridge and cassette 
tapes. Nearly 45,000 total listings on 773 labels 
in classical, recent popular, rock, jazz, musical 
shows, country, opera, ballet, electronic, 
quadrasonic, etc. 

Schwann -2 Semi-annual catalog for specialized 
categories: pop more than two years old, classic jazz, 
olderand re-released mono and reprocessed stereo classical 
recordings, classical on lesser -known labels, international 
pop & folk on domestic labels, spoken, educational, 
religious, etc. 

SPECIAL PRICE SAMPLE OFFER 
If your favorite store doesn't carry Schwann, order samples by mail. 
Prices include postage and handling. 

Schwann Sampler one Schwann -1 (monthly) and 
one Schwann -2 (semi-annual) $2.50 

Latest Schwann -1 (monthly) $1.50 
Latest Schwann -2 (semi-annual) $1.25 

Newly revised Basic Record Library booklet. 
Lists 1,000 suggestions in classical music 
by musical periods for your enjoyment. Send 150 
for cost of handling, also 8¢ stamped self-addressed long envelope. 

I enclose $ for the items checked above. 
Name 

Address 

City State Zip 
Dealer's Name & Address 

Schwann Record &Tape Guide 
137 Newbury Street, Boston, Mass. 02116 AU 

tip. though, it doesn't take micro -much 
to set off a very loud noise. Our present 
standards are almost too high to last. 

Somehow, then, the noise reduction 
circuits, one-step direct and/or two- 
step code -decode, must begin to re- 
think themselves in terms of this thorny 
disc noise pollution, even before we 
have it, if we ever do. A rough chal- 
lenge. It might be important. I would 
think that the immensely sophisticated 
computer -speed actions in this advanced 
type of circuitry might be able to do a 
lot for those swarms of ticks and pops. 
(If anybody needs samples, I have 
thousands from the 1950s.) If not to 
eliminate them, then to reduce them 
to genteel unobstrusiveness. 

Maybe they can round off the jags, 
convert those vicious little sonic cliffs 
and gorges into smooth little hills, up 
and down as gently as you please. Like 
the live -audience concert coughs that 
get edited into gentle swishes. Maybe 
they could average the little hills down 
to a gray noise-and then simply remove 
the noise? Double action. I just can't 
wait for the pops and ticks to begin. 

Oh yes-the glass disc. Just a rumor I 

heard, but I suspect it's out there. Of 
course, we have all sorts of discs waiting 
in the wings. Most of them involve far- 
out conversion, like the "TV discs," 
and so are impractical for the moment, 
at least in a big way. A glass disc is 
something else. Play anywhere. 

The rumor (I'll call it a rumor, just 
to be safe) is that Corning has a special 
type of glass which can be pressed 
directly into grooves. and is flexible 
enough not to break easily. It does not 
use petroleum. Glass generally is made 
of sand and gravel and such junk, of 
which we would seem to have plenty 
all over the place. Eureka! What are 
we waiting for? Smooth as glass? Maybe 
this would solve all our noise problems 
in one fell swoop. So to heck with vinyl. 

Well, not quite. Maybe this glass deal 
isn't yet right around the corner. 
We still might have to make do with 
the noisy stuff, as described above. If 
we must, then we will. So common sense 
says think vinyl, all the way. Until 
Corning takes over. 

If we use our good heads this way, 
we should be ready for anything-glass, 
vinyl, maybe even shellac. And I'm not 
even talking about the day when saw- 
dust makes its debut, all unheralded, 
as a vinyl extender. Or maybe pumice. 
mica, chicken feed. Who knows. I'm 
not being bearish because these things 
will not happen. But in our present 
circumstances we must think that they 
might and be ready. So many more 
challenges to our ingenuity! It'll be 
exciting. Æ 
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... the most controls... the most flexibility.. a the most functions... 
the most useability... a $1,000 worth of control for $499.50 i 

Left r,Aana,l 

salame 

equalised signa!- 
spra gain ePnirUi! 
!ra .ri 

adjust linen 
for squat intensity 

M,undrraftamen Prwamp-Equalizer 

r-equalise-1 rape manitar tape dahhiag 
rape `....._2`+ï d'-..' 

RUA( r.'kan 

plum r phono 

Audio engineers agree that the ultimate Preamp must have all 
the CONTROL flexibility of a patch panel... our new PE22 /7 
has pushbutton patching, plus 22 more MUST features, a . X499.50includes walnut -grain 

cabinet, or rack -mount. 

ALL PUSHBUTTONS INTERLOCKED to prevent inadvertent program destruction DISCRETE -OCTAVE EQUALIZATION CON- 
TROL of ten octaves on each channel, ±12db each octave FULL -SPECTRUM LEVEL CONTROL for each channel AUTOMATIC 
CONTINUOUS MONITORING by light -emitting diodes for visual warning of overload in output circuits VISUAL ZERO -GAIN 
EQUALIZATION BALANCING on music, white noise or pink noise SELECTION OF TEST LITES on or off. TAPE DUBBING BE- 
TWEEN TWO MACHINES, with optional simultaneous equalizing and monitoring DOUBLE -DUBBING into two recorders simul- 
taneously SEPARATE SYSTEM -SELECTION enables full use of all other functions during the tape dubbing operation LINE OR 
TAPE equalization selector AUTOMATIC EQUALIZER -DEFEAT when line or tape equalizer is not in use FRONT PANEL TAPE 
input-output jacks for easy 2nd and 3rd tape recorder hookup access TAPE MONITORING of either tape at any time TWO 
stereo headphone jacks MONO SELECTOR for left, right or both channels to both outputs REVERSE -STEREO mode TWO 
low-level phono inputs FOUR independent phono preamps SIX A/C outlets, 4 switched, 2 unswitched ELECTRO -PLATED 
FERROUS CHASSIS - (eight sections) - provides optimum shielding to minimize magnetic field -coupling SINGLE -POINT 
system ground connector minimizes ground -loops TWO REGULATED power supplies. 

SPECIFICATIONS 
FREQUENCY RESPONSE - Hi -level inputs: i 1/4 dB, 5 Hz to 100 KHz 
FREQUENCY RESPONSE - Phono inputs: ± 1%dB, 20 Hz to 20 KHz (Typ. 
HARMONIC DISTORTION: less than .05% at 1 volt, (Typ..01 % at 1 volt) 
IM DISTORTION: less than .05% at 1 volt, (Typ..01 % at 1 volt) 
SIGNAL-TO-NOISE - Hi -level inputs: 100 dB below full output 
SIGNAL-TO-NOISE - Phono inputs: 84dB below a 10mv input 
SIGNAL-TO-NOISE - Equalizer section: 90dB below a 1 volt input 
GAIN - Phono: 57dB 
GAIN - Hi -Level: 15dB 
INPUT IMPEDANCE - Phono: 47,000 ohms 
INPUT IMPEDANCE - Hi -level: 50,000 ohms 
OUTPUT IMPEDANCE: 600 ohms 
MAXIMUM OUTPUT: 5 volts into hi impedance, 2.5 volts into 600 ohms 

Check No. 41 on Reader 

90(0l(eY 1721 Newport Circle, Santa Ana, California 92705 

/4 dB) 
EQUALIZER LEVEL: Zero -gain controls for -left and right channels, continuously 
variable, for unity -gain compensation from 12dB to }- 6dB. 
EQUALIZER RANGE: 12dB boost and 12dB cut, each octave centered at 
30, 60, 120, 240, 480, 960, 1920, 3840, 7680 and 15,360 Hz. 
MAXIMUM OUTPUT SIGNAL: Variable master volume control allows adjustment 
of optimum output to match amplifier capability up to 5 volts. 
CIRCUIT BOARDS: Military grade G-10 glass epoxy 
RESISTORS: Low -noise selected carbon -film 
POWER SUPPLY: Separate supply for phono and equalizer 
DIMENSIONS: Walnut -grained case 71/4" high x 20" wide x 111/4" deep. 

Genuine oiled -walnut cabinet available, $49.00 extra. 
Front panel size 51/4" x 18" 
Rack -mount panel size 51/4" x 19", $20.00 extra. 

WARRANTY: 2 years parts and labor 
SHIPPING WEIGHT: 28 lbs. 
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From 
The Orlolon 
Test Record Library 

KEEPING TRACK of the test 
records available in the world 
is almost a full time job, 

particularly if one wants to know what 
is cut into the records and what this 
can tell you when testing a particular 
phonograph cartridge. Ortofon has 
quite a library but fortunately only 
a few of them are used frequently. The 
important measurements are: frequency 
response and crosstalk, output, square - 
wave response, distortion, tracking 
angle, and tracking ability. 

These measurements can be con- 
ducted on various test records, but 
how does one choose from the big 
selection? Ortofon has been cutting 
quite a few test records themselves, 
and therefore it is natural to standard- 

*Ortofon Manufacturing A/S, Valby, 
Denmark 

Henning S. Madsen* 

ize on some of our own, but on top of 
these, quite a few other records are 
frequently used. In reviews and tech- 
nical articles test results are reported, 
and it is necessary to be able to repeat 
these measurements. Since Ortofon 
cartridges are sold in most countries 
of the world, we end up using German 
DIN records as well as American and 
Japanese test records. 

After a very brief description of how 
a magnetic cartridge works, our test 
record collection is listed. Finally the 
instrumentation which is necessary for 
carrying out various measurements is 
discussed together with typical results. 
The conclusion deals with the diffi- 
culties encountered in making measure- 
ments involving records. A standard 
measuring method applying some kind 
of a piezoelectric shaker is suggested. 
Two earlier articles about test records 

Pole piece 

Rubber bearing-, 
pivot 

Cantilever - - 

assembly 

Fig. 1-Cantilever assembly in magnetic circuit. 

can be recommended (ref. 1 and 2). 
They give many fundamentals. 

Magnetic Phono Cartridge 
Principle 

A magnetic phonograph cartridge 
is a transducing element capable of 
changing the mechanical movement 
to which the stylus is subjected in 
the record groove into electrical sig- 
nals. The most common method is 
via a tiny rod magnet mounted at the 
end of the cantilever opposite the 
stylus in a magnetic airgap. Figure 1 

illustrates how the armature is pivotly 
mounted at its center of gravity. Varia- 
tions in the airgap cause a varying 
magnetic flux through the pole pins, 
which in turn induces an electrical 
voltage across the two surrounding 
coils connected in series. 

The guiding mathematical formula 
for such a magnetic transducer is 
given below (ref. 3): 

e = Tv 
where v is the velocity; T is the 
electro -mechanical coupling factor 
which only depends on the magnetic 
circuit, and e is the voltage. This tells 
us that the magnetic pickup is a 
velocity transducer and not an ampli- 
tude transducer as the crystal pickup. 
This is important to know when 
talking about frequency response 
measurement. A flat frequency re- 
sponse measurement requires a test 
record with a constant velocity sweep 
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Can you live without 
a 400 watt amplifier? 

Maybe. If you're content to listen to music at a less than 
realistic level. Or if you don't mind the loss of quality 
caused by clipping during the more dramatic passages in 
your favorite records. On the other hand, if you want to 
listen at a real -life level without distortion, you need 
at least 400 watts of amplifier power. Other things being 
equal, the more power you have to drive those fine 
speakers, the more faithful the sound. Julian Hirsch put 
it this way: "Anyone using a low -efficiency speaker .. - 

with an amplifier in the 30 to 50 watt class cannot approach 
realistic listening levels without severe clipping." And 
Audio, after listening to the Phase Linear 400, said,. 
"... many people do not realize just how much power 
necessary to handle peaks without _lipping ..." 
Stereo Review summed up: "A superb ampli- 
fier, furnishing the essential qualities of the 

(Phase Linear) Model 

Advanced design heat sink 
provides protective cooling. 

700 at a much lower 
price (almost a 
bargain in t_oday's 
market)." 

At $499.00 why live with anything less 
than the Phase Linear 400? Ask your 
dealer for an audition. 

eAtrf4e 
innair 
400 
THE POWERFUL DIFFERENCE 

PHASE LINEAR CORPORATION 

P.O. BOX 549 

EDMONDS, WASHINGTON 98020 
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Phase Linear 400 
400 watts RMS direct coupled solid 
state stereo power amplifier. 
POWER: Greater than 200 watts/chan- 
nel RMS both channels driven into 8 
ohms. Power at clipping typically 250 
watts/channel into 8 ohms and 400 
watts/channel RMS into 4 ohms. HAR- 
MONIC OR I.M. DISTORTION: Less 
than .25%, typical y less than .05%. 
PROTECTION: Patented protection cir- 
cuit monitors energy, shuts down am- 

plifiet if safe cperating levels are 
exceeded. HUM AND NOISE: 

Beter trar 100 db below 200 
watts. STABILITY: Absolutely 

stable wi-h all speaker loads 
i iclucing eis2,trostatic 
units. WARRANTY: Three 
years, parts and labor. 

PRIZE: $499.00 
'AIA_NUT CABINET: 

$37.C')_ 
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from 20 Hz to 20 kHz or more. We 
will return to this subject later. 

One special magnetic cartridge is 
the moving -coil cartridge. It works by 
moving a few turns of a coil in a 
homogenous magnetic field. A step- 
up transformer or prepreamplifier is 
normally required. Also this kind of 
transducer is of the velocity type. 

Test Record Library 
Table 1 lists the records presently 

in Ortofon's library. A description of 

what type of measurements can be 
performed with the records is also 
given, though a detailed specification 
is not included. Some of the test 
records have been the subject matter 
for technical papers. In these cases 
the reference literature is given. 

Most Frequently Used Records 
The output level at 1 kHz of both 

channels at a standard velocity of 3.54 
cm/s rms is a rather important figure. 
The laboratory standard record is the 

Left 

Right 
Record player 
Thorens TD 124 

Head phones 

Hi-Fi Amplifier 

Fig. 2-Set-up for measuring tracking ability. 

Switching box 
47 or 100 kohm load 

Left 

Record playe 
Right 

Dual Beam 
Oscilloscope 

Linear measuring 
amplifier 
B&K 2606 

Level 
recorder 
B &K 2305 

Fig. 3-Set-up for measuring frequency response and crosstalk. 
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Fig. 4-Typical frequency response and crosstalk without low -end 
compensation. 
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Remote cónfol'--- Ji 

Fig. 5-Briiel & Kajar measuring set-up with filter. 

CBS STR 100. It is a very simple 
measurement requiring only a record 
player and an electronic voltmeter. In 
between can be connected a left/right 
switching box with the standard electri- 
cal load of 47-Kohms built in. In this 
way also the separation or crosstalk 
can be measured. 

Why is this measurement important? 
It is because it correlates with many 
other important figures like frequency 
response and tracking ability. If the 
pivot point is not correctly mounted, 
the moving mass is increased and a 
drop at 20 kHz results but at the same 
time the output voltage is either 
increased, that is when the pivot point 
is moved closer to the stylus allowing 
greater movement of the armature in 
the airgap, or decreased when the 
pivot is moved away from the stylus. 
The first situation also reduces the 
tracking ability at low frequencies 
because the compliance is reduced. 
One can see that a high output nor- 
mally characterizes a cartridge with a 
low performance. On the other hand, 
there is a minimum output which can 
be tolerated in order to keep the 
signal-to-noise ratio high. 

That the difference between the 
channels is not too great is measured 
at the same time. All these measure- 
ments are included in the performance 
test in the quality control at Ortofon. 
The OR 1013 is presently the test 
record which every single cartridge 
must play before leaving the factory. 
The relative level at 7.5 kHz, 15 kHz 
and 20 kHz is also tested. 

The tracking ability at 300 Hz is also 
tested with this record. The laboratory 
standard is the German HiFi record 
No. 2 which has increasing levels from 
20 um peak to 100 ram peak at 300 
Hz. A combination of watching the 
signal on a dual -beam oscilloscope 
and listening with headphones is used. 
Figure 2 shows the set-up. 

Frequency response is a very common 
measurement in the laboratory. Usu- 
ally the OR 2015 test record is used. 
It has a very fast sweep. The measur- 
ing set-up is shown in Fig. 3 and a 
typical result is shown in Fig. 4. The 
curve is not tlat in the low end since 
it is not possible to cut a constant 
velocity of 3.54 cm/s down to 20 Hz 
as the cutterhead is not able to cut 
such large amplitudes. The RIAA 
characteristic is adopted on this record 
in the low end. Another test record, 
the CBS STR-100, has a constant 
amplitude up till 500 Hz and then a 
constant velocity from 500 Hz -20 kHz. 

A more complicated measuring 
set-up is required if one wants the 
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response to be flat down to 20 Hz. 
It involves a filter, and the crosstalk 
can only be measured if it is measured 
with a spectrometer. Brüel & Kjaer has 
a special arrangement for this measure- 
ment (Fig. 5 and ref. 4). 

With the advent of the CD -4 four - 
channel system, new test records with 
frequency sweep up to 50 kHz were 
required. Ortofon has, in cooperation 
with the two other Danish companies, 
Brüel & Kjaer and Bang & Olufsen, 
cut the new test record QR 2010 which 
has a very fast sweep like the OR 
2015, Measuring CD -4 cartridges can 
be done on the same measuring set- 
up if the switching box has a built-in 
alternative electrical load of 100 
Kohms as required for CD -4. 

The JVC record TRS 1005 is com- 
monly used in the laboratory for 
measuring CD -4 cartridges. It has a 
sweep from 1 kHz to 50 kHz. 

Distortion measurements are per- 
haps the most powerful measurements 
to establish the different cartridges' 
ability to reproduce sound from 
records. Distortion can be divided 
into harmonic distortion and inter - 
modulation distortion. The latter of 
these is most frequently used and 
several test records are available. 

At Ortofon the German DIN record 
45542 is most frequently used. It has 
two different tones, 300 Hz and 3000 
Hz. The low tone has a level of 12 
dB higher than the high tone. If the 
low tone is filtered out, only the high 
tone should remain but some trace 
of the low tone will usually remain. 
See Fig. 6. These low-pitched varia- 
tions can be detected with a wow -and - 
flutter meter, as shown in Fig. 7. 
Figure 8 shows the result for two 
Ortofon cartridges. 

A recent test record from Shure, TTR 
103, has tone bursts of 10.8 kHz with 
a repetition frequency of 270 Hz (ref. 
5). This record will tell about tracking 
ability at higher frequencies because 
distortion is just a more technical term 
for tracking ability. The measuring set- 
up is shown in Fig. 9 with typical re- 
sults in Fig. 10. 

RCA presented long ago their two - 
glide -tone intermodulation test record 
(ref. 6). With the wave analyzer set at 
the difference tone, the distortion is 
measured up to 20 kHz at four different 
levels. Figure 11 shows typical results. 

The harmonic distortion measurement 
has more recently become a very so- 
phisticated test since new measuring 
equipment has made it possible to 
measure the second, third or any higher 
harmonic during a sweep. The measur- 
ing set-up involves a heterodyne ana - 

Fig. 6-3 kHz with 300 Hz modulation. 
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lyzer and a tracking frequency multi- 
plier, as shown in Fig. 12. Figure 13 
shows typical results. 

The tracking angle is the angle be- 
tween the record surface and a line from 
stylus tip to the pivot point. For many 
years this angle has been 15° as a stand- 
ard, but recently a change to 20° has 
been recommended because 15° was 
very difficult to meet. It is very im- 
portant that the angle with which the 
record is cut coincides with the track- 
ing angle during replay, since the dis- 
tortion increases tremendously if this 
is not the case. The way to measure the 
tracking angle is by means of distortion. 
Again, the German DIN record 45542 is 
adopted. Two different tones are cut 
into the record simultaneously with 
different angles from 6 to 30 degrees. 
When measuring with a wave analyzer 
adjusted to the sum frequency, one gets 

a minimum output when there is a 
coincidence between the pick-up track- 
ing angle and the angle with which the 
groove is cut. See Fig. 9. 

Square -wave response. As when test- 
ing loudspeakers and amplifiers, a 
square -wave response will tell a lot 
about the performance of a cartridge. 
The CBS record STR Ill has 1 kHz 
square waves. Figure 14 shows the 
result as watched on an oscilloscope. 
The overshoot and ringing should be 
as little as possible as this is a measure 
of difference between actual sound and 
reproduced sound. 

Among miscellaneous records used 
for testing, the Pacific Transducer Corp. 
102M and 103L are very informative. 
They have 70 Hz -10 kHz and 70 Hz - 
15 kHz sweep respectively, repeated at 
high rate so that the whole response can 
be watched on an oscilloscope. Output 

L 

R 

Switching 
box 

Tracking frequency 
multiplier 

-1B&K 1901 
B & K 

2010 

Record player Heterodyne 
analyzer 

Fig. 12-Set-up for harmonic distortion sweep. 
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Fig. 14-Typical square -wave response. 

level, frequency response, and tracking 
ability can be detected at a glance. 

The absolute phase of a cartridge is 
not important as long as only stereo is 
involved, but the four -channel CD -4 
cartridge must have a positive response 
when the stylus moves to the periphery 
of the record. JVC has come out with 
the test record TRS 1004 for testing the 
absolute phase. It has a square -wave 
cut with a shorter positive cycle than 
negative cycle. For correct phasing, the 
shorter wave must always go positive 
if the measuring equipment is not 
changing the phase. 

New Standard Equipment 
The foregoing were the various meas- 

urements and tests frequently performed 
on phonograph cartridges using test 
records. One big problem with these 
tests is that records are never 100 per 
cent the same. They change with wear, 
temperature, pressing, and material. In 
order to get reproducible results, one 
has to go through elaborate testing with 
standard cartridges. It would be of great 
help if someone would develop some 
kind of shaker which could be inter- 
nationally adopted as a measuring 
standard. At Ortofon we often use a 
cutterhead directly but this cutterhead 
and the cartridge are both magnetic 
devices and this causes big shielding 
problems. The ideal shaker should be 
a piezoelectric device. 

Of course it will always be necessary 
also to use test records since the action 
between the stylus and the moving 
groove never could be completely 
duplicated with a shaker, but a reference 
instrument which was the same for all 
parties involved would certainly be 
helpful. 

The ultimate test is the listening test. 
Ortofon is paying an increasing attention 
to listening. What selections are we 
using? Well, this would lead into a new 
subject which gives material enough for 
a new article. 
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Nine CD -4 Phono 
Cartridges Tested 

B. V. 

IN OCTOBER 1970, the world was first introduced to a new 
phenomenon in the audio industry-CD-4-as presented 
by the Victor Company of Japan (NC) at the fall meet- 

ing of the Audio Engineering Society in New York. This de- 
velopment, together with the CBS/Sony SQ and Sansui QS 
matrix systems, constituted a revolution not unlike that which 
occurred in 1958 when the stereo record was introduced. 

The advent of compatible, discrete, four -channel, CD -4 re- 
cordings, with their FM -modulated 30 -kHz carrier, brought 
about the need to develop a cartridge that would have a wide 
frequency response-beyond 30 kHz and preferably to 50 kHz- 
so as to properly reproduce the new CD -4 records that have 
almost three times the frequency range of conventional records. 
To accomplish this, the new cartridge had to have a lower 
mechanical impedance (mass) of the vibrating system and an 
elevated high -end resonant frequency. The new stylus tip, as 
developed by Shibata in Japan, was designed to meet these 
requirements by enlarging the contact area of the stylus. The 
Shibata stylus has nearly the same tip radius as the elliptical 
stylus but, also, four times as much contact area with the record 
groove. Proper reproduction of the recorded signal in the 30 - 
50 kHz region requires intimate stylus -to -groove contact. In 
order to seat the Shibata tip firmly into the record groove, an 
increased tracking force of two grams is required. However, 
because of its increased contact area, the two -gram tracking 
force of the Shibata tip can be expected to decrease by about 
four times both record and stylus wear, as compared to a con- 
ventional elliptical tip tracking at 1.5 grams. 

In June 1971, NC marketed in Japan a CD -4 demodulator 
and the first CD -4 cartridge with the Shibata stylus, identified 
as the 4MD-1X. This cartridge was never sold in this country, 
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SIDE 
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but is still available in Japan. To indicate the progress that 
has been made in the design of CD -4 cartridges, the early 
Victor 4MD-1X (manufactured by Victor) is profiled along with 
the other cartridges. The current JVC cartridge sold in this 
country is the 4MD-20X, manufactured by Audio-technica and 
similar to the AT -14S. 

With RCA announcing that they were going to produce the 
CD -4 records, it did not take long for the industry to introduce 
the new -type cartridge. Currently, the influx of cartridges 
capable of reproducing the CD -4 records is increasing dra- 
matically. It seems that every few weeks another cartridge 
manufacturer is announcing his intention to market the new - 
type cartridge. To date, only a few of the cartridges are avail- 
able on the market. Most of these cartridges use the Shibata 
tip (Victor, Audio-technica, Technics, Ortofon, and Grace) 
either as a nude diamond or the diamond tip fused to a metal 
shank; Pickering/Stanton are using their Quadrahedral tip 
which is designed to cover the same contact area and is some- 
what similar to the Shibata tip; whereas Grado Laboratories 
is continuing to use the conical tip, but with a low tip mass 
that obviates the need of a Shibata-type stylus to track CD -4 
records. This, also, is the only standard cartridge with a very 
low inductance so that a lead as long as 20 feet may be used 
without a detrimental effect on the 30 -kHz carrier signal. 

As noted earlier, CD -4 cartridges are coming from many 
manufacturers and sometimes from unexpected sources. For 
example, AKG, well-known for their microphones and head- 
phones, has been reported to be preparing to market a CD -4 
type cartridge in three models, with the top cartridge to be 
designated the PU4E. The Diamond Stylus Co. of London also 
announced their forthcoming entry into the field with the 
MG 14E and MD 14D cartridges. (Additional CD -4 capable 
cartridges will be profiled later this year.-Ed.) 

Equipment 
To perform a reasonably accurate evaluation of the CD -4 

cartridges, the playback equipment was chosen with great care. 
After trying a few direct -drive turntables, the Technics by 
Panasonic Model SP -10 and base was chosen because of its 
consistency and ability to preset the 33'/3- and 45 -rpm speeds 
by individual speed controls. It is most important, when using 
test records at both 33'/3 and 45 rpm, that the speed regu- 
lation remain constant as the speed rate is shifted from one to 
the other. Vertical rumble for the SP -10 is specified at less 
than -65 dB (DIN A) and less than -70 dB (DIN B), while wow 
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and flutter of less than 0.03% wrms is claimed. 
A number of tone arms were examined and the Audio- 

technica AT -1009 was installed on the Technics turntable. The 
AT -1009 tone arm was specifically designed for use with CD -4 
cartridges. The arm is lifted and lowered by a pneumatic 
control. One advantage of the AT -1009 tone arm is that the 
antiskating can be varied in the dynamic state when checking 
this parameter. It is essential that the anti -skating pressure 
be adjusted as accurately as possible for all CD -4 cartridges 
so that the front and rear right channels reproduce properly 
with a minimum of mistracking distortion. Our experience 
indicates that this is of primary importance, expecially when 
lower -priced cartridges are installed in a tone arm or cartridges 
having other than the Shibata or Shibata-like configuration 
are used. The Audio-technica AT -1009 cable capacitance 
between the cartridge connectors and the phono plugs is 77 
pF for the right and 78 pF for the left side. 

The Shure Brothers C/PEK-3 Stereo Cartridge Analyzer with 
its accompanying test records (TTR-107 and TTR-103) was 
acquired and modified so that it could be used to evaluate the 
CD -4 cartridges with their 50 -kHz bandwidth. The modified 
version of the C/PEK-3 will be available shortly from Shure 
Brothers. The C/PEK-3 was used to check channel orientation, 
crosstalk, balance tests, phase relationship, and antiskating 
and tracking force optimization. The monitor outputs on the 
C/PEK-3 with their 700 -ohm output impedance appeared to 
introduce no recognizable errors, so the sweep -frequency 
response, IM distortion, and square -wave measurements were 
made from this point. 

The sweep -frequency is plotted automatically on the Justi- 
Meter III, the graphic audio recorder designed and developed 
by the former editor and publisher of AUDIO, C. G. McProud, 
and marketed by Audio-technica U.S., Inc. The sweep source 
for this unit is supplied by the Bruel & Kjaer frequency -sweep 
record, QR-2009, with a range from 20 to 20,000 Hz. The high 
frequency -sweep range from 1000 to 50,000 Hz is supplied by 
the JVC test record, TRS-1005. The time of the sweep in the 
TRS-1005 is such that it matches the B&K QR-2009, assuming 
that the 1000 -Hz reference tone is started at the 50 Hz mark 
on the chart. The actual high frequency -sweep starts at the 
100 Hz line on the chart so that the recorded plot is just ten 
times the indicated frequency on the chart. We found the 
Justi-Meter III to be more than adequate for measuring cart- 
ridge performance. Its response closely matches a point-to- 
point response plotted for one cartridge. It is also quite use - 

Discrete four -channel record groove as seen with 'the 
scanning electron beam microscope (original magnification 
1 500x). Each wall of the groove carries two sets of signals: 
the sum of the front and rear signals on the stereo base band 
and the difference of the front and rear signals on the carrier 
band.-Courtesy RCA Records. 

ful for recording sweep -frequency response of amplifiers, 
filters and experimental units. 

The measuring preamplifier has two positions-FLAT and 
BASS BOOST. The bass -boost position is equalized to provide a 
boost of 6 dB/octave below 500 Hz, and to be flat above that 
turnover frequency. IM measurements are made through the 
preamplifier which is set for BASS BOOST. The square -wave 
photographs are also made through the preamplifier when it 
is set to the FLAT position. The measuring preamplifier with 
its gain of 40 dB was described by C. G. McProud in AUDIO, 
June 1972. 

To prevent the attenuation of the 30 -kHz carriers, it is im- 
perative that the cable capacitance between the cartridge and 
the input to the demodulator not exceed 100 pF total, which 
includes the wiring in the tone arm. This requirement places 
a burden on the salesman who is demonstrating a turntable 
that is quite a distance from the demodulator, as is the case in 
most every audio demonstration room. To overcome this 
problem, there is available from M&W Radio Corp., Williston 
Park, N.Y. 11596, a very small stereo booster amplifier voltage 
follower to which the turntable is connected by an audio cable 
not exceeding 100 pF per stereo side from the cartridge to the 
preamplifier. This unit properly loads the CD -4 cartridge. Sub- 
sequently, a length of audio cable not exceeding 8200 pF per 
stereo side may be connected between the output of the booster 
amplifier and the input to the demodulator. Up to 546 feet of 
low -capacitance cable (15 pF/ft) may be used without causing 
a significant response change or a phase rotation up to 50 kHz. 
The ideal location for this unit is inside the turntable base or 
separately close -by, thus eliminating the necessity of low ca- 
pacity cable. The unit has been tested and approved by JVC 
for use in conjunction with CD -4 demodulators. We have tested 
all the cartridges in this evaluation with this booster ampli- 
fier, and all results were identical with the original results. 

A Polaroid 350 camera is used to make all the square -wave 
photographs. The camera is fitted with a portrait lens adapter, 
as is the view finder, and a cable release. The camera is 
mounted on a rigid tripod and placed 19-20 inches from the 
oscilloscope. The intensity of the oscilloscope trace is reduced 
to a barely visible state after focusing the camera. With the 
black and white Polaroid film (speed 3000), the exposure time 
is three seconds. The exposures are made in a totally dark room 
to eliminate the light reflections from the face of the oscillo- 
scope and to defeat the photocell shutter -control mechanism of 
the camera. 
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The remaining test equipment consisted of an IM distortion 
analyzer; an audio VTVM that can measure down to one milli- 
volt, full scale; a resistance, capacitance, and inductance bridge; 
oscilloscopes, low -capacitance connecting cables made up from 
any of the following: Alpha 2312 (15 pF/ft), Columbia 01395 
(11 pF/ft), or Dabum 2693 (11 pF/ft), and the following test 
records: B&K QR-2009, JVC TRS-1005, Columbia STR-111, 
Columbia STR-100, Shure Brothers TTR-107 and TTR-103, 
DIN 2, and Grado Laboratories RL -1758. We tested only one 
cartridge per day, thus providing a 24 -hour recovery period for 
the groove walls of the test records as well as the CD -4 music 
test (listening) records. 

To eliminate the power line variations, an autotransformer 
followed by a Variac is employed and the line voltage con- 
stantly monitored for a reading of 117 volts. The room tem- 
perature for all cartridge tests was maintained at 69° F± 1° and 
the relative humidity was 33%± 3%. 

Procedures 
The cartridge to be tested is weighed on a gram balance - 

beam scale and the weight recorded. This is followed by the 
measurements of the d.c. resistance and the inductance. The 
stylus is then examined under the microscope at 200x to as- 
certain that it is clean and properly mounted. 

Following these procedures, the cartridge is mounted onto 
the Audio-technica AT -1009 tone arm cartridge shell and ad- 
justed for a 15 mm overhang. At this point the arm is balanced 
so that the stylus is about '/8 in. above a blank acetate disc and 
the stylus tracking pressure is then set using a Shure SFG -2 
precision stylus force gauge. It is generally accepted that the 
ideal stylus pressure for the Shibata stylus (or its equivalent) 
is two grams when playing CD -4 discs. However, because there 
may be some CD -4 cartridges in the near future that should not 
be used at a two -gram stylus pressure, the arbitrary stylus 
pressure of 1.75 grams is used for all the evaluations. There- 
fore, the optimum stylus pressure was not determined for any 
cartridge. However, the Grado FTR + 1 was also evaluated at 
1.25 grams stylus pressure. It was also noted that at the 1.75 
gram stylus pressure all cartridges and the AT -1009 tone arm 
were able to track the worst warped records in our collection, 
including a washboard type warp, without noticeable distortion. 
Prior to actual use of the cartridge, the stylus is again cleaned. 
It takes only a little dust on the stylus or the CD -4 disc to 
cause mistracking with subsequent deterioration in the rear - 
channel signal. 

To measure the channel orientation, crosstalk, and balance 
tests, the cartridge is connected to the Shure Brothers C/PEK-3 
Stereo Cartridge Analyzer, using the TTR-107 test record. A 
phase check is then performed using the TTR-103 test record. 
This is an important test inasmuch as improper phasing of the 
cartridge and the rest of the connections employed in the CD -4 
system will prevent a null point when adjusting the separation 
controls on the demodulator. The final testing of the cartridge 
with the C/PEK-3 analyzer is adjusting the antiskating device 
and performing the trackability tests, using the TTR-103 test 
record. There are three sections to the trackability test: high 
frequency, mid -frequency, and low frequency. The high -fre- 
quency tracking test is a 10.8 kHz pulse; the mid -frequency 
tracking test is a 1000 + 1500 Hz lateral -cut tone; and the low - 
frequency tracking test is a 400 + 4000 Hz lateral -cut tone. 
The low- and high -frequency tests have four velocities: 15, 19, 
24, and 30 cm/sec. The mid -frequency test has four velocities: 
20, 25, 31.5, and 40 cm /sec. The TTR-103 test record, in con- 
junction with the C/PEK-3 cartridge analyzer, is the best 
available means to determine the trackability of a cartridge, 
and the oscilloscope displays leave little or no doubt about its 
performance. This test is usually augmented by listening con- 
commitantly to the reproduced sound via speakers. However, in 

most instances you can hear the buzzing the cartridge makes 
when it no longer can track a given band as well as see the 
distorted display on the oscilloscope. We must point out, how- 
ever, that the majority of recorded music on discs generally 
has a velocity below 15 cm/sec and only occasionally does it 
reach 25 to 30 cm/sec. 

Although the C/PEK-3 does measure cartridge output in 
millivolts, we measured the voltage output of each cartridge, 
correctly terminated, with the STR-100 test record and an audio 
VTVM capable of measuring microvolts. The signal output of 
the cartridge is measured at a signal of 3.54 cm/sec at 1000 

Hz. This figure is divided by 3.54 to obtain a relative output 
in mV for a stylus velocity of 1 cm/sec, thus providing a 
comparative figure. 

(Although all our Columbia and RCA test records were lost 
sometime ago, most of them have been replaced by the ever 
present generosity of W. Rex Isom [RCA] and Benjamin B. 

Bauer [Columbia] to whom we owe a debt of gratitude. We 
also wish to thank Ben Bauer for loaning us his copy of the 
CBS STR-111 test record so that we could examine the IM 
distortion and square waves of the cartridges. We regret that 
Columbia is not considering a new cutting of the out -of -stock 
but very important STR-111 test record, since it is the standard 
of the industry for IM distortion and square waves.) 

IM distortion measurements are made using the STR-111 
test record with the cartridge connected to the C/PEK-3 and 
the monitor output of the C/PEK-3 connected to the measuring 
preamplifier set to BASS BOOST. The output of the measuring 
preamplifier is connected to the IM distortion analyzer. 
Although IM distortion measurements are made on all bands 
of the STR-111, we follow the C. G. McProud reporting 
method and report only the +9 dB lateral modulation at 200 

and 4000 Hz and the +6 dB vertical modulation at 200 and 
4000 Hz. The resulting figures are only relative rather than 
absolute. 

Continuing to use the STR-111, the square -wave photos are 
made, using the FLAT position on the measuring preamplifier. 

For the frequency -response measurements, the monitor out- 
put of the C/PEK-3 is connected to the cartridge input of the 
Justi-Meter III graphic audio recorder. The B&K QR-2009 
sweep record is used to record the sweep and separation from 
20 to 20,000 Hz. The sweep from 1000 to 50,000 Hz is obtained 
from the JVC TRS-1005 sweep record. Recordings are made 
from both channels, but only the left channel is reported. 

In all of the above test procedures, the total capacitance of 
the tone arm cable plus the interconnecting cables did not 
exceed 100 pF per channel. 

When examining and comparing the data on the cartridges, 
it must be borne in mind that the data represents only the 
specific cartridges examined and can vary from cartridge to 
cartridge within any production run as well as from one pro- 
duction run to another. 

CD -4 Cartridges and Demodulators 
There are, at present, four separate demodulators, JVC 

4DD-5, Lafayette 99H03345W, Panasonic SE -405H, and 
Pioneer QD-240, plus many receivers using the JVC system, 
under license. The Panasonic SE -405H is a unique demodulator 
in that it comes with a special semi -conductor -type cartridge, 
EPC-450C, that requires a 4 -volt d.c. bias, which is available 
from the demodulator. This cartridge will be reported on in a 

future issue of AUDIO. A switch at the rear of the demodulator 
changes the cartridge input circuit to accept a moving -magnet 
cartridge or the Ortofon transformer for the SL 15Q. The 
Panasonic demodulator is also unique in that the 30 -kHz 
carrier level can be set for each channel simply by using the 
outer grooves of a Quadradisc and adjusting the carrier level 
until the 4 cx RADAR indicator just lights up. The JVC system 
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requires that a 400 -Hz distorted signal, supplied by the CD -4 
adjustment record (not a test record), be converted to as pure 
a tone as possible (as heard and/or seen on the oscilloscope) by 
use of the 30 -kHz carrier control. Separation adjustments are 
made in the same manner for all demodulators. Should it be 
impossible to obtain a null point when adjusting the separation 
control for one channel, reverse the cartridge connections for 
that channel and repeat the separation adjustment until a null 
point is reached. The inability to obtain a null point is usually 
caused by incorrect connections at the cartridge (one side being 
out of phase). 

As a part of the cartridge evaluation, each cartridge is con- 
nected to the Panasonic SE -405H and JVC 4DD-5 demod- 
ulators, respectively, and adjusted using the following adjust- 
ment records: General, JVC 4DE-205 (45 rpm); for rechecking 
the separation setting, the 33'/3 JVC 4D-101, band 1; for 
rechecking the amplifier controls for equal volume (0 dB), the 
WEA PR 186; and for a final check of the separation, the 
331/3 JVC RG 1281, band 1. Normally, the 45 -rpm JVC 
adjustment record, 4DE-205, is sufficient for all adjustments, 
including the 30 -kHz carrier level for the JVC 4DD-5 and 
Pioneer QD-240 demodulator. The Pioneer and Lafayette de- 
modulators have not been used in any of our evaluations, as 
yet. 

Listening Evaluation 
The listening evaluation is made using a variety of records 

representing the gamut of CD -4 recorded music. Therefore, 
each cartridge underwent a rigorous listening evaluation with 
the following experimental and commercially available 
records: 

1. Harman/Kardon CD -4 Calibration and Demonstration 
Quadradisc-DPD 1-0062 

2. Mancini Salutes Sousa-RCA Quadradise, APD 1-0013 
3. Carly Simon-No Secrets-Elektra Quadradisc, EQ-5049 
4. Carolyn Hester-RCA Quadradisc, APD1-0086 
5. RCA Quadradisc Highlights, DJD 1-0072 
6. Dolly Parton-Bubbling Over-RCA Quadradisc, APD1- 

0286 
7. Mandolin Serenade-JVC CD -4 Quadradisc, CD4W-7016 
8. Artur Rubenstein-Rachmaninoff Piano Concerto No. 2- 

RCA Quadradisc, ARD 1-0031 
9. Debussy-La Mer-RCA Quadradisc, ARD1-0029 
10. Virgil Fox-Heavy Organ at Carnegie Hall-RCA Quad- 

radisc, ARD1-0081 
11. Webersinke-Famous Organ Works by J. S. Bach-JVC, 

CD4K-7507E 

12. Walter Carlos-Switched on Bach-CD-4 Experimental 
Record 

13. Walter Carlos-Clockwork Orange-CD-4 Experimental 
Record 

14. Difficult Passages-CD-4 Experimental Record 
The speakers used in the listening evaluation are the Cerwin- 

Vega 211 -R's in front and the AR-2a's in the rear. The last 
five records were used again when the speaker placement was 
reversed, the Cerwin-Vega 211 -R's in the rear and the AR-2a's 
in front. It is realized that these speakers are disparate in 
their characteristics, especially in terms of efficiency. Because 
of these characteristics, the speaker placement was also used 
in the reverse. This is especially important when the sound 
emanating from the rear speakers is primarily ambience. The 
Integral System preamplifiers, Model 10, and amplifiers, 
Model 200 (100 watts per channel), were used to drive the 
speakers. 

The last five records gave each cartridge a workout. In par- 
ticular, the CD -4 experimental records, Switched on Bach and 
Clockwork Orange, are superb for checking CD -4 cartridges. 
Both of these records separated the excellent cartridge from the 
good cartridge with no uncertainty because of the highly ex- 
plosive transients common to the Moog synthesizer. 

In most instances, the listening evaluation agreed with the 
measurement tests. However, the listening evaluation should 
be the final criteria by which a cartridge is judged. We believe 
in the axiom put forth many years ago by the late C. J. LeBel- 
"If it measures good and sounds bad, it is bad." 

Conclusions 
All the CD -4 cartridges evaluated reproduced the CD -4 

recordings well and the resultant sound was pleasant to the ear 
in the listening evaluation. Three cartridges stand apart from 
the rest to this listener-Audio-technica AT2OSL, Ortofon 
SL15Q, and Audio-technica AT15S. The AT2OSL and SL15Q 
are considered to be equal in our listening evaluation with the 
AT15S a close second. These three cartridges appear to have 
a better definition of individual instruments, especially of the 
percussive nature. The Audio-technica AT2OSL and the Orto - 
fon SL15Q reproduced the last five records, and especially the 
last three, smoothly, with a very clean sound. 

In a letter written to AUDIO (November 1973), Mr. James H. 
Kogen, vice president, Shure Brothers, Inc., made a point that 
is well-taken-that a separate cartridge should be used for 
stereo reproduction and another for CD -4 reproduction. In 
general, we agree with Mr. Kogen. However, we take a small 
exception and feel from our own listening that the very top 
CD -4 cartridges can play both without a trade-off. 

Audio-technica AT2OSL 

Audio-technica cartridges use two independent permanent 
magnets mounted at 45 -degree angles, perpendicular to the two 
sides of the record groove. Each magnet is an electrical gen- 
erator reproducing only the signal from one side of the record 
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groove, thus maximizing separation. This model is identical 
to the AT15S, except that the AT2OSL is hand -selected for 
all parameters, including flattest possible response to 50 kHz. 
Frequency response is flat from 50 Hz to 8 kHz ± 2 dB, + 3 dB 
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at 10 kHz, and +4 dB at 20 kHz. The double peaks at about 
23 and 26 kHz are +5 dB, then the response drops to +I dB 
at 40 kHz. Separation averages 20 dB from 100 Hz to 5 kHz, 
down to 15 dB at 10 kHz and 16 dB at 20 kHz. Trackability is 
one of the best we have ever seen. The AT2OSL is one of the 
two top CD -4 cartridges reported here. Its sonic clarity is 
superb, one of the smoothest we have ever encountered. Tran- 
sient response is excellent. One does not realize all the sounds 
present on a CD -4 recording of the Moog synthesizer, as well 

as both electronic and pipe organs, until played with a top -of - 
the -art cartridge. 

Wt. 9.03 g; d.c. res. 550 ohms; Ind. 378 mH; Output 0.65 
mV/1-cm/sec; IM dist. 2.5% lat., 3.4% vert.; Crosstalk -22 
dB; Ch. Bal. 0 dB; Trackability: High freq. (10.8 kHz pulsed) 
30 cm/sec; Mid-freq. (1000 + 1500 Hz lat. cut) 31.5 cm/sec; 
Low freq. (400 + 4000 Hz lat. cut) 30 cm/sec. The stylus is 
a nude diamond with the Shibata configuration. $150.00. 

Check No. 66 on Reader Service Card 

Audio-technica AT1 5S 

Construction is identical to the AT2OSL, since the top of 
the line cartridge is hand-picked from the production run of 
the AT 15S. Frequency response is flat from 50 Hz to 8 kHz 
± 2 dB, + 2 dB at about 15 kHz, + 1 dB at 20 kHz, + 1 dB at 
30 kHz, -2 dB at 40 kHz, and -5 dB at 50 kHz. Separation 
averages 20 dB from 50 Hz to 10 kHz, down to 16 dB at 12 

kHz and 12 dB at 20 kHz. Musically, the AT 15S is not quite as 
good as the AT2OSL. Transient response is excellent, as is the 
bass response. Sonic clarity is excellent, particularly in elec- 
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tronic synthesizers, electronic and pipe organ, and piano. 
Overall, it produces crisp, clean sound. 

Wt. 8.52 g; d.c. res. 445 ohms; Ind. 408 mH; Output 0.83 
mV/1-cm/sec; IM dist.: 2.6% lat., 2.4% vert.; Crosstalk -24 
dB; Ch. Bal. 0.5 dB; Trackability: High freq. (10.8 kHz pulsed) 
30 cm/sec; Mid-freq. (1000 + 1500 Hz lat. cut) 25 cm/sec; 
Low freq. (400 + 4000 Hz lat. cut) 19 cm /sec. The stylus is 
a nude diamond with the Shibata configuration. $100.00. 

Check No 67 on Reader Service Card 

Audio-technica AT14S 

The AT 14S is next to the lowest priced CD -4 cartridge with 
a Shibata stylus in this line. The response curve is one of the 
flatest we have encountered, ± 2 dB from 30 Hz to about 45 
kHz, and down -3 dB at 50 kHz. Separation is about 20 dB 
throughout the spectrum up to about 17 kHz and then de- 
creases to 9 dB at 20 kHz. Although the sound is crisp, it has 
a tendency towards stridency at the high frequencies and the 
bass has a slight tendency towards being boomy, especially low 
bass. There is some distortion present in the loud bass passages 
in the rear channels as well as in some difficult music passages. 
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This cartridge and the JVC 4MD-20X are reported to be identi- 
cal-both are made by Audio-technica. 

Wt. 6.5 g; d.c. res. 446 ohms; Ind. 383 mH; Output 0.69 mV/ 
1-cm/sec; IM dist.: 2.4% lat., 1.7% vert.; Crosstalk -30 dB; 
Ch. Bal. 0.5 dB; Trackability: High freq. (10.8 kHz pulsed) 
24 cm/sec; Mid-freq. (1000 + 1500 Hz lat. cut) 31.5 cm/sec; 
Low freq. (400 + 4000 Hz lat. cut) 24 cm/sec. The stylus is a 
nude diamond with the Shibata configuration. $75.00. 

Check No. 68 on Reader Service Card 

Grace F8/F 
The Grace cartridge is manufactured by the Shinagawa 

Musen Co., Ltd., in Japan. We have not seen many examples 
in the West, though Sumiko, P.O. Box 5046, Berkeley, Calif. 
94705, has started importing two Grace cartridges, this model 

and the F8/L. The response curve is ± 3 dB from 20 Hz to 
about 10 kHz, dropping to -4 dB at 10 kHz, then slowly 
rising to -2 dB at 30 kHz, and down -6 dB at 50 kHz. Separa- 
tion is about 19 dB throughout the spectrum to 20 kHz. Musi - 
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How did the 9200 XD 
get to the top of our line? 

Very quietly. 
Yesterday: 
Unanimous praise for our 
Cross -Field technique 
Tandberg has long been famous for 
its Cross -Field Recording technique. 
Cross -Field extends frequency 
response: and makes it possible to 
record at slower speeds with mini- 
mum distortion. More important, it 
dramatically improves signal-to- 
noise ratio. In fact, Tandberg perform- 
ance at 33/4 ips matches other 
machines at 7%z ips! Here's what the 
experts said shortly after we intro- 
duced our 9000X Cross -Field stereo 
tape deck: 
STEREO REVIEW found the signal/ 
noise measurements "...equivalent 
to the best figures we have ever 
obtained on a consumer tape 
machine' (August, 1973) 
HIGH FIDELITY said, "...the 
Tandberg already gives you the extra 
10 dB of S/N claimed by the Dolby -B' 
process.. Performance... without 
Dolby* is similar to that of most 
decks with Dolby."' (October, 1973) 

Today: 
We've added Dolby* to Cross -Field. 
Enter the 9200XD. We call it The 
Super Silencer. 

The "X" stands for Cross -Field, the 
"D" for built-in Dolby' circuits. The 
9000X gave a 65 dB weighted signal/ 
noise ratio at 7' ips and 3% THD 
with UD/SD tape. Good-but not 
good enough for our steely -eyed 
Norwegian engineers. Now the new 
top -of -the -line 9200XD gives a 
guaranteed minimum 73 dBsignal- 
to-noise ratio under the same 
conditions. That's Super Silence. 

We're our only competitor. 

-- DOLBY N R. Utl1.tlT 

NdNN 

Tomorrow: 

RENE ND STOP WIND 

You must hear the 9200XD for 
yourself. 
STEREO REVIEW called the 9000X 
"...the current state of the art for 
consumer tape recorders." But that 
was before they heard the new 
9200XD. It's the best recorder we've 
ever made. 
You can see The Super Silencer at 
your Tandberg dealer's now. Stop in 
soon ....and ask to hear what tape 
hiss doesn't sound like. 

°Dolby's a trademark of Dolby Laboratories, Inc. 

TAN D BERGO, 
AMERICA INC. 

Labriola Court, Armonk. New York 10504 A Allen Pringle Ltd., Ontario. Canada 
Check No. 45 on Reader Service Card 



cally, the high frequencies appear to be a bit strident. Some 
tracking difficulties and distortion were encountered in loud 
mid -frequencies and bass. The overall sound was a little hard. 

Wt. 6.5 g; d.c. res. 472 ohms; Ind. 359 mH; Output 0.58 
mV/1-cm/sec; IM dist.: 0.8% lat., 2.3% vert.; Crosstalk -27 
dB; Ch. Bal. 0 dB; Trackability: High freq. (10.8 kHz pulsed) 
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24 cm/sec; Mid-freq. (1000 + 1500 Hz lat. cut) less than 20 
cm/sec; Low freq. (400 + 4000 Hz lat. cut) less than 15 
cm/sec. The stylus is a nude diamond with the Shibata con- 
figuration. $109.95. 

Check No. 69 on Reader Service Card 

Grado Laboratories FTR+1 
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This is the sleeper among the CD -4 cartridges. The stylus 
is a spherical diamond (0.5 mil) with a tip mass so low that it 

doesn't require special facets to track CD -4 records. And the 
price quoted is $11.95. Although we used a stylus tracking 
force of 1.75 g for all the cartridges, we made an exception 
for the FTR + 1 and also measured it at a tracking force of 
1.25 g, as suggested by Grado Laboratories. The cartridge is 
a type of variable reluctance, not too different from the old 
General Electric variable reluctance cartridge. Because of its 
low inductance, up to 20 feet of cable may be used without 
any effect upon the very high frequencies. The frequency 
response curves were reasonably identical from 20 Hz to 20 
kHz at both 1.75 and 1.25 g tracking force. At 1.25 g the 
response is ± 2 dB from 20 Hz to 8 kHz, rising to + 9 dB at 
about 13 kHz, + 1 dB at 20 kHz and about + 7 dB at about 
26 kHz and then falling off rapidly, +1 dB at 30 kHz, -8 dB 
at 40 kHz, and -13 dB at 50 kHz. At the 1.75 g tracking force, 
there is a +2 dB peak at about 23 kHz and then rapidly 
falling off, -2 dB at 30 kHz, -8 dB at 40 kHz, and -13 dB 
at 50 kHz. It appears that the 1.25 g tracking force brought 
about another peak at about 26 kHz, whereas at the 1.75 g 
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tracking force there is only a minor peak at about 23 kHz. 
Separation is about 21 dB from 50 Hz to 10 kHz, dropping to 
17 dB at 15 kHz and 15 at 20 kHz. Musical response is rela- 
tively clean, but is not as crisp as with others. Transient re- 
sponse is good. It is a bit strident in the high end with some 
distortion at the very high end. This cartridge acquitted itself 
well with the bass organ pedals as well as the Moog synthe- 
sizer. Some distortion was noticed in the very loud musical 
passages. 

This is an amazing cartridge when one considers its price. 
We would not hesitate to recommend it for medium-priced 
systems or OEM use. 

Wt. 5.4 g; d.c. res. 710 ohms; Ind. 58.7 mH; Output 0.61 
mV/1-cm/sec; IM dist. 2.3% lat., 2.7% vert. (3.2% vert. at 
1.25 g.); Crosstalk -28 dB (-30 dB at 1.25 g.); Ch. Bal. 
0.75 dB (0 dB at 1.25 g.); Trackability: High freq. (10.8 kHz 
pulsed) 24 cm/sec; Mid-freq. (1000 + 1500 Hz lat. cut) 25 

cm/sec (20 cm/sec at 1.25 g.); Low freq. (400 + 4000 lat. 
cut) 19 cm/sec (15 cm/sec at 1.25 g.). $11.95. 

Check No. 70 on Reader Service Card 
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Ortofon SL15Q 
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This is the only moving coil cartridge among the current 
CD -4 cartridges and requires a transformer to step up the 
voltage for the average preamplifier. Frequency response is 
± 2 dB from 40 Hz to 13 kHz, +5' dB at 20 kHz, +8 dB at 
40 kHz, and +2 dB at 50 kHz. Separation is generally about 
17 dB across the spectrum to 9 kHz, dropping to 16 dB at 
10 kHz, 15 dB at 15 kHz, and l l dB at 20 kHz. This cartridge 
is tied with the Audio-technica AT2OSL as one of the two 
top cartridges reported here. Like the AT2OSL, its sonic 
clarity is superb and it is one of the smoothest cartridges we 
have encountered. Transient response is excellent. All the 
sounds recorded by the Moog synthesizer are reproduced 
clearly as are the electronic and pipe organ sounds. This is a 
state-of-the-art cartridge. We might add that the transformer 
should be marked to identify the left and right channels. The 
white dot on the transformer is for the right cartridge lead 
and the white phono plug from the transformer goes to the 
right phono jack on the demodulator. 

Wt. 7.6 g; d.c. res. 2.55 ohms; Ind. 112 micro H; Output 
with transformer 2.79 mV/1-cm/sec; IM dist. 1.5% lat., 2.0% 
vert.; Crosstalk -26 dB; Ch. Bal. 1.5 dB; Trackability: High 
freq. (10.8 kHz pulsed) 30 cm/sec; Mid-freq. (1000 + 1500 Hz 
lat. cut) 25 cm/sec; Low freq. (400 + 4000 Hz Lat. cut) 19 
cm/sec. The stylus appears to be a nude diamond with the 
Shibata configuration. $160.00 (estimated). 

Check No. 71 on Reader Service Card 

Pickering UV -15/2400-Q 

This Pickering cartridge is considered the first U.S.-made 
CD -4 cartridge. The response curve is quite flat, ± 3 dB from 
20 Hz to over 20 kHz, -3 dB at 10 kHz, +2 dB at 20 kHz, 
+4 dB at 30 kHz, + 1.5 dB at 40 kHz, and -4 dB at 50 kHz. 
The resonant peak is from about 21 kHz to 30 kHz. Separation 

That's the only word for MAGNEPLANAR® Tympani 
loudspeakers. Unique in design ... unique in the clar- 
ity and naturalness of the sound they produce. 
MAGNEPLANAR Tympanis incorporate a host of ad- 
vanced features. Low -mass, thin Mylar diaphragm 
with patented tympanic suspension; distributed mag- 
netic field; bi -polar radiation; folding floor screen 
design. The speaker is a straight wire device with 
essentially no inductive or capacitive reactance. All 
elements that have plagued previous state-of-the-art 
attempts - including voltage supplies, step-up trans- 
formers, and complex crossovers - have been elim- 
inated. When used with commensurate high quality 
associated components, MAGNEPLANAR Tympanis 
provide a listening experience surpassed only by a 
live performance. Fabric covers are available in sev- 
eral decorator colors to complement room interiors. 

A variety of models and speaker configurations 
allow you to build the kind of sound system you want. 
See your Audio Research dealer for a demonstration 
of the MAGNEPLANAR Tympani loudspeakers.They're 
in a class by themselves. 

audio research 
corporation 
Box 6003 
Minneapolis, Minnesota 55406 
Tel: (612) 721-2961 

®MAGNEPAN, INC. 
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averages 21 dB from 50 Hz to about 8 kHz, down to 17 dB 
at 10 kHz, and 11 dB at 20 kHz. This cartridge has the lowest 
IM distortion of the cartridges reported herein. If some param- 

eters can be redesigned and the IM distortion remain as is, 
it would be a superior cartridge. Musically, the high fre- 
quencies sound a little strident, particularly on string instru- 
ments. Transient response is good. Slime tracking distortion 
was evident on loud organ bass passages. There was some 
distortion in the mid -frequencies. The overall sound is a 
little hard. 

Wt. 5.66 g; d.c. res. 672 ohms; Ind. 297 mH; Output 0.58 
mV/1-cm/sec; IM dist: 1.0% lat., 0.8% vert.; Crosstalk -25 
dB; Ch. Bal. 0.75 dB; Trackability: High freq. (10.8 kHz 
pulsed) 24 cm/sec; Mid-freq. (1000 + 1500 Hz lat. cut) less 
than 20 cm/sec; Low freq. (400 + 4000 Hz lat. cut) less than 
15 cm/sec. The diamond stylus has a Quadrahedral configura- 
tion which is not unlike the Shibata configuration. Both the 
back and front end of the stylus appear to have identical 
facets. Evaluation of this cartridge was performed with the 
"Dustamatic" brush removed. $124.95. 

Check No. 72 on Reader Service Card 

Stanton 780/4DQ 

This cartridge is considered to be the second U.S.-made 
CD -4 cartridge. The response curve is ± 3 dB from 20 Hz to 
about 25 kHz, +5 dB at 30 kHz, +3 dB at 40 kHz, and +0.5 
dB at 50 kHz. As with most of the other CD -4 cartridges, the 
resonant peak is at 30 kHz. Separation averages about 19 dB 
to 9 kHz, 17 dB at 10 kHz, and 11 dB at 20 kHz. This car- 
tridge also has a very low IM distortion. Perhaps, like the 
Pickering, if some parameters could be altered, it too would 
be a superior cartridge. Musically, the Stanton 780/4DQ had 
some difficulties with loud organ bass passages and the high 
end was a bit strident. There was some distortion present in 
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the mid -frequencies. The overall sound is a little hard. Evalua- 
tion was made with the dust brush attached to the cartridge, 
but compensated as described in the instructions. 

Wt. 6.64 g; d.c. res. 655 ohms; Ind. 291 mH; Output 0.54 
mV /1-cm/sec; IM dist: 1.2% lat., 1.7% vert.; Crosstalk -25 
dB; Ch. Bal. 0 dB; Trackability: High freq. (10.8 kHz pulsed) 
24 cm/sec; Mid-freq. (1000 + 1500 Hz lat. cut) less than 20 
cm/sec; Low freq. (400 + 4000 Hz lat. cut) less than 15 

cm/sec. The diamond stylus is a Quadrahedral, similar to 
that used in the Pickering UV -15/2400-Q. $125.00. 

Check No. 73 on Reader Service Cara 

Victor 4MD-1X 

This cartridge is considered to be the first CD -4 cartridge 
to be marketed. Although it has never been available in the 
U.S., it is still sold in Japan. The frequency response is flat 
from 40 Hz to above 16 kHz ± 2 dB, then climbs to +5 dB 
at 20 kHz and 28 kHz, down to +I dB at 40 kHz and -1 
dB at 50 kHz. Separation is 19 dB from 100 Hz to 10 kHz, 
dropping to 15 dB at 15 kHz and 9 dB at 20 kHz. Musically, 
we find it to be a bit muffled at the high end. The bass is 
adequate although some tracking difficulties were encountered 
in the pedal notes of the electronic and pipe organ. Transient 

l 
10 100 IK 

FREQUENCY -Hz 
I0K IOOK 

response is somewhat muddy and there was some distortion 
in the mid -frequencies. Distortion was evident when reproduc- 
ing music recorded on the Moog synthesizer. 

Wt. 7.24 g; d.c. res. 446 ohms; Ind. 405 mH; Output 0.62 
mV/1-cm/sec; IM dist. 1.3% lat., 6.8% vert.; Crosstalk -30 
dB; Ch. Bal. 1 dB; Trackability: High freq. (10.8 kHz pulsed) 
30 cm/sec; Mid-freq. (1000 + 1500 Hz lat. cut) 25 cm/sec; 
Low freq. (400 + 4000 Hz lat. cut) 24 cm/sec. The stylus is 
a nude diamond with the Shibata configuration. N.A. in U.S. 

Check No. 74 on Reader Service Card 
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SANSUI'S FOUR 1 -CHANNEL RECEIVERS 
Sansui's QRX series AM/ FM receivers are the most advanced 4 -channel units 
you can own. All four have Sansui's QS vario matrix to give you unparalleled 
4 -channel performance. QS and SQ matrix recordings and broadcasts are 
decoded with true -life fidelity. All Sansui QRX receivers feature the unique 
QS synthesizer to create 4 -channel sound from stereo sources with true 
directionality. Discrete sources such as tape and CD -4 demodulators can be 
used with any Sansui QRX 4 -channel receiver. Plus you get Sansui's famous 
engineering excellence in amplifier and tuner sections as well. Hear them all 
at your nearest franchised Sansui dealer. 

.Sac/tszti 
SANSUI ELECTRONICS CORP. 
Woodside, New York 11377 Gardena, California 90247 
SANSUI ELECTRIC CO.. LTD., Tokyo, Japan 
SANSUI AUDIO EUROPE S. A., Antwerp, Belgium ELECTRONIC DISTRIBUTORS (Canada) Vancouver 9, B.C. 

Check No. 36 on Reader Service Card 
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Quadra -Di rection 
Discrete Compatible 

Stereo 

Conclusion 

Fumitaka Nagamura* 

CONCERNING NUMBERS of channels for disc records, the 
conventional philosophy, based on which contem- 
porary stereo and quadraphonic systems have been 

developed, interprets the number of channels reproducible 
from discs to be limited to two, simply due to the fact that 
only two channels of signal transmission are employed in 

disc -cutting. 
However, the fact that recording signals input to discs in 

cutting are along two axes spatially perpendicular to each 
other, makes it possible to input an infinite number of chan- 
nels by selecting appropriate magnitude ratios and phase 
relationships for signal vectors projected on the two axes. 
Then in reproduction, detection of the infinite number of 
recorded signal vectors must be effected separately in three 
or more sectors of the domain covered by such recorded 
vectors, i.e. a 360° circular distribution around the no -signal 
center, in order to detect all of the signals without dupli- 
cation. Thus, symmetry and efficiency dictate the minimum 
number of channels for detection to be four. 

5N.F. Farrd Systems, Tokyo 
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Fig. 18-Comparison of RM and QDCS. 
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Figures 18 (A) and (B) illustrate the foregoing approach, 
i.e. QDCS, in comparison with RM which is the closest 
thereto on the recording side among conventional systems. 

Figure 18 (A) detects, through only the two transmission 
channels, such signals as had been specifically arranged 
spatially to eliminate all duplication, so that in effect it has 
cast away a portion of the fundamental capabilities of discs. 

QDCS represented by Figure 18 (B), on the other hand, 
directly detects such information as recorded within each pre - 
designated sectorial domain, so that it is a system that not 
only retains the same basic quality as that of conventional 
stereo systems, but also fulfills the fundamental continuity, 
balance, and symmetry of recorded and reproduced sound. 

By symbolizing these two approaches using the often used 
terminology of n -2-m, n -4-m, etc., they may be represented 
as follows: 

RM: m -2 -m' -2-m" 
QDCS: m -2 -m' -4-m" 

where m denotes the number of localized groups of original 
sound sources, m' that of recorded localized images, and m" 
that of reproduced localized images. One difference is that 
while the RM localization denoted by m' may either repre- 
sent real or imaginary sound images (i.e. via discs or tapes), 
with QDCS they are limited to real sound images. QDCS, 
therefore, works only with media which provide real images 
for m', or exclusively with discs at the present time. 

Ideal Recording Vectors Under QDCS 
At this point it should be appropriate to take special note 

of the fact that localization of sound recorded on discs is as 
accurate as however close to straight-line vectors the disc 
cutting vectors had been. It is by the same principle as that 
governing reproduced sound which can be as accurately 
localized depending on however close it is to an in -phase 
relationship. Our experience with conventional stereo con- 
firms truth of this principle, but expression by only two 
speakers is necessarily limited in localizing countless sound 
sources or reproducing the entire sound field. Besides, discs 
are not always cut in strict adherence to the principle, espe- 
cially when special overall effects are desired. 

However, if the same disc were subjected to detection 
along many different directions and then reproduced by the 
same number of speakers, the resultant localization of sound 
would be more accurate when the disc had been cut in full 
conformity with the foregoing principle. For such accurate 
recording of localization, the pair of signals fed to the disc 
cutter should ideally be in phase with or in opposite phase 
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Instead of racking our brains 
to find rating systems that would 
yield the highest specs for Sony 
components, we rack our con- 
sciences. 

Take our STR-7065 receiver, 
for example. We rate it at 60 watts 
per channel -- but under the most 
rigorous and meaningful condi- 
tions: continuous power at all 
frequencies from 20, to 20,000 Hz., 
both channels driven into 8 ohms. 

Which is why High Fidelity 
Magazine says: "The Sony.. . is 
comparable in its output capabili- 
ties to many amplifier sections 
regularly advertised at, say, 75 
watts per channel or more" 

That power rating is taken at 
a meaningful low distortion figure, 

too: less than 0.2% harmonic or 
IM distortion. 

High Fidelity comments: 
"Not only does the amplifier stay 
below its ratings to the frequency 
extremes (which the amplifier 
sections in many receivers do not 
quite do), but intermodulation 
stays under this figure to beyond 
95 watts at 8 ohms, and beyond 
125 watts at 4 ohms. 

High power, free of distortion 
are two of the most important 
requisites of a high quality music 
system. The STR-7065 excels 
in both. 

Describing the tuner section. 
High Fidelity said: "... Both on 
paper and in the listening room, 
FM performance of the receiver is 
excellent." Some of the circuit 
features that make it so are newly 

developed Sony FET's in the mixer 
and RF stages (for 2 µV IHF sen- 
sitivity with 90 dB spurious 
response rejection on strong local 
signals). and special Sony ,C's 
which give it a 1.0 dB capture ratio 
and 70 dB selectivity (the easier 
to pluck stations from a crowded 
dial). Such power and perform- 
ance doesn't come cheaply. 
Yet, when you consider that the 
spec fications you get are better 
than the specifications you 
are paying for, the STR-7065 is a 
remarkable value at $529.50. 

And the same value is offered 
by other Sony receivers starting 
at $229.50. Hear them at your 
Sony dealer and see which one 
rates best with you SON 

How we rate wit' 
deuends on how we rate 

Sony Corpor aeon of America 
9 West 57th Street New Yerk. N Y 10019 
Prices suggested retail Includes cabinet 
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to each other. Other phase relations are used for recording 
or synthesizing indirect sound, and except where special un- 
natural effects are sought, phase shifting direct sound simply 
creates confusion in reproduced sound localization. 

As long as phase relations of pairs of signals conform to 

this principle, countless localized sources can be recorded as 

motional vectors, each distinct from the others. In other 
words, cut disc recording makes it feasible to record all 

sounds as independent motional vectors, irrespective of the 
number of channels employed in sound pickup for the re- 

cording, although the more the channels used for pickup, 
the greater the percentage of direct sounds that are picked 
up, and so the more of localized sound sources that get 

accurately recorded. No direct connection, however, exists 

between the number of channels employed in sound pickup 
for recording and that used in detection or reproduction. 
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Fig. 19-Disc cutter input signals vs. recorded vectors 
embodying localizing information. 

48 

Actually, three types of disc cutting vectors represent direct 
sound localization, linear, elliptical, and circular motional 
vectors, as shown in Figure 19 (A), (B), and (C), but even 
the latter two, elliptical and circular, manifest themselves as 

pairs of in -phase linear motions when projected on detecting 
axes. These recording vectors, together with projections on 

detection axes and the resultant localization of reproduced 
sound, are illustrated in Figure 20 (A), (B), and (C). Musical 
information comprises plurality of these vectors which are 
further complicated by addition of indirect sound and other 
complex elements. 

New Disc Recording of Natural Sound Fields- 
QDCS Recording 

Heretofore, the usual RM recording technique relied on 
phase -shifting the rear channels only in order to reduce 
losses during two -channel transmission, but while no problem 
arises between LF and RF, or LB and RB, when signals from 
the same sound source are input to LF and LB or RF and 
RB, the cutter tip motion is no longer along a straight line 
axes, and thus a uniform utilization of the 360° tip motion is 

not accomplished. 
Sound source S in Figure 21 (A) located between LF and 

RF gets picked up by microphones LF and RF, each signal 
decomposed into projections on LT and RT axes, and then 
again these vectors are recombined to form the original 
vector S, as shown in Figure 21 (B), which drives the cutter 
tip correctly. Similarly, sound sources in between LB and RB 

are correctly cut into discs. 
However, as shown in Figure 22 (A), when the source is 

between LF and LB, LT and RT projections of LB which 
first passes through the phase shifter are shifted by 90°, and 
then vectorially added to LT and RT projections of LF, so 

that these do not form a linear motional vector, resulting in 

a non-linear motion of the cutter tip and incorrect sound 
localization. The same goes for sound sources between RF 
and RB. 

In order to correctly recombine these vectors, firstly, pickup 
microphones should be arranged in a manner shown in 

Figure 23, and secondly, vectorical additions representing 
LT directions and vectorial subtraction RT directions as 

shown in Figure 22 (B), should be used for transmission after 
phase -shifting in a manner to avoid transmission losses as 

well as to eliminate crosstalk, thereby to correctly drive the 
cutter head. 

Thus, sound sources located in the four quadrants, FL -FR, 
RF -RB, BR -BL, and LB-LF, are cut into discs in a mutually 
equal, uniform distribution of recorded vectors. 

Crosstalk Eliminator 
With cartridges with Figure 5 (A) ideal sensitivity distribu- 

tion, signals picked up for the four independent channels 
from recorded discs need only be processed through a simple 
phase shifter to provide excellent reproduction. However, in 

the present state of art, only Figure 5 (B) approximation is 

feasible, so that further enhancement by electronic circuitry to 
reduce crosstalk is necessary to simulate Figure 5 (A) in 

overall performance. This electronic circuit is entitled "Cross- 
talk Eliminator" and its block diagram is shown in Figure 24. 

This circuit differs from the usual logic circuits in that it 
involves no non-linear amplification and separation among 
channels is held constant. 

The basic technique is to cancel crosstalk with the same 
signals in opposite phase, and does not involve such often - 
used methods incorporating variable parameters, as cancelling 
by simulated signals as practiced in logic circuits of matrix 
decorders, cancellations to accentuate predetermined peculiar 

(Continued on page 54) 
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way out! 
Tape cassettes and cassette 
recorders were once regarded 
pretty much as novelties. Sure, 
they were great for voice record- 
ings, but they weren't taken seri- 
ously by hi-fi buffs. Then along 
came TDK's Super Dynamic, the 
tape that started a revolution in 
the industry. It gave the cassette 
true high-fidelity capability for the 
first time, thereby stimulating the 
development of improved cas- 
sette recorders. 

As a result, manuliacturers of both 
tape cassettes and cassette re- 
corders started turning out better 
and better products. So today the 
question is " how well do they 
match each other in performance 
capability?" And with the devel- 

opment of TDK's great new 
Dynamic -series of cassettes, the 
whole world of sound reproduc- 
tion has changed. 

When it comes to matching or ex- 
ceeding the performance capa- 
bilities of present-day cassette 
recorders, TDK's new Dynamic 
series is way out front. Extra 
Dynamic (ED) cassettes offer an 
entirely new dimension in record- 
ing fidelity that is vastly superior 
to any other cassette now on the 
market. Super Dynamic (SD), the 
tape that started it all, still has 
better -balanced total perform- 
ance characteristics than any 
other brand made and is available 
in cassette or open -reel format. 
And Dynamic (D) is an entirely 

new hi-fi cassette offering excel- 
lent quality at moderate prices, 
with characteristics superior to 
most "premium" cassette tapes. 

So if you want to be sure of 
using cassettes that provide the 
best total performance on any re- 
corder ... for performance capa- 
bilities that are and always will be 
ahead of the industry ... discover 
the dynamic world of TDK! 

the new dynamic world of 

HvTDK. 
TIDK ELECTRONICS CORP. 
755 Eestgate Boulevard, Garden City, New York 11530 
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DIGITAL COW 
Bell&Howell Schools 
introduces an amazing 
new color TV featuring 
channel numbers and 
digital clock that 
flash on the screen 
and automatic 
channel selector! 

Now you can build and keep 
a color television that's ahead 
of its time! 

You've seen TV's that swivel, TV's 
with radios built in, TV's small enough 
to stuff in a suitcase and TV's that 
have remote control. 

But now comes a color television 
with features you've never seen before. 
Features now possible as a result of the 
new technology of digital ejectronics 
... features that make Bell & Howell's 
new 25 -inch diagonal digital color TV 
ahead of its time! Like... 

Channel numbers that flash big and 
clear right on the screen. An on -screen 
digital clock that flashes the time in 
hours, minutes and seconds with just 
the push of a button. An automatic 
channel selector that you pre-set to 
skip over "dead" channels and go di- 
rectly to the channels of your choice. 

1 

Simulated Vv picture. 

You build and keep 
this revolutionary new Bell & Howell 

25" diagonal digital color TV! 
Mail the postage -free card today 

for complete details, free! 

And, to insure highest quality per- 
formance, this new TV has all -elec- 
tronic tuning, reliable integrated cir- 
cuitry, and 100%h solid-state chassis for 
a brighter, sharper picture with long 
life and dependability. 

Perform fascinating 
experiments ...test your new TV 
as you build it...with the 
exclusive Electro -Lab, 
electronics training system. 
It's yours to build and keep! 

Designed exclusively for our stu- 
dents, this new Bell & Howell Electro - 
Lab " features the most sophisticated 
and up-to-date "tools of the trade". In- 

struments you can use professionally 
after you finish the program. 

A new digital multimeter that mea- 
sures voltage, current and resistance 
and displays its findings in big, clear 
numbers. Far more accurate and read- 
able than conventional "needle pointer" 
meters that require guesswork and 
interpretation. 

al., Lw,.I SUMO ! 
The solid-state "triggered sweep" 

oscilloscope is a "must" for accurate 
analysis of digital circuitry. With it you 
are able to make measurements of 
circuits in much the same way that 
heartbeats are measured on an electro- 
cardiograph. Includes DC wide -band 
vertical amplifier and "triggered sweep' 
feature to lock in signals for easier 
observation. 

The design console is a valuable de- 
vice for setting up and examining cir- 
cuits without soldering! Features 
patented modular connectors, AC 
power supply and transistorized dual 
range DC power supply. 



RTVIS 
Build it 
yourself... 
the perfect way 
to learn all 
about the 
exciting new 
field of digital 
electronics! 

It's a fascinating spare -time 
project you can enjoy at home! 

Imagine spending your spare time 
actually building your own 25 -inch 
diagonal digital color TV! It's a project 
you can enjoy working on right in your 
home. And you'll be amazed at the 
electronics knowledge you'll pick up 
in a relatively short period of time! 

There's no travelling to classes, no 
lectures to attend, and you don't have 
to give up your job or paycheck just 
because you want to get ahead. When 
you finish this new Bell & Howell 
Schools program, you'll have the skills 
you need plus a great color TV to 
keep and enjoy for years! 

RE! 
Digital 

electronics is 
changing 
our lives! 

There's a lot more to digital elec- 
tronics than just the numbers! True, 
that's what you see on more and more 
products like digital calculators, clocks 
and watches. But behind the numbers 
lies a fantastic new technology that's 
creating higher standards of accuracy 
and dependability. The versatility of 
digital electronics has begun another 
industrial revolution. Its growth and 
applications are limitless, giving us 
new and better ways of doing things 
and spectacular products like this new 
Bell & Howell digital color TV! 

You don't have to be an 
electronics expert to build it ... 
we help you every step of the way. 

One of the beauties of this TV is 
that you don't need previous elec- 
tronics experience to build it! With a 
few simple household tools, our step- 
by-step instructions and the exclusive 
Electro -Lab , you've got all the basics 
you need. Should you ever hit a `snag, 
you're just a toll -free call away from 
one of our expert instructors who can 
help you solve it. You can also take 
advantage of our in -person "help 

sessions" held in major cities through- 
out the year where you can enjoy 
"talking shop" with instructors and 
fellow students. 

Pick up valuable skills in digital 
electronics that could lead to extra 
income full or part time ... or a 
business of your own! 

Once you have your new TV, cash 
in on all that you learned from building 
it! This new Bell & Howell program 
employing digital electronics will help 
you gain valuable new skills that could 
easily lead to extra income, part time. 
A service or repair business of your 
own? Why not! We even show you how 
to get started with a complete volume 
on the basics of setting up a TV servic- 
ing business. Get the complete story on 
this exciting, learn -at-home pro- 
gram ... the world's first color 
TV course employing digital 
electronics technology! 

Mail card today 
for full details, free! 
Electrotab is a registered trademark 
of the Bell & Howell Company. 

If card has been removed, write: 
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An Electronics Home Study School 
OEVRV IOSTITUTE OF TECHOOLOGV 

ONE Of THE 

BELLE HOWELL SCHOOLS 
4141 Belmont. Chicago, Illinois 60641 


