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Despite this conservatism, the 
SX-1010 far surpasses any unit that 
has come before it with an unprece- 
dented 100 watts of power per 
channel, minimum RMS, at no more 
than 0.1% total harmonic distorion. 
Closely following are the SX-939 
(70 watts RMS per channel, minimum) 
and the SX-838 (50 watts RMS per 
channel, minimum), both with no 
more than 0.3% total harmonic 
distortion. Dual power supplies 
driving direct -coupled circuitry 
maintain consistent high power 
output with positive stability. A f ail - 

receivers the world 
Pioneer believes ht any objective 
comparison of quality/performance/ 
price be:ween our new SX-1010, 
SX-939 end SX-838 AM -FM stereo 
receivers and any other fine receivers 
will overwhelminc,y indicate Pioneer's 
outstanding super city and value. 

Our most powerful ever. 
Pioneer uses the most conservative 
power rating stancard: minimum 
continuous power output per channel, 
into 8 oh -1 loads, across the fu audio 
spectrum from 20 Hz to 20,000 Hz. 
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safe circuit protects speakers and 
circuitry against damage from 
overloading. 

Outstanding specifications 
for flaw`'ess reception 
FM reception poses no challenge to the 
excepticrally advanced circuitry of 
these fine instruments. Their FM tuner 
sections are designed with MOS FETs, 
ceramic filters and phase lock loop 
circuitry. The result is remarkable 
sensitivity, selectivity and capture ratio 
that brings in stations effortlessly, 
clearly aid with maximum channel 
separation. 

SX-1010 SX-939 SX-838 

FM Sensitivity (IHF) 1.7uV 1.8uV 1.8uV 
(the lower the better) 

Selectivity 
(the higher he better) 

Capture Ratio 
(the lower the better) 

Signal/Noise Ratio 
(the higher tie better) 

90dB 

1dB 

72dB 

80dB 

1dB 

70dB 

80dB 

1dB 

70dB 

Total versatility plus innovations 
Only your listening interests limit the 
capabilities of these extraordinary 
receivers They have terminals for 
every conceivable accommodation: 
records, tape, microphones, head- 
sets - plus Dolby and 4 -channel 
multiplex connectors. Completely 
unique on the SX-1010 and SX-939 is 
tape -to-tape duplication while 
listening simultaneously to another 
program source. The SX-838 
innovates with its Recording 



The finest stereo 
has ever known. 
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TONE 
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3,025 possible tonal compensations with unique twin stepped tcne controls 
(SX-101C', SX-539) 

Selector that permits FM recording 
while listening to records anc vice 
versa. Lp to three pairs of speakers 
may be connected to each model. 

INPUTS SX-1010 SX-339 SX-838 

Tape monitor/4-ch. 
adaptor 

3 2 2 

Phono 2 2 2 

Microphone 2 2 1 

Auxiliary 1 1 

Noise reduction 1 1 1 

OUTPUTS 
Speakers 3 3 3 

Tape Rec. '4 -ch. 
adaptar 

3 2 2 

Headsets 2 2 1 

Noise rection 1 

4 -channel MPX 1 

96 
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102 
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Master control system capability 
Pioneer's enDireers have surpassed 
themselves with a combination of 
control features never before found 
in a single receer. All three units 
include: pushbutton function selection 
with illuminatec readouts on the 
ultra wide tuning dial. FM and audio 
muting, loudness cortour, hi/low 
filters, dual tuning meters and a 
dial dimme-. 

Never before used on a receiver 
are the twir stepped bass and treble 
tone controls found on the SX-1010 
and SX-939. They offer over 3,000 
tonal variations. A tone defeat 
switch provides flat rasponse 
instantly throughout the audio 
spectrum. The SX-838 features 

Check Mo. 25 on Reader Service Car 

switched turnover bass and treble 
controls iior more precise tonal 
compensation for room acoustics and 
other program source characteristics. 

In their respective price ranges, 
these are urquestionably the firest 
values in stereo receivers the world 
has ever known. Audition their 
uniqueness at your Pioneer dealer. 
SX-1010 - $699.95; SX-939 - $599..95, 
SX-838 -$99.95. Prices include 
walnut cabinets. 

Also new and more 
moderat&ly priced. 
Pioneer's most complete and f nest 
line of receivers ever, presents 
equally outstanding values starling at 
$239.95. Shown here are the SX-535 - $299.95, SX-636 - $349.95, SX-737 - $399.95. All with walnut cabinets. 

U.S. Picneer Electronics Corp., 
75 Oxford Drive, Moonachie, 
New Jersey 07074 
West: 13300 S. Estrella, Los Argeles 
90248/Midwest: 1500 Greenleaf?, 
Elk Grope Village, Ill. 60007/Canada: 
S.H. Parker Co. 

(v) PIONEER' 
when you want something better 



RESIDUE 
PROOF 

Every record cleaner claims to remove 
dirt. But never mentions what it leaves 
behind. Recent independent tests 
show that this omission may be more 
than just oversight. See for yourself. 

500% or Greater Residue 

than di, 

300% 

r--1 
,>`' 

e 
lP 

400% 

JSP 2 
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Actual dry weight measurements of best selling record cleaners. 

The chart is just half our story. Only 
discwasher's directional pile brush 
(Pat. Pending) lifts fluid and any resi- 
due off the record by capillary action. 
So things aren't left to air dry. 
Discwasher-the superior record 
cleaner is at Audio Specialists world 
wide. 

Discwasher INC. 

909 University, Columbia, Mo. 65201 
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"Bring it back alive: 
"Professionally, people see me 
playing concerts or leading the 
Tor ight Show orchestra. But 
when I relax to the purest sound 
of my favorite music, nothing 
brings it 'jack alive like the 
incred ble Sourd of Koss. 

Frcm the deepest, toe - 
cur inc. bass notes of a pipe 
oróan, tc the :risp, brilliant 
highs of `he brass section, 

<OSS 

nothing con match the 
excitement of a live 
performance as weil as Koss 

Stereophones. And nothing can 
match the incredible scund of 
the PRO-4AA. Bec 3u:e the Koss 

F.0 -4A/. features the only 
driver element designed 
srecifica ly for ste-ec-phones. 
So when it comes tri ni<ing the 
=-cund in ;our head instead of 

on the walls of your living 
room, you'll hear two more 
octaves than you've ever 
heard before in a 

dynamic stereophone. 
"Take a tir from old 'Doc' 

and hear it like you've never 
heard it befo -e ... on Koss 
Stereophones. From $15.95 to 
$175, they're the grectest. Just 
ask your Audio Specialist for a 

live demonstration, or write 
for a free full -color catalog, 
c/o Virginia Lamm. Either way, 
you'll 'bring it back alive'." 

Koss PRO.4AA Stereophone 

Koss Corporafio t 

KOSS stereophones 
from the people who invented Stereophones. 

CORPORATION, 412' N. Port Vrashington 1ve., Milwaukee, W xonsin 53212 Koss S.r.l., Milan, Italy Koss Limited, Ontario 

Check N ). 17 on Reade- Service Card 



THESE AMPS 
SOUND BEST! 

MODEL 250 

MODEL 750A 

BECAUSE THEY HAVE: 
No current limiting circuits 
to produce buzzes, rattles, 
or chirps at high levels. 
Enough muscle to create the 
effects for Universal Studios' 
great new movie sensation 
EARTHQUAKE. 
Incredibly accurate high 
speed OpAmp circuitry to 
eliminate phase shift and 
crossover distortion. 
Specs which meet the 
stringent, new FTC Regula- 
tion on Amplifier Ratings, 
while practically all others 
don't! 

For data sheets and a reprint 
of the article "FTC Power 
Ratings: An Optimistic View," 
(Audio Magazine, Feb. 1975) 
write or call: 

G11 
SYSTEMS 

BGW Systems 
P.O. Box 3742 
Beverly Hills 
CA 90212 
(213) 391-0320 

in Canada... Recrion, Limited 
23 Vesta Drive 
Toronto, Ontario 
M5P 2Z6 
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Joseph Giovanelli 

Connecting Several FM and TV 
Sets to One Antenna 

Q. My problem is this. My signal 
source is a community TV/FM 75 -ohm 
cable. 1 want to connect a black -and - 
white TV set, a color TV set, and an FM 
tuner to this cable. I now have them 
hooked as follows: The cable termin- 
ates in a 75 -to -300 ohm adaptor and 
two-way splitter. The main output of 
the splitter goes to the black -and - 
white TV set and the other output of 
the splitter is connected to the input 
terminals of another two-way split - 
ter, with one set of output terminals 
connected to the FM tuner, and the 
other set to the color TV set. The 
black -and -white set works very well. 
The color set, however, is adversely 
affected by the black -and -white TV 
set when changing from one channel 
to the other. This causes snow and 
even a loss of color on the lower 
channels when the black -and -white 
set is switched to higher ones. 

Please tell me the proper way to 
straighten this out. I think I need a 75 - 
to -300 -ohm adaptor with three out- 
puts, but 1 cannot locate one. I also 
wonder if a signal booster is called for 
in this situation.-Keith J. Webster, 
Elko, Nevada 

A. Your problem will be best sol- 
ved by using a transformer to step up 
the 75 -ohm impedance of the cable to 
the 300 ohms which is required by 
each of the various pieces of equip- 
ment you wish to connect to the 
cable. Chances are that this transfor- 
mer will have but one 300 ohm set of 
terminals. You then must obtain a 

three-way coupler by which you can 
interconnect the sets. It would appear 
that your present signal splitters are 
not much good or you would not get 
the interaction between sets. The 
whole purpose of a signal splitter is to 
avoid just such problems as those you 
mentioned. 

Obtain the best possible trans- 

former and coupler because you do 
lose some signal in each of these de- 
vices. By the time signals reach the 
various sets, 4 to 6 dB of signal will be 
lost. This loss is not too serious if the 
strength of the signals is high, and 
where you have good isolation be- 
tween sets, as is supposed to be ac- 
complished by the splitter. 

Plaing Old Mono Tapes 
Q. 1 have several 12 -year -old reels 

of tape recorded from FM using a 
mono recorder. What type of track 
arrangement currently available 
should I use, 4 -track stereo or two? 
What would one sacrifice with each 
kind, soundwise?-Edward J. Samp- 
son, Jr., Andover, Mass. 

A. You will get better results with a 

half-track (2 -track) stereo head when 
playing mono tapes. The difference 
will be a 3 dB higher signal-to-noise 
ratio, because the longer half-track 
gap will pick up more signal than the 
quarter -track gap. On the other hand, 
using a half-track playback head, 
there is the possibility of poorer treble 
response owing to imperfect azimuth 
alignment. The longer the gap, the 
greater the treble loss for a given 
degree of azimuth misalignment be- 
tween the head used in recording and 
the head used in playback. 

Editor's Note: In his February Au- 
dioclinic column, Mr. Giovanelli 
stated that "the output impedance of 
tube ... preamplifiers is generally so 
much higher than the input impe- 
dance of transistor units that the sig- 
nal output from the tube unit is in- 
adequate to drive the transistor com- 
ponent." The Audio Research folks 
ask us to note that their tube preamp 
has an output impedance low enough 
to drive all current transistor amps, 
and ranges from 50 to 600 ohms de- 
pending on tone control setting. 

About The Cover: In our prowlings after antique 
musical instruments, we came across a charming 
repair shop in one of Philadelphia's quaint neigh- 
borhoods. Though the owner says he has all the 
work he can handle, we thought it would be nice 
io share this view of his bench with you. 

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 enclose a stamped, self- 
addressed envelope. 

4 AUDIO APRIL, 1975 
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It's not your components 
that are getting worse, it's your 

ear that's getting better. 
By better, we mean it's learned to pick up things in 

music that it was never able to before. 
And that's why that system you bought may have 

sounded great a couple of months ago but doesn't sound so 
great today. The human ear, you see, is the most advanced 
sound receiver system in the world.Your eardrum is sensitive 
to one billionth of a centimeter. And it has a tiny bone called 
the incus that can vibrate up to 20,000 times a second. 

Enough said about how good your ears are. Now what 
can you do to improve your system? 

A general tip: Whatever you buy, buy up. You might 
not think it's worth the extra couple of hundred dollars 
now but you'll be glad you sprung for it later. 

A specific tip: Consider Sony separates. 
Separates offer you specs you generally can't get in 

non-separates.'And therefore a better quality of sound. Our 
TAE -8450 pre -amp, for example, has a low distortion rating 
of THD 0.03%, a wide dynamic range of 60-70dB and 
accurate phono equalization (RIAA). 

In addition, it offers you such features as a step 
attenuator gain control (volume control) that allows precise 
gain adjustment readings (our 2dB reading is the minimum 
loudness change the human ear can detect), extremely 
accurate tracking in 2 channels, and a quieter, longer 
lasting performance due to the use of low resistant sterling 
silver contacts. The unit also has a single peak program 
meter with a hold position that al lows reading at the highest 
point of the signal wave form, thereby helping to detect 
overload distortion. And it also serves as a volume unit 
meter (vu) that al lows for easier monitoring by showing the 

average value of a signal over a period of time rather than 
sudden changes within a short period. 

We have separates that start at prices a lot lower than 
you'd expect to pay. And go all the way up to prices you're 
probably not ready to spend right now. So if your ears ever 
outgrow the system you buy we have others they can easily 
grow into. Why not stop into a Sony dealer and ask one 
of our salesmen for some help. After all, if you really 
appreciate music, shouldn't you have a system you can 
really appreciate it on? 

SONS® 
©1975 Sony Corp.of America. Sony, 9 W. 57 St., N.Y., N.Y. 10019. SONY is a trademark of Sony Corp. 
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The Stax SRX-II is quite simply the 
finest sound reproduction system you 
can buy. Period. 

Much better than any speaker system at 
any price. Literally the standard for 
"other" headphone manufacturers. 

Compare the facts you can measure: flat 
frequency response from 25 - 30,000 
Hz ( ± 1.5 dB), distortion is essentially 
unmeasurable- 

Now compare the facts that really 
matter. The SRX-II is entirely hand as- 
sembled and evaluated by the family 
company who created the first electro- 
static headphone. A company dedicated 
to research - to ultimate sound. So 
every SRX is the product of detailed 
effort. Even the low mass diaphrams 
are individually paired - both by elec- 
tronic testing and by listening. 

Listen to an SRX system with program 
material you "know". You will be in the 
front row - the same -room - the re- 
cording studio You will hear perfection. 
The truest, clearest, most transparent 
reproduction ever possible. A reality 
now at aidio dealers nationwide. 

STA X 
Backed by American Aucioport, Inc. 

909 University 
Colombia, Mo. 65201 

Tape Guide 
Herman Burstein 

Open Reel or Dolbyized Cassette? 
Q. Would you recommend a Dol- 

by cassette recorder over an open - 
reel recorder at this time. Also, which 
machine would you consider to be 
superior to the others avail- 
able?-Joe Szalajko, Los Angeles, 
California 

A. While cassette machines incor- 
porating the Dolby B system are con- 
sidered to be a substantial improve- 
ment over former cassette machines, 
it appears that a high quality open - 
reel tape recorder operating at 3-3/4 
ips is still better. And open -reel re- 
corders operating at 71/2 ips are 
even better. The quality difference 
between cassette and open -reel 
machines is less than formerly, but 
there is still some difference. The pol- 
icy of Audio magazine is not to 
recommend specific items of equip- 
ment. 

8 -Track Head Adjustment 
Q. I would like to purchase an 8 - 

track cartridge player for my car, and 
want one with an adjustment so that 
the tape head can be moved up and 
down for proper tracking. Who wants 
to hear two different selections at the 
same time? Not me!-David E. Vogel, 
Tucson, Arizona 

A. I do not know of any cartridge 
player with the head adjustment fea- 
ture you are seeking. Even if you find 
such a machine it is unwise for any- 
one but a person equipped with the 
required knowledge and instruments 
to adjust the position of the tape 
head. In moving the head vertically, 
care must be taken not to disturb the 
azimuth alignment (90 degree angle 
between the tape head gaps and the 
long dimension of the tape). You 
should purchase a machine on the 
basis of its general quality consistent 
with what you wish to pay, and then 
have the position of the head checked 
by a competent technician, prefer- 
ably one authorized by the maker of 
the machine. 

Adding Erase -Defeat 
Q. Can you explain how to add an 

erase -defeat switch to one's tape 
recorder? Is it safe just to open up the 
connection to the erase head, or 

6 

would shorting the erase head be 
better?-Donald A. Potts, 
Independence, Mo. 

A. A substitute load is used when 
the erase head is defeated, so that the 
amount of bias to the record head is 
unaffected. That is, the erase head is 
disconnected from the bias supply 
and a resistor is connected in its place. 
The value of the substitute load is 
determined by trial and error. It must 
draw the same amount of bias current 
as the erase head. The proper re- 
sistance and wattage rating of a sub- 
stitute load resistor might be obtained 
from the manufacturer of your tape 
machine. Sometimes the specifica- 
tions of one's tape machine state the 
impedance of the erase head at the 
bias frequency. This would indicate 
the appropriate ohmic value of the 
resistor. You can also measure the 
current drawn by the erase head with 
a wide band vacuum tube voltmeter 
(VTVM) across a small resistance in 
series with the erase head. Compute 
the current according to Ohm's law, 
then the resistance can be figured. 

Control Button Pops 
Q. I have a Signal Corps Telectro 

tape recorder, obtained through a 

government surplus house. This ma- 
chine is solenoid controlled, much 
the same as an Ampex 354. It works 
fine except for one thing. Anytime I 

depress one of the motion control 
push buttons, a very loud pop is heard 
at the audio output. This is quite 
annoying, and I would like to know 
how I can eliminate this noise.-John 
W. Schuerman, Richmond, Indiana 

A. Quite likely you can eliminate 
the annoying pop by mounting a 400 
to 600 volt capacitor across the switch 
actuated by the control button. A 
value in the range of .01 to .1 µ F 

should do it. You may also need a 

resistance of about 100 ohms, 1/4 watt, 
in series with the capacitor. 

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. 

AUDIO APRIL, 1975 
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New from Acoustic Research 

The AR -10n 
A new standard of musical accuracy 
and an unprecedented degree of placement flexibility 

Musical accuracy 
The new AR-10Err is the most 
accurate musical reproducer 
that Acoustic Research has 
ever built for use in the home. 
It has been designed to deliver 
uniform flat energy response 
in most listening rooms. This 
means that the musical 
balance of the input signal will 
be accurately transmitted to 
the listener, and listeners in 
virtually all listening positions 
will hear the performance in 
the same way. A new tweeter 
and crossover network make 
this new standard of accuracy 
possible. 

Speaker placement 
Speaker placement in the 
listening room is of critical 
importance to the musical 
balance of the system. 
That's why most speaker 
manufacturers give explicit 
instructions on exactly where 
their speakers must be placed 
for best results. The AR-10-rr 
however has been designed 
for maximum flexibility in this 
respect. It can operate in 
almost any location in your 
room with no sacrifice in 
accuracy. 

The AR-10rrcan be positioned 
against a wall, in a corner, or 
even in the middle of the room. 

Simply resetting a single 
switch will ensure the right 
amount of bass energy for any 
position -something that is not 
possible with conventional 
loudspeaker designs or 
equalization techniques. 

Acoustic Research has 
prepared a comprehensive 
description of the AR -107T 
speaker system. You can get a 
free copy by sending us the 
coupon below. 

Acoustic Research 
10 American Drive 
Norwood 
Massachusetts 02062 
Telephone: 617 769 4200 

TELEDYNE COMPANY 

Please send me a complete description of the AR-10-rr AU4 

Name 

Address 

Check No. 1 on Reader Service Card 



Dear Editor: 

FTC Power: Round II 
Dear Sir: 

In response to Mr. Robert Tucker's 
article, "An Alternative View" 
(February), and the continued flagrant 
violation by several manufacturers 
and publishers in permitting illegal 
advertisements to appear at this late 
date: 

We believe the consumer of audio 
amplifiers does not buy them by the 
watt as he would gasoline by the gal- 
lon. Just as it takes 40 square yards of 
carpeting to cover 40 square yards of 
floor, it takes a minimum number of 
watts to drive a given speaker system 
to a given sound pressure level in a 

particular room. Beyond this, the 
choice is usually one of quality. Forty 
square yards of $3.50 -per -square -yard 
synthetic carpeting will cover the 
floor as well as 40 square yards of 
$25.00 -per -square -yard of the finest 
all -wool broadloom. But, there will be 
a difference in the feel, the wear, and 
the longevity. 

As Mr. Tucker stated, BGW Systems 
does indeed make "tanks." But our 
tanks come in many sizes, all rugged 
and all designed to give the con- 
sumer a conservatively designed 
product for his dollar. So, although 
the FTC regulation may force the con- 
sumer to pay more dollars per 
"brown -goods" watt, our real watts 
(and prices considering inflation) re- 
main almost the same. 

The sonic benefits are far from 
"negligible." As we stated in our 
article, conservative design has made 
it possible to build an amplifier 
without current limiting circuits and 
their inherent problems at high levels. 
A -B comparisons will prove this to be 
a far from "negligible" gain. 

Mr. Tucker claims that the rule will 
result in reduced product informa- 
tion. We feel that it will result in re- 
duced audio -fiction but much more 
real product information. Since not 
only manufacturers but dealers and 
publishers as well are covered by the 
enforcement provisions of the rule, 
the information that the consumer 
will receive will be based on 
minimum performance under rigid 
test conditions. True, there may be a 

good many shorter spec sheets, but 

what they say will refer to the actual 
product and not to a pipe dream of a 

clever copy writer. 
We at BGW Systems are appalled at 

the apparent disregard of the law by 
several other manufacturers by run- 
ning advertisements which do not 
comply. Furthermore, we feel it is the 
publisher's responsibility to see that 
his magazine prints only that material 
which is written in accordance with 
the law. 

Brian Gary Wachner 
BGW Systems 

Beverly Hills, Calif. 

Editor's Note: Mr. Wachner's letter 
would lead one to believe that a 

magazine, such as Audio, has a duty 
placed on it by the FTC's power -out- 
put regulation to police advertise- 
ments for amplifiers and receivers. 
This is not so. First, the courts have 
often held that a publisher may not 
censor ads unless he can show out- 
right slander or pornography (and 
even this last is again open to 
question). Second, the FTC would 
bring all advertising of these prod- 
ucts to a grinding halt were it to re- 
quire the publisher to test the prod- 
ucts; obviously an impossibly expen- 
sive task and one which many pub- 
lishers cannot perform even on a 

single unit. Third, it is similarly im- 
practical for the FTC to require that a 

publisher obtain certification of com- 
pliance with the rule from an adver- 
tiser since by advertising the product 
the maker is prima-facie saying that 
his product DOES meet the standards 
set up by the rule. Fourth, the rule, as 

promugated, makes no mention of 
publisher responsibility. To extend 
that responsibility to the publisher 
would be to lose sight of whose prod- 
uct is being advertised by making the 
publisher a "policeman" agent of the 
FTC. Audio has been in consumer 
fights before, and we applaud the 
basic intent of this rule. However, we 
cannot act as the FTC's unpaid agent. 
It would be cheaper to simply stop 
accepting ads which made power - 
output claims. 

We therefore reject any interpreta- 
tion which makes a publisher respon- 

sible for the power -output claims 
contained in advertisements. 

Mr. Tucker Replies 
Dear Sir: 

Lest the first paragraph of Mr. 
Wachner's letter be misinterpreted, 
any reference to power output in 
Dynaco advertisements published 
since the November FTC Rule date 
conforms to the strictest interpreta- 
tion of the Rule. While we strongly 
contest certain aspects of the Rule, we 
believe in full compliance until it is 

altered. We deplore attempts to sub- 
vert it, especially those specifications 
written in apparently conforming for- 
mat, which neglect to mention that 
they ignore the stringent precon- 
ditioning requirements. 

While the FTC has indicated that 
it will not sue for misleading adver- 
tising under the preconditioning 
paragraphs of the Rule until the 
Dynaco petition is resolved, such 
advertising tactics adversely reflect on 
our industry's credibility, and further 
confuse the customer. And, since 
neither the magazines nor the dealers 
are in any position to police power 
claims, a massive investigation and 
enforcement campaign will have to 
be speedily implemented by the FTC 
if those with honest ratings are not to 
suffer disproportionately. In the in- 
tervening months or years, more con- 
fusion could result from misinforma- 
tion under the guise of compliance 
than from the nonsensical power 
rating of the past. 

While we wish it were not so, too 
many amplifiers are indeed bought 
"by the watt." Were that not true, the 
Rule would not have been so sorely 
needed. BGW may find it less of a 

problem in their marketplace, but 
with several hundred thousand 
Dynaco amplifiers behind us, we are 
quite aware of typical buyer priori- 
ties. 

We doubt that the Rule will have 
much effect on mass merchandise 
"brown goods" audio, other than to 
suppress any references to power 
ratings. We'd prefer, in fact, that the 
Rule require some rating, preferably 
with a minimum bandwidth require- 
ment, as did the original New York 
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OU -PUT POWER 

If the whole is greater than the sum of its parts, 
imagine what happens when each part 

is greater than it has to be. 

T-100 
AMIF i Stereo Tuner 

C-200 
Stereo Preamplifier 

P-300 
Stereo Power Amphtier 

TEA(' Corporation of anuaì 

Your Accuphase retailer 
will be happy to demon- 

strate exactly what 
happens.To find the one 

nearest you, write us. 

lAccuphase 
''Y T EAC. 

3:3 Telegraph lirxnl. \I tohello. California 906911. 



The tra_gseeof 
pickerings cartridges 
makes possible... 

The best 
of both 
worlds 

For the World of STEREO 
and MATRIX-XV-15/1200E 
The 1200E is the furthest advance achievable 
today-and perhaps in the forseeable future- 
in stereo cartridge design and performance. 
Its exceptional ability to pick up all the material 
recorded at the lightest possible tracking 
forces plus its tracing ability at high frequen- 
cies make it totally unique. Pickering's ex- 
haustive testing shows that the 1200E is 
superior in the flatness of its frequency re- 
sponse and channel separation to competitive 
cartridges. 

For the World of DISCRETE 
4-CHANNEL-UV-15 SERIES 
The discrete 4 -channel system requires com- 
pletely new cartridges that could not only 
faithfully reproduce the 20 Hz to 20 kHz AM 
signals, but also the 30 kHz FM modulated 
signals. This requires exceptional ability to 
trace high frequency signals. The UV -15 Series 
cartridges are capable of satisfying all tech- 
nical and aesthetic requirements for playback 
of both discrete and stereo discs. 

For further information write to: 
Pickering 8, Co., Inc., Dept. A. 

101 Sunnyside Boulevard, 
Plainview, New York 11803 

PICKERING 
for those who can heail the difference' 

Check No. 44 on Reader Service Card 

City power Rule. 

There is no relationship between 
the design requirements to conform 
to the Rule, and the supposed sonic 
benefit Mr. Wachner claims from 
leaving out current limiting circuits in 
his models. Current limiting could be 
left out of a cheap design too (few of 
these now include it), or another 
engineer might still choose to add it 
to the BGW 750A "tank" out of 
zealous conservatism. Given an ac- 
ceptable amplifier by previous "rms" 
or continuous average power meas- 
urements, any change to the Rule will 
not improve its sonic quality one iota. 
Fans, in fact, degrade achievable sig- 
nal-to-noise ratios in the listening 
area. 

We concur totally in supporting the 
Rule's provisions which help to re- 
move information of dubious validity 
from the spec sheet, and secure it 
from the copywriter's influence. But 
we believe that realistic power 
specifications at all useful impedances 
are helpful to the purchaser. The Rule 
requires complete specifications for 
all impedances "for which the manu- 
facturer designs the equipment to be 
used." Currently, manufacturers can 
easily circumvent their problem of 
ridiculously low 4 ohm ratings with 
preconditioning by not "designing" 
the amplifier for 4 ohm use. There is 

no assurance that the FTC will tolerate 
that loophole, especially with ampli- 
fiers which have previously been 
rated at 4 ohms, or those which in- 
clude "A+B" parallel speaker switch- 
ing, or those which make reference to 
such use. Or do we assume that only 
16 ohm speakers may be used for such 
parallel connections? 

This is not to say that all amplifiers 
must be rated at all 3 common im- 
pedances, but rather that if the manu- 
facturer so chooses, or the buyer re- 
quires that information, that the 
figures thus given bear some sensible 
relation to real capability. Only then 
can the buyer weigh the advantages 
(higher available output) or dis- 
advantages (destructive capability) 
properly. 

I note Mr. Wachner said that fan - 
cooled amplifiers and those "de- 
signed for 2 ohm use" are those least 
affected by the Rule in retaining exist- 
ing power ratings (at least down to 8 
ohms or possibly 4 ohms). But, by 
definition, such amplifiers must now 
carry 2 ohm power ratings as well! 

Lest it be thought we are jousting at 
windmills, one example should clarify 
the fallacy in the Rule's require- 
ments, though more extreme ex- 
amples can be found among popular 
amplifiers. The Dynaco Stereo 400 has 
more heat sink per output transistor 

than any other amplifier we know 
of -1.2 pounds of aluminum, and 130 
square inches of radiating area per 
device. We could design it to include 
a noisy fan, but instead we've de- 
signed it for better performance 
without a fan, and with tighter ther- 
mal protection. Reviewers have not 
found any need for a fan on the 
Stereo 400 (even though space is pro- 
vided on the chassis) because thermal 
tripping is almost non-existent on the 
thousands in use. 

The Stereo 400 has always been 
rated at 200 watts "rms" per channel 
into 8 ohms, and 300 watts "rms" per 
channel into 4 ohms, which reviews 
have fully supported. Under the Rule, 
the rating is now 200 watts per chan- 
nel, both channels fully driven into 8 

ohms, across the entire audio band of 
20 Hz to 20,000 Hz, with total har- 
monic distortion always below 0.25%. 
While it can deliver a full 300 watts for 
some 10 minutes without a fan (a far 
cry from a "music" or "peak" rating), 
the even higher heat output at 1/3 
power required for preconditioned 
necessitates a sharp reduction in rated 
4 ohm power, since thermal cycling is 

not permitted. To keep the transistor 
case temperature below 85°C for an 
hour's operation at 1/3 power, the 
amplifier would have to be rated at 
less than 30 watts into 4 ohms, but 
Dynaco believes that the customer 
must be warned that this amplifier can 
deliver 300 continuous watts into his 
speaker. 

In effect, the law requires that mis- 
leading information be supplied, un- 
less a 4 ohm rating is not given. If it is 
not given, it implies that the amplifier 
is not designed for operation into 4 
ohm loads. Further, monophonic 
bridge operation would yield a rating 
of less than 60 watts into 8 ohms by 
the Rule (far less than in stereo opera- 
tion) when in fact the amplifier can 
deliver-even without a fan-more 
than 10 times that for long periods of 
time, with potentially destructive 
capability which the unknowledge- 
able consumer should be informed 
of. 

A conventional "whisper" fan 
mounting gains only incrementally in 
this power rating, but because we are 
talking about relatively small thermal 
reductions to get inside the thermal 
cutout limits (they are mounted on 
the transistor cases), simply changing 
to a noisier, high speed fan blowing 
down into the same heat sink enables 
a fully comparable 300 watt rating 
under the Rule, with the same ther- 
mal protection. 

There are other ways to this end, of 
course. One way is to add output de- 
vices to increase the thermal inter - 
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Turn yourself into 
a remarkable speaker demonstration. 

To begin, just find a piece of heavy cardboard 
or corrugated carton about 14" x 20" and cut an 
opening in the center like the one above. Now 
you're ready! Grab a friend, your wife, your 
mother-in-law-anyone who can bear to hear you 
ramble on for the next 30 seconds. Hold the con- 
traption you just made to your face so that your 
lips are against the opening and start talking. 
Now, take it away quickly as you continue to talk. 
Then hand it over and let the other person talk, 
with and without the cardboard. 

If all went well, you probably noticed a color- 
ation in voice quality whenever the cardboard 
was held up. 

In essence, what you just did was to simulate 
the way every enclosure type of system is affected 
by the baffle board its speakers are mounted on. 
You became the speaker and the cardboard be- 
came the baffle. 

As you spoke without the cardboard, the 
sound waves reached the listener normally. But 
when you spoke holding up the cardboard, some 
of the sound waves from your voice traveled 
along the surface of the cardboard until they 

reached the edges, the way they do on a conven- 
tional speaker. The sharp discontinuity caused 
an effect called "diffraction," which allows these 
waves to be heard too, but later than the original 
sound. This is what produces the unnatural color- 
ation you heard. 

But the Dahlquist DQ-10 overcomes this prob- 
lem through an ingenious free -air mounting con- 
figuration which has no large baffle surfaces to 
color the sound. At the same time we are able to 
reduce time -delay distortion, since all drivers are 
mounted in the correct acoustical plane. 

The end result is sound that is so natural and 
open in quality that you will realize just how 
much coloration enclosure type speakers pro- 
duce. Even if you don't want to go to the trouble of 

doing our little home demon- 
stration, any Dahlquist Dealer 
will be happy to do it for you, 
using a DQ-10 instead. 

EPA HLQUST' 
The boxless speaker 
27 Hanse Ave., Freeport, N.Y. 11520 

Check No. 13 on Reader Service Card 



The PreAmp is Coming! 

PreAmp is Coming! 

THE GREAT AMERICAN SOUND COMPANY, INC. 

8780 Shoreham Drive, W. Hollywood, CA 90069 - (213) 659-2486 

Check No. 15 on Reader Service Card 

We're too British to boast. 
So here's what the experts 

say about us. 
Rather than appear immodest, we'll let the 
experts who write for the audio publications 
tell you about an automatic turntable we're 
quite proud of -our 3100X Transcription 
Series model. 

High Fidelity magazine says: 
"The new cam system in the 810QX is 

credited with providing smoother and 
quieter operation than in past models. Aver- 
age flutter was very low at 0.05%; total 
audible rumble by the CBS-ARLL method 
was -52db. The arm has negligible friction 
laterally and vertical:, and requires a 0.3 
gram stylus force for automatic trip. Taking 
it all together -performance, features, styling 
-the BSR 8100X moves into ranking place 
among the best automatics we know of." 

Stereo Review magazine says: 
"The BSR 810QX has an unusually com- 

plete array of operating controls and adjust- 
ments, yet is simple to use. The wow and 
flutter were very low-respectively 0.03 and 
0.045% at 331/3 rpm and 0.05 and 0.04°!o 
at 45 rpm. The BSR 810QX, undeniably a 
well -constructed and attractively styled rec- 
ord player, was also a very easy one to 
operate. The controls had a smooth, posi- 
tive feel and action." 

This is a modest way to tell you how 
good our 810QX Transcription Series to n - 
table really is. We would be pleased to send 
you detailed specifications. Just 
drop us a note. 
BSR (USA) Ltd.,Blauvelt,N.Y10913 

B R 

McDONALD 
BS (USA) LW 

Blauvelt. N 10913 

face area. This would enable backing 
off on V -I limiting too, as Mr. 
Wachner prefers, but at an unjusti- 
fiable cost penalty for the vast major- 
ity of users. Or, we could save money 
by eliminating the protection of ther- 
mal sensors entirely. Once the sen- 
sors are moved farther from the out- 
put device, and especially when their 
trip temperature is raised, their real 
effectiveness is largely nullified. None 
of these 3 courses benefits the con- 
sumer, or affects the reproduction 
quality, and two add considerable 
cost. Product safety even becomes a 

factor in some other designs for the 
Rule's test pushes the heat sink 
temperature above 100°C in some 
units. If the heat sink gets that hot, 
think what the chip temperature is, 
and how far beyond its safe operat- 
ing area! 

As to consumer confusion, let's 
take the case of two versions of a cur- 
rent amplifier which sports an im- 
pressive heat sink, but which for all its 
output devices, has limitations in ther- 
mal transfer to the sink. One version 
has been previously rated for con- 
sumer use as upwards of 200 watts per 
channel into 8 ohms. Another com- 
mercial version (hence not liable un- 
der the Rule) is typically rated on its 
much higher 4 ohm output (though 
the impedance is not always identi- 
fied), and it is regularly advertised in 
the popular music magazines. If the 
maker chooses not to rate the con- 
sumer version's 4 ohm power output 
under the Rule, what is to prevent a 

dealer from making the sale by point- 
ing out the obvious similarity to the 
commercial version, and claiming the 
higher (4 ohm) output? 

Is it a molehill, or a mountain? One 
manufacturer has said he had under- 
stood that so long as at least one 
power rating could be affirmed under 
the Rule (as at 16 ohms, where the 
heat output is less) others on the same 
amplifier would not be questioned, so 
long as they were "reasonable" in 
terms of past rating practices! Thus 
those who believe in strict interpreta- 
tion would be severely penalized for 
their honesty. 

Another manufacturer has in- 
dicated they are "sure the FTC are 
reasonable people, and won't inter- 
pret the Rule too stringently, because 
otherwise, massive redesign would be 
necessary." It is unreasonable to ex- 
pect the FTC to second-guess their 
Rule, and interpret it in a light favor- 
able to part of the industry. Literal 
interpretation must be assumed, and 
if we do not effect change now, we 
must suffer the consequences, and 
the consumer will be footing the bill, 
with no apparent benefit. 

(Continued on page 77) 
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Is it live or 
is it Memorex? 
Who knows? 

w 

In our most recent test, we 
asked Ella Fitzgerald's old 
friend and longtime jazz 
arranger, Nelson Riddle, if he 
was listening to Ella live, or 
Ella as recorded on a 
Memorex cassette. 

He couldn't tell. 
We believe that's a strong 

endorsement of our exclusive 
MRX2 Oxide formulation. 

n fact, since we introduced 
MRX2 Oxide, a lot of other ferric 
tapes have been scrambling 
to find something to beat it. 

Nobody has. 

MEMOREX Recording Tape. 

© 1974, Memorex Corporation, Santa Clara, California 95052 

Check No. 19 on Reader Service Card 

Is it live, or is it Memorex? 



Behind The Scenes 

''VE BEEN in the audio field a long 
time and I've also been a member 
of the audio press for a long time. 

As you might expect, like most of my 
colleagues, I have developed a pretty 
thick skin and a highly developed atti- 
tude of skepticism. God knows how 
many wild claims have been bounced 
off my head. If I had a nickel for every 
time I was shown the "ultimate" loud- 
speaker/phono cartridge/amplifier, 
etc., I could retire! Of course, out of 
all the welter of high-flown claims and 
representations have come the hi-fi 
products of genuine merit which have 
been the bulwark of our industry. 
And as our technological base has 
broadened over the past few years, 
some very bright, young engineers 
have come up with clever new prod- 
ucts, formed companies, and be- 
come part of the mainstream of audio. 
Well and good. Nevertheless, as many 
of the "old boys" will admit, we find it 
wise to keep that "grain of salt" han- 
dy, just in case some of the hip, new 
PR types try to give us the "con." 

You know, things go in cycles in the 
hi-fi business. For example, after years 
of relative quiet, electronic cross- 
overs are becoming popular again, 
which means another round of bi - 
and tri- speaker amplification. The use 
of "raw" speakers, full range, woof- 
ers, mid -range, and tweeters, in "do- 
it-yourself" enclosures, is on the rise 
(as witness a new booklet on the sub- 
ject by Altec). After years of concen- 
tration on receivers, there is a new 
trend to separate power amplifiers 
and pre -amplifiers. 

And therein lies my tale... I had 
heard rumors about a certain pre- 
amplifier with highly unusual signal - 
processing facilities, and such were 
the claims that I frankly said "Hoo 
boy! I've been this way before," and 
made sure I took a full dose of my 
Skeptic® pills. Well, the rumors per- 
sisted, and I began to get some input 
on this unit from people whose opin- 
ion I had to respect. No one is more 
curious than an old audio hound, so I 

finally arranged to get one of these 
new-fangled pre -amps to see what all 
the fussin' was about. 

I've had this unit for some months 
now, and I have tried every deviltry I 

know to fool it. I cheat it, lie to it, 

Bert Whyte 
sneak up on it, confuse it ... every- 
thing but adjust it with a ball -peen 
hammer. Damn thing just keeps on 
working, doing what it's supposed to 
do. "Okay," you say, "a good pre- 
amplifier should do its signal -routing 
and amplifying of program material 
without adding significant noise or 
distortion, or adding coloration to the 
sound. In fact, the unit should be 
completely neutral and have no 
sound of its own. So what is so special 
about this pre -amp?" Well, this Phase 
Linear 4000 pre -amplifier has noise - 
reduction and dynamic -range expan- 
sion circuits that are extremely soph- 
isticated and, in fact, are partially a 

"spin-off" from the space program. 
The combination of these circuits, 
plus several other processing aids, fin- 
ally enables us to cope with some of 
the restrictions of dynamic range and 
signal-to-noise ratio of phonograph 
discs and, to a certain extent, several 
formats of magnetic tape recording. 

To anticipate a question, the Phase 
Linear noise -reduction system is not 
in the same category as Dolby noise 
reduction. As is by now well-known, 
the Dolby is a two -pass or closed sys- 
tem which, through special multi - 
band low-level encoding and decod- 
ing, prevents additional noise from 
being added to the tape during re- 
cording. In contrast, Phase Linear's 
noise reduction system is of the 
single -pass or open-ended type, in 
which no encoding of tapes, discs, or 
FM is necessary for its operation. In 
other words, this is an "after the fact" 
noise -reduction device and it affords 
about 10-12 dB hiss reduction from 
any program source in which hiss 
exists. Most importantly, this noise re- 
duction is accomplished without any 
degradation of the signal, such as loss 
of high frequencies. This seeming im- 
possibility will make sense shortly. 

The full title of this pre -amp is the 
Phase Linear 4000 Autocorrela- 
tor/Pre-Amplifier. The autocorrela- 
tor is the noise -reduction circuit and, 
as noted previously, is a "spin-off" 
from the space program. When our 
Mariner spacecraft transmits photos 
back from Mars, for example, the ini- 
tially received resolution is quite 
poor. Highly advanced autocorrela- 
tion techniques gradually remove a 

large percentage of the detail -ob- 
scuring noise "glitches," and the re- 
sults are the excellent photos you see 
in your newspapers. 

How does the autocorrelator work? 
First, a few preliminary ideas. Noise 
energy (in our case, mainly hiss) is 
considered random in nature, non - 
coherent or uncorrelated. Unfortun- 
ately for us, noise energy exists con- 
tinuously and uniformly within the 
audio passband. In contrast, music (or 
any information carrying signal) has 
an energy spectrum which is neither 
continuous nor random. 

Now here are some words from 
Bob Carver, President of Phase Linear 
and inventor of this autocorrelator 
noise -reduction system: 

"Music energy appears in discrete 
energy 'bundles' throughout the 
audio band and is therefore not con- 
tinuous. In addition, if some musical 
energy appears, for example, at a par- 
ticular frequency, we know for cer- 
tain that even and odd harmonics will 
exist simultaneously throughout the 
passband, and that energy will not 
exist between these harmonics. In 
other words, with music we are able 
to 'predict' where energy is likely to 
occur, if we know where the funda- 
mental is, or even if we know where 
only one of the harmonics is. Also, 
and importantly, we know where the 
energy will not appear. In other 
words, music is coherent or correla- 
ted." 

Since pure hiss is totally uncorrela- 
ted, it is assigned a correlation co -effi- 
cient, which is zero. Highly correla- 
ted signals, such as a sine wave or a 

linear sum of sine waves, have a cor- 
relation co -efficient of one. As noted, 
music is a correlated signal, but the 
correlation value of music varies con- 
tinuously from moment to moment. 

The Autocorrelator may be consi- 
dered a real-time Fourier analyzer 
with correlation co -efficient estima- 
tor. It is a very complex circuit, and 
the following is a simplified explana- 
tion of how it works: A series of elec- 
tronic gates or "windows," each win- 
dow controlling a certain frequency 
range and just "overlapping" its 
neighbor, is placed in the audio pass - 
band. These windows can be either 
closed or open. If it is closed, energy, 
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Some things hold up better 
than others. 

The accepted concept of durability is based 
on several very important factors. Material. 
Design.. Engineering. Function. And 
inherent value. Coincidentally, these are 
also the hallmarks of the Thorens 
TD -125 AB Mark II. 

The materials are the finest available. 
The design and engineering incorporate 

the ultimate in turntable technology. 
Functioning flawlessly, it originates 

state-of-the-art that others have yet to 
achieve. To match the impeccable 

performance, this Thorens is 

constructed to hold up ... not wear 
down. It has inbred longevity 
instead of built-in obsolescence. 

The precision performance 
of the TD -12 5 AB Mark II serves 

as continuing proof of the Thorens 
determination to remain the classic name 

in turntables. There are other models, too, 
starting at $ 199.95. 

Elpa Marketing Industries, Inc. 
East: New Hyde Park, N.Y. 11040; 
West: 7301 E. Evans Rd., Scottsdale, Ariz. 
85260; Canada: Tri -Tel Assocs. 

THORF3® 



be it correlated (music) or uncorrela- 
ted (noise), cannot be transmitted at 
that point in the frequency spectrum 
assigned to the particular window. If 
the window is open, energy may be 
transmitted at that frequency. An 
operational description from Phase 
Linear says that each window is con- 
trolled by two sets of control circuits 
coupled together by diode logic 
"OR" gates. The primary circuit is 

located in the control band, between 
200 Hz and 2 kHz. The secondary cir- 
cuits are located throughout the har- 
monic band from 2 kHz to 20 kHz. The 
presence of energy in the control 
band, if above a level of -65 dB, will 
cause each window associated with 
the appropriate harmonic to open. If 
energy appears in the harmonic band 
at a particular frequency, each win- 
dow associated with each upper har- 
monic of that frequency will be 
opened. All lower windows will re- 
mained closed. Notice that as the fre- 
quency increases, fewer and fewer 
windows are required to be opened. 
Notice also that for the autocorrela- 
tor to recover a harmonic "buried" 

gates are opened, the incoming sig- 
nal passed through the gates is al- 
most always of such amplitude, fre- 
quency, and correlation that the well- 
known "masking" phenomenon oc- 
curs, and the noise is subjectively 
"covered." 

Along with the autocorrelator cir- 
cuit, but not actually part of it, is a sig- 
nal -controlled, low -frequency dy- 
namic filter which is designed to re- 
duce rumble, hum, and other extran- 
eous low -frequency "garbage." Low - 
frequency noise reduction begins at 

200 Hz, ultimately reaching -20 dB at 
20 Hz. This low -frequency filter is ac- 
tivated when the correlator switch is 

put into its On position. There is also a 

screwdriver adjustment for calibrat- 
ing the circuit to a particular phono 
cartridge. In spite of its relation to a 

phono cartridge, this circuit works 
with tape as well. 

There is a correlator threshold -ad- 
justment control on the lower right of 
the front panel. It is very simple to 
use. The correlator switch is placed in 
the In position, and the correlator 
control is rotated to the extreme 

"I've resurrected ancient mono 
LP discs, run them through the 
4000....You wouldn't believe 
how alive and open the sound was." 

beneath the noise, it is necessary that 
the harmonic have associated with it a 

lower frequency fundamental whose 
energy level is above the noise. For- 
tunately, this condition is common in 
musical energy. 

In similar fashion to most noise re- 
duction systems, the autocorrelator 
commences with a reduction of 3 dB 
at 2 kHz, and reaches 10 to 12 dB from 
4 kHz to 20 kHz. As noted, the device 
has a circuit which estimates the de- 
gree of correlation of incoming sig- 
nals and generates a control signal. 
This correlation function signal is 

combined with another signal which 
indicates the harmonic content of any 
incoming music energy. This controls 
a threshold level designed to detect 
musical information within each of 
the bandpass frequencies. It must be 
appreciated that in the music output 
of a phono disc or tape, the noise (hiss 
or uncorrelated sound) is always pres- 
ent "outside" the gates, and is always 
ready to "rush in" along with the 
music when a gate is opened. By auto- 
matic adjustment of the various thres- 
hold levels at which the bandpass 

clockwise position. In this position 
there is no attenuation of hiss. Turn- 
ing the control slowly counterclock- 
wise, you will perceive a dramatic re- 
duction of the hiss. If you continue to 
rotate the control toward its full coun- 
terclockwise position, there will be a 

sudden loss of high frequencies. It is 

not all that critical and works in the 
broad area of roughly 10 to 2 o'clock. 
Once set, you can flip the correlator 
switch to the Out position, and 10-12 
dB of hiss will come rushing into your 
ears. 

The other processing circuit on the 
Phase Linear 4000 pre -amp is the 
"peak unlimit/downward expander" 
dynamic -range -enhancement sys- 
tem. Of equal sophistication and very 
nearly as complex a circuit as the 
autocorrelator, this system is de- 
signed to restore the dynamic range 
lost in the use of compressors, peak 
limiters, and similar devices in the 
disc -cutting process, as well as the 
manual "gain -riding" so often used to 
raise soft passages above the noise. 
This is a four -band expander system, 
controlled by changes in high- and 

low-level signals. The high-level peak- 
unlimit band has a gain variation of 
+1.5 dB; there is 0 dB gain in what is 

termed the "don't care" band (the 
music is neither too loud nor too soft, 
so nothing happens); at -30 dB is the 
linear -expand band with a gain varia- 
tion of ±1.5 dB, and the downward - 
expand band has a gain variation of -3 
dB. Since the linear -expand and the 
downward -expand bands are in es- 
sence "hurrying up" the rate of de- 
cay with decreasing amplitude of sig- 
nal, there is ambience truncation. To 
offset this, ambience is obtained by 
internally generated L -R and R -L sig- 
nals, which are specially processed by 
frequency weighting and phase shift- 
ing, and then injected into the out- 
put during the linear and downward 
expand operations. With carefully 
controlled attack and decay rates and 
with such small values of individual 
expansion in each of the bands, the 
overall operation of the system is un- 
detectable. Yet the increments of ex- 
pansion available from the four bands 
add up to 7.5 dB, and this combined 
with the 10 dB from the auto -correla - 
tor noise reduction give us 17.5 dB, 
which is a very considerable increase 
in the overall effective S/N ratio and 
dynamic range. 

On the lower left of the front panel 
is a peak-unlimit threshold control 
and to its right, a red LED. In use, the 
control is rotated clockwise until the 
LED just flashes on the highest pro- 
gram peaks. This is important, for if 
the control is advanced too far and 
the LED is continuously on, distortion 
will be generated. The peak-unlimit 
lever switch activates the circuit. 

Now on to the use of the special 
circuits. The autocorrelator is just 
plain amazing in what it can do for 
signal-to-noise ratio with any record- 
ed medium. Most noise reduction cir- 
cuits usually perform best on mater- 
ial that is fairly quiet, and this is true of 
the Phase Linear, but the degree of 
improvement is far greater, and in 
most cases noise becomes virtually in- 
audible. With noisier, older material, 
there is residual hiss, but the overall 
improvement is even more dramatic 
than with the quieter material. I've 
taken tapes that were 25 years old ... 
and loaded with hiss ... and put them 
through the autocorrelator and the 
drop in hiss and the gain in clarity 
were astonishing. I've resurrected an- 
cient mono LP discs, that sounded like 
a steam calliope in heat, ran them 
through the autocorrelator and the 
peak unlimiter. You just wouldn't be- 
lieve how alive and open the sound 
was, with a large proportion of the 
hiss gone, and the heavy hand of the 
compressor removed from the dy- 
namics. Early pre-recorded tapes, 
primitive stereo discs, all benefitted 
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Nadel PE2217 

PERFECT PRE -AMP 

PHASE LINEAR SAE CROWN DYNACO AUDIO RESEARCH CITATION " 
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Audio engineers agree that the ultimate Preamp must have all the CONTROL flexibility of a 
patch panel... our new PE2217 has pushbutton -patching, plus 22 more MUST features... 

SPECIAL FEATURES 
ALL' IF ̀ V` Y E ` . o Drevear ma.rértèòf program ,estíuctiòn AI "RETE)CTAVE EQUALIZATION COttROL of "ter 

cctaves on each channel, ±12db etch octave FULL -SPECTRUM LEVEL CONTROL for each channel AUTOMATIC CONTINJOUS MON- 
ITORING by ligtt-emitting diodes for visual waning of overload n output circuits VISUAL ZERO -GAIN EQUALIZATION BALANCIYG or 
music, white nose or pink noise SELECTION OF TEST LITES en or off. TAPE DUBBING BETWEEN TWO MACHINES with ortiona 
simultaneous eq.aalizing and monitoring DOLLLE-DUBBING into two recorders simultaneotsy SEPARATE SYSTEM-StELECTICN en 
ables full use of all other functions during the tape dubbing operation LINE OR TAPE equal zotion selector AUTOMATIC EQUALIZER - 
DEFEAT when lice or tape equalizer is not in uee FRONT PANEL TAPE input-output jacks be easy 2nd and 3rd tape recorder lookup 
access TAPE MONITORING of either tape at ae time TWO stereo headphone jacks MONO ELECTOR for left, -fight or both channels 
to both outputs REVERSE-STERE.] mode TWO low-level phone inputs FOUR indepencert phono preamps SIX A/C outlets, 4 
switched, 2 unsrit ERIIIOUS CHASSI t sections) - provide: optimum shielding to minimise magnetic 
field -coupling ' connector mi nd-loops TWO RELU .ATED power supplies 

EQUALIZERS 
NOW YOU CAN MAKE YDUR SYSTEM SOUND EXACTLY THE WAY YOU WANT IT TO SOUND! 

In a few mi-utes, you can acctrately "tune ' the frequency response of your stereo system and room environnent to a f at -':2 
db! All you ieed are your own ears and the Soundcraftsmen Equalizer (with its step-by-step instruction record) to transf.rm arty 
stereo syster, and room enviror ment into a acoustically -perfect concert hall! Or, to pro.ride any special aces stical effects ycu 
desire! The ioundcraftsmen Equalizer enables you to instant y compensate for frequency res:onse variations, in system ant roots. 
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GUARANTEED to enhance and improve 
any fine system! ------" 
Just plug 2 ,ables into your recaiver's tape monitor jacks, and 

you are read} to enjoy a new experience in nusical enjoyment! 

2212 II uetrated above .. $349.50 

20-12 
Sane specs RP2212, $299.50 
exceGt no L.E.D.'s, s, no h 
Tale Equalize on front 

Both models include walnut -grained catinet or radi moi.nts. 

SPECIFICATIONS 
FREQ. RESPONSE- Hi -level: ±r/4 db, 5 Hz to 100 KHz 

FREQ. RESPONSE - Phono: -±1/2 db, 20 Hz to 20 KHz 

THD: less than .05% at 1 volt (Typ..01% at 1 volt) 

IM: less than .05% a' 1 volt (Typ. .01% at 1 volt) 

SIGNAL-TO-NOISE - Hi -level: 100 db below full output 

SIGNAL-TO-NOISE - Phono: 84 db below a 10mv input 

SIGNAL-TO-NOISE - Equalizer: 90 db below a 1 volt input 

OUTPUT IMPEDANCE: 600 ohms 

MAXIMUM OUTPUT: 5 volts into hi impecance, 
2.5 volts into 600 ohms 

EQUALIZER LEVEL: Zero -gain controls for left and right 
continuously variable, for unity gain compensation 
EQUALIZER RANGE: 12 db boost and 12 db cut, each octave 
at 30, 60, 120, 240, 480, 960, 1920, 3940, 7680 and 
15,360 Hz. 

MAX. OUTPUT SIGNAL Variable master volume control 
allows adjustment of optimum output to match amplifier 
CIRCUIT BOARDS: Military grade G-10 glass epoxy 

RESISTORS: Loy, -noisy selected carbon -film 
POWER SUPPLY: Separate supply for photo and equalizer 
DIMENSIONS: Kalnut-grained case 7r/4"x 20" x 111/4" deep 

WARRANTY: 2 years parts and labor 
SHIPPING WEIGHT: 28 lbs. 

MADE IN U.S.A. 

PE 2217 $499.50 
includes walnut grained cabinet or rack mounts. 

FREE! Hi;)zxz. 
THE "WHY'S AND HOW'S OF EQUALIZATION," an 
easy to understand explanation of the relationship 
of acoustics to your environment. This 8 page 
booklet also contains many unique ideas on "How 
the Soundcraftsmen Equalizer can measurably 
enhance your listening pleasures." "How typical 
room problems are eliminated by Equalization," 
and a "10 -point self -rated Equalization Evaluation 
Check -List." 
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from the combination of autocorre- 
lator and peak unlimiter. On the 
other end of the scale, brand-new 
discs, cassettes, and cartridges were 
run through both circuits and here 
again the results were dramatic. Hiss 
ceased to be a problem and one is a 

bit shaken to hear how much com- 
pression is being used today. This is 

true with symphonic material too, and 
if you want to flip, play a pianissimo 
section with the peak unlimi- 
ter/downward expander in oper- 
ation. You'll hear a lovely true pianis- 
simo. Now take the expander out of 
the circuit and you will immediately 
hear the passage jump up 3 or 4 dB in 

level. The same holds true for triple 
forte sections in symphonic music, 
when you run them through the ex- 
pander. Man, the music becomes 
really LOUD, just like 15 ips master 
tapes. In fact, potential users of the 
pre -amp would do well to check 
fusing on their speakers, particularly if 
they are using high output amplifiers. 
Another thing the expander reveals is 

that commercial recorded tapes have 
been compressed, especially so in the 
case of 8 -track cartridges. The auto- 
correlator is a nice augment to the 
Dolby NR system. You may be aware 
that although cassettes and open reel 
tapes may have been Dolby pro - 

Which speaker looks like 
it sounds the best. 

EPI 110 I i:1R I if 1 ZODIAC '75 AD VENT LA.RG ER 

Most audio experts agree: the bigger the box. the 
bigger the sound. A bigger cabinet means better bass 
response. 

So when we designed the Hartley Zodiac '75 to 
compete with other popular bookshelf speakers. we made 
it bigger. By using only a few more inches of your shelf 
or floor, we give you Twenty-five to Sixty percent more 
cabinet than our competition. And more cabinet means 
bigger sound. 

Our cabinet is only part of a two-way speaker system 
that gives clear. sharp response from 30 to 25.000 cycles. 
We build our Zodiac speakers in asymmetrically matched 
pairs for better sound dispersion. We use only top 
grade walnut veneers and a un lue acoustic foam grille. 
And we back them with a Five-year warranty. Five -years. 
not Two or Three. 

We do all of this for about the same price as our 
competition. You see. we believe when you spend your 
hard earned dollars for speakers. you deserve the 
biggest sound your money can buy. 

Hartley Products Corporation 
56 North Summit Street. Tenafly. New Jersey 07670 

(201) 871-3442 
Hartley Canada Ltd., St. Hyacinthe, Quebec Coral Audio Corp., 
Tokyo -Osaka, Japan Royal Asia Ltd., Taipei, Taiwan Interdyn, 
Melbourne, Australia. 

cessed, it is possible they were not 
made from Dolby masters. Hence, 
there is a residual hiss on the tape, 
which is ever so easily removed by the 
autocorrelator. Speaking for a mo- 
ment of the low -frequency dynamic 
filter, there is one company (who shall 
remain nameless) who is notorious for 
the amount of low -frequency gar- 
bage on their discs. The circuit cleans 
this up beautifully, without disturb- 
ing any of the low -frequency musical 
content. 

Now, all this wonderful action of 
the autocorrelator and the peak un - 
limiter circuits would be totally use- 
less if we could hear the systems 
"working." By this I mean the unfor- 
tunate swishes, pumping, and breath- 
ing sounds that plagued many of the 
less sophisticated approaches to sin- 
gle -pass noise reduction systems in 
the past. Nor would the autocorrela- 
tor be very desirable if it in any way 
attenuated high frequencies. As rela- 
ted earlier, I tried screwing up the sys- 
tem every which way. I fed the cir- 
cuits with high- and low -frequency, 
high- and low -intensity sine waves, 
fed it noise pulses, played heavy, sus- 
tained organ pedals, sustained piano 
chords, high levels of tinkly harpsi- 
chords, and wildly assorted high and 
low percussion. You name it, I tried it. 
Nothing happened. Theoretically, the 
system is capable of being fooled by 
some sounds, among them wire 
brushes, which while "musical," 
could be treated as uncorrelated 
sound by the processor. In any case, I 

just didn't encounter any problems. 
I've had some of the most prominent 
"golden ears" in the audio business 
over to the house for intensive listen- 
ing sessions, with special attention 
being paid to the possibility of high 
frequency attenuation, and we could 
not detect any such abberation. 

Many uses of these autocorrelator 
circuits come to mind, including some 
ideas in the professional area. For ex- 
ample, many record companies, es- 
pecially in England, have extensive 
reissue programs, and here would be 
the ideal way to reduce the noise 
from older tapes and tape copies of 
old discs before the music signals are 
fed to the cutting amplifier. 

In summation, let me say that once 
one has become accustomed to lis- 
tening to music through the autocor- 
relator, and when appropriate the 
peak unlimiter (you wouldn't use it 
with master tapes!), it is difficult to do 
without their aid. It would be logical 
to assume that some time in the 
future, the autocorrelator and peak 
unlimiter/downward expander would 
become available in a separate add- 
on or "outboard" configuration. In 
the meanwhile, congratulations to 
Phase Linear for a technical tour de 
force and a job well done. 4e 
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FACTORY SERVICE? Definitely. 
Here is the saga of my own re- 
cent bunglings with respect to 

factory repairs on my own tape 
recorder and I trust you will find it in- 
structive. I am all for factory repair 
service. Now that I have learned. 

Readers may recall my story of a 

certain exquisitely built Japanese cap- 
stan motor which, when it failed at the 
slow speed, I took to a local motor re- 
pair service in New York (the easy way 
out, of course ...). They looked once 
at the exquisite Japanese craftsman- 
ship and just laffed and laffed. "Fix 
that? It would cost you a fortune." 
Well, apparently the Japanese agree, 
for I now have a new motor and my 
machine is operative. But this is the 
third motor, not the second. The first 
was perfectly OK but it burned itself 
out after approximately 45 seconds of 
hard use. It had no choice. The 
wiring -in was wrong. One slow -speed 
lead somehow got soldered to a dead- 
end terminal going nowhere. Hmmm. 
Wonder what happened to the first 
motor, when it failed? It took longer, 
but it went out with exactly the same 
symptoms, the fast speed remaining 
OK.... Whose fault? To this day, as 
you can see, I am not sure. But in the 
end, surely, it was my fault. My 
responsibility. Again, I tried the easy 
way. 

There are plenty of excellent rea- 
sons, both positive and negative, for 
taking many an "easy" way. Don't 
think otherwise. It will be the same 
story for you, one of these days, 
whether for a motor or a tuner-or 
maybe something entirely different, 
like a Volkswagen. Same principle. 
Who wants to fuss with faceless, ef- 
ficient (and expensive?) factory 
authorized service? For unless you are 
very lucky, that service will be both 
distant and dismally inaccessible. Let's 
say, the nearest service center is 1051 
miles away. Or 2553 miles, and acces- 
sible only via a shipping job, com- 

Edward Tatnall Canby 

plete with all the original packaging. 
Ever try putting one of those things 
together again, once opened? 

No, they do not grow factory ser- 
vices on local trees. Whereas, right 
down your street, lives that engineer 
and tinkerer buddy of your who is a 
near -genius at fixing things, and he'll 
be right over in moments. What a 
temptation! No packing up, no 
moving, and it'll cost less. 

Better, of course, if you are your 
own tinkerer and knowledgeable 
enough to get inside your equipment 
without outside aid. Then, the temp- 
tation to do it yourself is overwhelm- 
ing. 

Now do not misunderstand the 
implications. Nine times out of ten, 
the inspired home or near -home re- 
pair department does the right thing, 
quickly and easily. After all, that burn- 
ing desire to fix for yourself is one of 
the healthiest things left in our pre- 
sent America, so prone to the pre- 
packaged and the perfected auto- 
matic. The home mechanic is still a 

factor, and so is the more specifically 
expert local professional, the last 
manifestation of the one-man enter- 
prise. It is in truth a pleasure to solve a 
problem in home equipment, even if 
it is no more than discovering that a 
"dead" amplifier is dead merely 
because a speaker lead has come 
loose. 

So who wants Factory Service, un- 
less to get something out of a 

guarantee. This is normal thinking for 
most of us. Right, too. Nine times out 
of ten. 

Ah, that tenth time. Reminds me of 
my local country garage man, a 

quarter mile down the road from my 
place in Connecticut. Old -type 
Yankee, and a total independent. For 
years Percy kept assorted cranky 
foreign cars going for me, when there 
was no Factory Service, even when 
their carburetors dropped off and 

their bottoms dropped out. He could 
improvise, something, to keep me go- 
ing. Moreover, if I could get the car to 
him, he'd drive me home again and 
when the job was done he'd bring the 
car back, and I'd drive him home. 
Cosy and easy. Until I got my first 
Volkswagen. 

The VW is Different. Not very dif- 
ferent, just non-standard, as per 
Chevies and Fords and Dodges. Now 
the more proficient is your local 
genius at repair (cars or hi fi) the more 
is his pride involved. Do you think he 
is likely to admit defeat? One day, I 

brought my new VW in with a stuck 
front -hood latch. I'd jammed it down 
over some unwieldy object and it 
wouldn't open. That man got to work 
and worked a good two hours-still 
stuck. He swore and he spat and he 
got out bigger and bigger tools but 
still it stuck. Finally, CRRACK, and it 
flew open. HE was happy, but I wasn't. 
I ended up thirty miles away at the 
VW agency, where a new catch was 
put in after approximately five 
minutes. That was my first tenth time. 

The second time it was a lot more 
serious, and at last, it changed my 
mind for me. Much as I love friend 
Percy, I'm up and out at the crack of 
dawn, driving those 30 miles to the 
"local" VW agency. And there I sit, 
hour after hour, for lack of anybody 
to drive me home again until the job 
is done. I hate it! And it costs, too. 
Costs have more than quadrupled 
down at VW. But it pays, I find. 

The circumstances concerning my 
tape recorder motor were similar, 
only more so. A whopping big 
machine and heavy, and I have a 

mildly trick back that objects, say, to 
reaching for a door handle while try- 
ing to hold such a machine safely in 
the arms. I can move it but I do not 
relish the thought, and go out of my 
way to avoid same. Hence, when the 
motor conked, I got a good engineer 
friend of mine in to help-right in my 
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Spirit of '78 

Protect those precious 78 rpm's with the only modern cartridge/stylus 
assembly specially designed for 78's-the Shure V-15 Type Ill with a VN78E 
stylus. This combination gives all the advantages of the fabulous V-15 Type 
III (such as super trackability, ultra -flat response, and freedom from distor- 
tion). along with a special 78 rpm groove size elliptical stylus that tracks 
lighter, and produces better sound than you might have thought possible 
from a 78. For clarity when transferring to tape, or for pure listening pleasure, 
the VN78E is so effective it will probably pick up sounds you've never heard 
on the recording before! 

Shure Brothers Inc. 
222 Fartrey Ave., Evanston, IL 60204 
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home. He tinkered and dickered and, 
in the end, took out the motor for 
test, as we know. It came back. So 

what next? Definitely a bad motor. 
Natch, my friend generously 

offered to order a new one through a 

local outlet, and he would install it. 
What else? He took the old one out. 
He is a most meticulous and careful 
operator, unlike myself, who would 
have lost half the mounting screws 
and yanked the connections free by 
main force out of sheer exasperation. 
That's me. This man, Sam, was a hi fi 

gift from Heaven. 
So, after the usual interminable de- 

lay, the new motor arrived. Ah yes. 
And was installed. Ah yes. We turned 
it on and noted a peculiar noise-at 
low speed only, of course-a sort of 
too -loud grinding. It ran. It seemed 
entirely OK at the faster speed, 15 ips. 
Just as had the original motor. Now, 
you see, we were really in trouble. For 
it looked as though the same thing 
were happening all over again. Why? 
What? How? Was the capstan at fault, 
the mechanical drive? How could it 
be, when all was OK at the faster 
speed? Then the worst happened. I 

tipped the machine back on its rear, 
flat down, which is the way I often use 
it for editing. Why not? It's supposed 
to work that way. Instantly, the slow - 
speed grinding increased to a harsh- 
ness, and the motor quite literally 
ground to a halt. Crazy. Stand the 
machine upright and it turned, 
though still with an uneasy noise, 
definitely not correct. 

Now my friend Sam repairs all sorts 
of tape recorders as part of his over-all 
work in recording and electronics 
and, as I say, he has the meticulous 
approach which is absolutely neces- 
sary if you are to trouble -shoot equip- 
ment and, especially, to take it apart 
and put it back together. He makes a 

neat pile of the removed bolts and 
screws, in a dish; he's likely to write 
down a diagram of connections, color 
codes, sequences of disassembly, so 
that nothing untoward can go wrong. 
(Whereas, sure as sugar, if I tried to 
put screws and things in a plate, I 

would absent-mindly kick it, dis- 
tributing the contents all over the 
room. I always do.) I cannot imagine 
Sam making a drastic MISTAKE in re- 
assembly, a misconnection of major 
and disastrous proportions! It just 
ain't in his nature-if it is in mine. My- 
self, I kept a good three feet away 
from that machine at ALL times, and 
did not dare even put my big thumbs 
on the regular controls, for fear of do- 
ing something stupid. Of a certaintly, 1 

did not make a wrong connection! 
But was it Sam? 

Do you think I know? Do you think 
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c<l l I Ni()) 322-4400. Find out 
youit lf: you have nothing 
to lose but your lack of time. 
The 

From Teac 

T EAC. 
The leader. Alwav s has been. 
Telegraph Road, Montebello. 1 klifornia 90640. 
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he knows? 
Frankly, when he gave up I was so 

discouraged that I put the cursed 
machine in my closet and dropped a 

big, soggy bathrobe over it to cover 
the hideous sight. I didn't want to 
look at the thing ever again. I would 
wait until I could get another re- 
corder. Maybe the next one would 
work. Grrrrr. 

Well, sanity usually prevails in my 
case. Later on, sheepishly, I looked 
down upon that bathrobe in my closet 
and decided to put in a long distance 
call. Not a very long distance-just 

across into the next state, in fact not 
really very far at all. About the usual 
half hour by car. I blushed over that 
phone. Er, you see, I have a little 
problem with one of your machines. 
Some problem! I had done the un- 
forgivable; I had tried to have the 
thing fixed by myself, and had failed. 
It was not a matter of guarantee, for 
the machine was beyond that. But no 
Factory Service is going to approve 
home -based repairs, or even profes- 
sional ones, that haven't worked. It's 
no longer their responsibility, though 
they will do what they can. All this, of 

The amp with everything. 
For those interested in power, 
performance, reliability and 
appearance, the Phase Linear 700B 
offers the 

highest power 
widest frequency response 
lowest distortion 
most attractive design 

of any stereo amplifier in the world. 

Why high power? "Anyone using 
a low -efficiency speaker with a 60 
to 100 watt (total power) amplifier 
cannot approach a realistic 
listening lever"..."the reproduction 
of a solo piano at a natural volume 
level, using high -quality 
acoustic -suspension speaker 
systems, can easily require 
amplifier peak power of several, 
hundred watts." 

Julian Hirsch said it, we've 
always said it, and most 

audiophiles now agree. True high 
fidelity can only be reproduced 
when a reserve of power is 
available to. re-create the more 
difficult notes played in live 
recording sessions. The Phase 
Linear 700B can do the job for 
about $1.16 per watt. 

Power -345 watts per channel minimum 
RMS at 8 ohms from 20 Hz to 20 kHz 
with no more than .25 harmonic 
distortion. Hum and noise-Better than 
100 dB below 345 watts. 
Protection-Patented electronic energy 
limiters. Warranty -3 years, parts and 
labor, normal use. 

.1l ff. c 4J1Pai 

THE POWERFUL DIFFERENCE 

course, like the dentist who tells you 
that your teeth need regular brush- 
ing and adds, diffidently, that you 
have Bad Breath. I had it, all right, and 
my tail was dragging on the ground. 

And so the tide turned. Up came 
the bathrobe and out came the 
recorder and down into my double- 
parked VW with the help of some 
young muscles that happened along 
to save my aching back. It was easy, all 
in all. I was off to New Jersey. 

Actually, the factory people were 
both pleasant and cooperative. But 
firm. That was understandable. A 
week later I picked the machine up. 
The guy named Dave who had done 
the work was out-so I did not find 
out what he had discovered about the 
original motor. The second one defin- 
itely had an N.G. slow -speed wind- 
ing; the third was installed and run- 
ning. The entire machine had been 
checked over and test run for most of 
a day, the pinch roller replaced, just 
for good measure, and the bias re -set 
to my specification; just a bit lower 
than the bias required for the newer 
high -bias tapes. (So I could still get 
reasonable results on older tape.) All 
in all, a very expert and conscientious 
job. But best of all, the machine was 
operative. At both speeds! After so 
long. That's what Factory Service is all 
about. 

Now this has been written 
deliberately at a time when I still can- 
not explain exactly what happened. I 

doubt if I ever will be able to. It's 
enough, at this point, that I am back in 
business, even though I had to pay for 
my folly (as it turned out) approxi- 
mately three times the cost of a single, 
first -off trip to Factory Service. 

If the second motor, the first re- 
placement, was wrongly connected to 
a dead terminal in one of its leads (I 

think it was the yellow lead), how 
could it have happened? My friend 
Sam is of course one logical possibil- 
ity. But this flies against reason; he 
isn't that sort of a repair man. And he 
would have seen the dead-end ter- 
minal, even if he was unsure. More- 
over, if he made the mistake, and the 
motor failed at 71/2 ips but not at 15 

ips, which remained entirely 
OK-then why did the first motor fail 
in precisely the same fashion, if over a 

longer period? An interesting 
mystery. 

There is another alternative, which 
I put before the Factory Service peo- 
ple. You cynics may have thought of 
it. The mistake in wiring occured with 
the first motor and was the manufac- 
turer's mistake. Then, you see, Sam 
would simply have restored the same 
connections, unknowingly faulty, 

(Continued on page 81) 
PHASE LINEAR CORPORATION. P.O. BOX 1335. LYNNWOOD. WASHINGTON 98036 
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Introducing the NEW 
Stanton GyropoifE turntablE 

6 

Look at all thEsE quality fEaturEs, 
many of thEm ExclusivEly ours! 

1. Gyropoise"-frictionless magnetic suspension of 
the platter. 

2. Die cast aluminum T -Bar for sturdy structure. 
3. 2 -Speed changer for 33 rpm and 45 rpm playback. 
4. 24 -Pole synchronous high torque motor. 
5. Belt drive for noiseless operation. 
6. 12" die cast machined high polish aluminum 

platter. 
7. Unipoise"-single point tone arm suspension. 
8. Anti -skate control adaptable to all types of styli. 
9. Magnetic hold bar for tone arm convenience. 

10. Stylus force slide (range 0 - 4 grams). 
11. Stanton state-of-the-art stereo or discrete 

cartridge. 
12. Viscous damped cueing control for featherlight 

lowering of stylus. 
13. Handsome walnut veneer base (comes complete 

with dust cover). 
ADDITIONAL FEATURES: 

(a) Comes equipped with low capacitance cables 
(b) Wow and Flutter-< .07% din 45507 weighted 
(c) Rumble-< -60 dB din 45539 weighted 

It's the important exclusive features that make the difference. 
Only Stanton Turntables have GyropoiseR, the patented 
frictionless magnetic suspension bearing-thus the platter 
makes no vertical contact with the body of the structure. This 
isolation eliminates vertical rumble. 

Only Stanton Turntables have Unipoise', the patented sin- 
gle point tone arm suspension. The arm is supported by a 

single pivot for both lateral and vertical movement. 

Only Stanton Turntables come equipped with a state-of-the- 
art Stanton cartridge, either 
the 681 Triple -E calibrated 
to the tone arm for stereo 
playback, or the magnificent 
780/4D0 for discrete. 

See your fran- 
chised Stanton 
dealer for a 
demonstration 
of this great 
new product. Bottom view shows simplicity of design. SI'aNT011 

For further information, write: Stanton Magnetics, Inc., Terminal Drive, Plainview, N.Y. 11803 
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HOW TO MAK E 
RECORDS 

AT HOME 
WITH AN 

EDISON 
PHONOGRAPH 

Issued by the 

NATIONAI. PHONOGRAPH CO. 
Orange, New Jersey 

New York London Paris Berlin 
Brussels Sydney Mexico City Snows Aires 

Make a Record of Your Voice! 

"Repeat -a -Voice" 
METAL RECORDING DISCS 

Put a "REPEAT -A -VOICE" metal recording dine on your 
phonograph. Use an extra loud needle - - and a small 
megaphone. Then talk or sing into the the ham . - that/ 
aul 

Play the record and you'll hear your voice. 

PLAZA MUSIC CO. 
18 WEST 20TH ST. NEW YORK 

Edison Bell "EUREKA" 
6 

...PLIANT( 
MAKING YOUR OWN DISC RECORDS AT HOME. 

L.,_ AA ai 
IIIYllllltnnaltlltiiiiiipt.wd,,.. 

Edison Bell, Edisonia Works, (Bengali Road, London, S.E. 

4 

MINIM an aw assINa 
....aai.a m,. ,aa.,.o.., Aal.ta 

_and dry« ... Anne 
-F.nba ag ,.ha.r 
,......u..a... t l n *PM{ +t-!"..wr /ra++1Kar.e 
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A History 
Of Home 

Recording 

5 

1. First electrical home re- 
corder; Radiola (1928). 2. Victor 
Model 207 (1928). 3. Cylinder - 
machine owner's manual (ca. 

1907). 4. Jacket for zinc discs 
meant to use playback machine 
(worked poorly). 5. Wilcox -Gay 
Recordio. (1949) Crystal Cutter & 

General Industries mechanism, 
as in many machines of late 30s 

and 40s. 6. Edison Bell Eureka 
disc recording "appliance" (ca. 
1920). 7. Presto EU used 
aluminum, wax paper, later 
acetates. Magnetic cutter & 

overhead lathe shown off disc 
for playback. Similar Model K 

used widely in 40s. (1,2,5,7, 

Library of Congress; 6, Hillan- 
dale News, London) 

George A. Blacker 

HAVE YOU ever wondered how home recording was done in the 
old days before tape, if indeed it was done at all? The answer to 
that is that it WAS done, and by a fascinating variety of types of 

apparatus. 
Edison patented the first sound recording and reproducing de- 

vice-the tinfoil phonograph-in 1877, but it was impossible to make 
commercial recordings for sale and reproduction on these machines, 
though they could record and play back instantaneously without any 
elaborate treatment of the tinfoil sheet. While the recorders on some 
models of the tinfoil apparatus doubled as a reproducer, unfortunately 
the tinfoil phonograph couldn't play much longer than a minute and the 
fidelity was very poor. Most of the tinfoil machines produced were used 
briefly by traveling lecturers, and the "phonograph fad" of the 1870s and 
early 80s was short-lived. The inadequacy of the machine was probably a 

major contributing factor to its loss of favor. 
Charles Sumner Tainter, aided by Chichester A. and Alexander Gra- 

ham Bell, worked on improving the phonograph during the 1880s and 
the result of their efforts-the Bell-Tainter Graphophone-was patented 
in 1886. They replaced the tinfoil sheets of the Edison machine with wax - 
coated cardboard cylinders as a recording medium and fidelity of 
recording and reproduction was improved, though volume of sound was 
reduced. Thomas A. Edison, who had dropped work on the phono- 
graph to develop the electric light and the electric utility business, was 
now free to resume his own research into sound recording. Spurred by 
the work of the Bells and Tainter, he did so. He adopted the concept of 
recording on wax, but made his cylinders of solid wax and of different 
dimensions from those of the Graphophone. The Edison cylinder of 1888 
was to become the standard in size, shape, and grooving for most of the 
phonograph industry until production of cylinders was finally discon- 
tinued in 1929. 

Cylinder phonographs and records were not generally available to the 
public until the early 1890s but all phonographs sold then were equipped 
with a recorder and a few blanks. If the recordist was not satisfied with 
his effort, the blank could be shaved and re-recorded. The home -re- 
corded cylinders now in the hands of collectors testify that their sound 
quality, judged by today's standards, was consistently inferior to that of 
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even the cheapest cassette recorders. 
Still, the best of them were nearly as 

good as the commercial cylinder 
records of the day. If any reader 
would like to try to find out for him- 
self how home cylinder recordings 
sounded in those days, he can do so 
by locating an old Ediphone or Dicta- 
phone cylinder -type dictating 
machine and some blank cylinders; 
these should be available in some 
second-hand stores at fairly low 
prices. The cylinders are not the same 
size as the standard entertainment 
records, and speed and grooving are 
also different, but it should be pos- 
sible to get a pretty close approxima- 
tion of what home recording was like 
at the turn of the century. 

The cylinder phonograph, 
equipped to record, even played a 
minor part in military intelligence 
operations during the First World 
War. A shortwave radio station, estab- 
lished in 1913 and operated by the At- 
lantic Communications Company, 
was one of two such stations that 
transmitted messages to a station near 
Hamburg, Germany. The other sta- 
tion was at Tuckerton, New Jersey. In 
1914, the Tuckerton station was taken 
over by the U.S. Navy, since it was 
feared the station might be used to in- 
form U-boats of the movements of 
American coastal shipping. The Say- 
ville station must have been under 
suspicion as well, but monitoring of its 
transmissions revealed nothing-at 
least, not at first. Then radio amateurs 
along the East Coast began picking up 
strange noises at night, beginning at 
11:00 PM and continuing until 1:00 
the next morning. The sound 
resembled a continuous buzzing 
noise, with no audible interruptions 
such as would be typical of Morse 
code transmissions. One of these 
amateurs, Charles Apgar of West- 
field, N.J., had built a highly sensitive 

Pathé Voicewriter reproducer (incomplete) 
detector using a DeForest Audion 
tube which was able to deliver an un- 
usually loud signal at the earphones. 
He had made a practice for some time 
to record parts of incoming transmis- 
sions on a cylinder phonograph that 
he had bought for the purpose. His 
curiosity was piqued by these odd 
transmissions, so beginning on June 7, 
1915, Mr. Apgar recorded excerpts 
from these transmissions for two 
weeks. He still couldn't make any- 
thing of them until one time he for- 
got to wind the machine as he played 
back one of the cylinder recordings. 
As the machine slowed down, the 
supposedly continuous buzzing noise 
became recognizable Morse Code. 
The Apgar recordings came to the 
attention of Chief Radio Inspector 
L.R. Krumm of the Bureau of Naviga- 
tion in New York, who was also 
puzzled by the mysterious signals, and 
he summoned Apgar and W.J. Flynn, 
chief of the Secret Service, to a meet- 
ing in New York at which the records 
were played for Flynn. As a result, the 
Sayville station was siezed by the Navy 
and the Secret Service on July 10, 
1915. It was revealed much later that 
the Sayville station, like its counter- 
part in Tuckerton, was equipped with 
a Telegraphone, the great-grand- 
father of the modern tape recorder, 
on which code messages were 
recorded prior to transmission. When 
the nocturnal transmissions of these 
recorded messages were begun, the 
Telegraphone was run at a much 
higher speed. The messages were re- 
corded in Germany on a similar 
machine running at high speed, then 
played back at a lower speed which 
permitted deciphering of the code. 

It may be seen from the foregoing 
that home recording via the cylinder 
phonograph was not very hard, al- 
though the acoustic recording ap- 
paratus did not lend itself very read- 
ily to espionage or bugging. The com- 
parative insensitivity of the equip- 
ment, along with its bulk, made con- 
cealment impossible. Sensitive micro- 
phones and amplifiers were still a long 
way off. 

For many years, the owners of disc 
phonographs or gramophones were 
unable to make records at home. In- 
deed, Emile Berliner, the inventor of 
the gramophone, conceived of his 

machine strictly as a playback ap- 
paratus. He did make this promise to 
such people as wanted to make re- 
cordings of their own: "In each city 
there will be at least one office hav- 
ing a gramophone recorder with all 
the necessary outfits... Persons 
desirous of having their voices taken 
will step before the funnel (horn) and, 
upon a given signal, sing or speak or 
they may perform upon an instru- 
ment. While they are waiting, the 
plate will be developed (i.e., the zinc 
master disc immersed in an acid bath 
to etch out and deepen the grooves), 
and when it is satisfactory, it is turned 
over to the electro -plater or to the 
molder in charge, who will make as 
many copies as desired." 

Unfortunately, this did not come to 
pass, so that private recording on discs 
remained a relatively difficult thing 
for many years. In 1910, however, the 
Edison Bell Co. of England placed 
their Eureka home recording outfit on 
the market, thereby making home 
disc recording feasible-at least for 
English buyers. The outfit consisted of 
a simple overhead lathe mechanism 
driven from the spindle of the phono- 
graph to which it was attached. A 
vertical cutterhead, resembling a type 
of Columbia cylinder recorder, was 
guided across a wax recording blank 
10 in. in diameter and about 1/2 in. 
thick. After the recording was made, a 
reproducer was substituted for the 
cutterhead and the recording played 
back. The blanks could be replayed as 
often as desired, or wiped clean of 
existing recording by the use of a 

liquid solvent (which must have left a 

rather rough surface) or sent to the 
factory for processing into shellac 
pressings. The outfit sold for two 
guineas (about $12.00), and while 
there is no reason to doubt that it 
made fairly decent recordings, its 
fidelity must have been about com- 
parable to that of the home -re- 
corded cylinders. 

The first home disc recording 
equipment to be placed on sale in 
America probably was the 
Pathé Voicewriter, which seems to 
have appeared in 1922 or 1923. The re- 
cording blank was a disc made of thin 
aluminum, about 7 in. in diameter. 
The recorder was nothing more than 
an ordinary acoustic phonograph re - 
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The 
Nakamichl 

Revolution 
An extravagant statement? Not at all. 
For the Nakamichi 700 Tri -Tracer cassette 

system is so completely different from anything 
that has gone before that it truly represents a 

quantum jump in cassette technology. 
A brilliantly engineered instrument, the 

Nakamichi 700 is an extraordinary blend of 
electronic and mechanical sophistication. 

To cite a few innovative examples, three 
separate heads-erase, record, playback-afford 
off the tape monitoring, but more importantly, 
extend flat frequency response to beyond 20,000 
Hz. A closed -loop dual capstan system employs a 
servo -controlled d.c. motor to maintain rock - 
steady, constant speed and a second motor takes 
over in fast forward and rewind. IC logic and 
feather -touch solenoids control all tape func- 
tions. A built-in record head azimuth -alignment 
beacon insures perfect recordings every time. 

But enough. An extended technical description 
goes far beyond the scope of this ad. 

Far more persuasive, we think, are these 
comments from a Hirsch -Houck Laboratories 
Test Report that appeared in the December 
1973 issue of Stereo Review. 

"As our test data indicate, the Nakamichi 700 
is an extraordinary cassette recorder... With 
Nakamichi Cr02 tape, the performance was...an 
almost incredible ± 1.5 dB from 46 to 22,500 
Hz...The noise level, referred to the 3 per cent 
distortion level, was very low... - 57 dB without 
Dolby and -62.5 dB with Dolby" 

They go on to say, "We could not measure the 
700's combined wow and flutter because it was 
below the residual level of our test tape" 

Summing up, the Report declares, "...we 
would rank it (the Nakamichi 700) as the best 
cassette recorder we've tested and one of the 
best tape recorders of any type we have ever 
used" 

See and hear the Nakamichi 700 and the com- 
panion Model 1000 at your dealer now. Then go 
out and start your own little revolution. 

For complete information and the name of 
your nearest dealer write: Nakamichi Research 
(U.S.A.),Inc., 220 Westbury Avenue, Carle Place, 
N.Y. 11514. In California: 1101 Colorado Avenue, 
Santa Monica 90404. 

PERFECTION THROUGH PRECISION. 

NAKAMICHI 
Check No. 20 on Reader Service Card 



producer, equipped with a sapphire 
stylus that creased the aluminum to 
create a groove. If the metal was cut 
or scratched instead, the reproduc- 
tion became undesirably noisy. The 
recorder was heavily weighted to pro- 
vide the pressure needed to indent 
the surface of the blank, and the 
entire assembly was mounted on a 

long steel arm that could be attached 
to a bracket in some convenient cor- 
ner of the phonograph cabinet. There 
was no overhead lathe mechanism to 
guide the recorder across the blank, 
so Pathe used a metal "tracker" disc, 
the grooves of which were engaged 
by a second needle, mounted in a 

hinged chuck built into the recorder 
arm. This guided the arm and re- 
corder across the disc so as to make a 

proper spiral groove. I have not seen 
all of one of these outfits; I found a 

recorder in its arm several years ago, 
but the mounting bracket, tracker 
disc and recording stylus were mis- 
sing. Also, I have only seen an empty 
envelope for one of the aluminum 
blanks, from which I was able to de- 
duce the approximate diameter of the 
disc, and to confirm (from the printed 
instructions) the workings of the sys- 
tem. From the fact that the recording 
stylus and guide needle are separated 
by exactly 11/2 in. I deduce that the 
diameter of the tracker disc must have 
been about 4 in., and that the usable 
recording area of the aluminum blank 
must have been only about 11/4 in. 
(perhaps less if the disc was much less 
than 7 in. in diameter). At the recom- 
mended recording speed of 80 rpm, 
recording time could not have ex- 
ceeded a minute and a half. 

Also during the twenties, several 
concerns sold pre -grooved zinc discs 
on which one was supposed, in theory 
at least, to make recordings using any 
disc phonograph. (These were 
acoustical, remember.) You put a 

fresh steel needle into the phono- 
graph reproducer, and, using a mega- 
phone to concentrate the sound, 
spoke or sang as loudly as you could 
into the horn of the machine. The 
needle was supposed to engrave the 
metal at the bottoms of the grooves in 
the blank, making a recording, but I 

have yet to find one of those zinc 
discs (and I've seen at least a dozen) 
that had an audible signal in it. The 
discs, all 6 in. in diameter, were sold 
under such names as Echo -Disc, 
Rekordo, Rekord, Marvel, and Re- 
peat -a -Voice. They still turn up occa- 
sionally with old phonographs. 

Home recording couldn't begin to 
come into its own until adequate 
microphones and amplifiers became 
available as adjuncts to the disc re- 
cording process. The acoustical sys- 

tern was distinctly low -fi, and 
technicians in the studios had a varie- 
ty of expedients to help it along that 
were beyond the capability of the 
average person: sound reflecting pan- 
els, platforms upon which some 
musicians had to sit in order for their 
instruments to be picked up by the re- 
cording horn, and specially modified 
instruments including the Stroh 
violin, which had a sort of mega- 
phone built onto it to focus its sound 
at the horn. 

The next home disc recording 
equipment to be offered for sale 
appeared in 1930, when the Presto 
Company offered a recorder that 
used aluminum discs, similar to those 

Fairchild Camera disc recorder 

used in the Path Voicewriter. The 
Presto recorder, however, used a 

feedscrew mechanism to guide the 
recorder head across the blank, and a 

microphone and amplifier to drive 
the recorder. As with the older Pathd 
system, the Presto recorder creased 
the surface of the aluminum disc 
without tearing or scratching the 
metal. Application of a lubricant to 
the surface of the blank was helpful in 
minimizing the danger of this. The 
aluminum disc recordings had a 

sound quality that was generally quite 
satisfactory, although the surface 
noise level was rather high. 

In 1931, RCA Victor offered their 
home recording system, which was 
built into the Model R-57 radio - 
phonograph combination. Harking 
back to the concept of the Echo -Disc, 
they used a pre -grooved recording 
blank made of soft plastic. The 
magnetic pick-up head of the phono- 
graph doubled as a recorder, using 
appropriate switching circuits. A 
special blunt -tipped steel stylus was 
used both for recording and play- 
back of the plastic discs. The tip of the 
stylus was of such a size and shape 
that it rode along the tops of the 
groove walls, deforming the plastic in 
the recording process. This use of a 

special type of stylus for recording 
and reproduction meant that the 
records could not be satisfactorily 
played back with a standard phono- 
graph stylus. The 2.7 mil, 78 rpm styli 

of today are unable to ride the tops of 
the groove walls, where the sound 
modulation is concentrated, but track 
the lower portions, where there may 
be no sound at all, or so little that the 
signal is very faint and of poor qual- 
ity. It is possible to get improved re- 
sults from these records with a special 
stylus, but the signal-to-noise ratio is 

still unfavorable. It is safe to say that 
pre -grooved recording blanks never 
worked very well. 

When vinyl acetate and similar plas- 
tic instantaneous recording blanks 
became available around 1933, the 
owners of the earlier aluminum disc 
recorders were able to modify their 
equipment to use them, with im- 
proved results, and home disc re- 
cording began at last to come into its 
own. Most home recorders were 
either part of a radio -phonograph 
combination, or were designed to 
accept signal inputs from other 
sources than a microphone, so that 
many people made a hobby of re- 
cording radio broadcasts off the air. 
There are some LPs available today in 
which certain cuts by some of the 
famous bands of the late 30s and early 
40s are taken from such home re- 
corded airshots. 

The acetate disc recorder re- 
mained popular through the 30s and 
well into the 40s, when magnetic tape 
recorders had become sufficiently 
perfected and low in price to dis- 
place them. Magnetic recording had 
been around since the late 1890s, 
when Valdemar Poulsen, a Danish 
electrical engineer, invented the Tele- 
graphone, a device that recorded 
magnetically on flat steel disc or steel 
ribbon. Poulsen had devised it origin- 
ally as a means of making more ef- 
ficient use of telephone circuitry; 
messages were to be recorded on the 
Telegraphone, transmitted at high 
speed on the telephone line to their 
recipients, who would record them at 
high speed and then reproduce them 
at normal speed. We have already 
seen how this multi -speed recording 
and playback capability was used in 
radio transmissions during World War 
I. The Telegraphone's main dis- 
advantage was that its signal level was 
not very high, and since biasing of the 
recording medium had not yet been 
thought of, the distortian must have 
been high enough to make its use for 
anything other than voice recording 
impractical. The a.c. biasing tech- 
nique was conceived by two Ameri- 
can researchers, W.L. Carlson and 
G.W. Carpenter, who were investigat- 
ing magnetic recording for the U.S. 
Navy. 

The oft -told story of the capture of 
Radio Luxembourg in 1944 by the Al - 
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fdback. 
flau it puts back 

thE sound you'vE bEEn 
missing. 

Until recently, there was a 
substantial amount of distortion 
inherent in all loudspeakers. 

As specialists in components 
for the professional and the serious 
audiophile, we were determined to 
do something about this. And now 
we're pleased to introduce the 
result of this determination- 
the C/M Model 15 Servosound 
Feedback System. 

DETECTS AIID CORRECTS 
Designed to incorporate the principle 

of negative feedback, our remarkable 
new floor -standing three-way Model 15 actually 
detects potential distortion and corrects it. 

Here's how. A built-in servo -sensing 
network; designed as a theoretically perfect 

speaker, compares the 
Model 15's 

mechanical 
output with the 
amplifier's 
electrical input. 
The servo 

network then 
sends the amplifier a sufficient correcting voltage 
to make the Model 15 virtually distortion -free? 

SEPARATES -THUMPS" fROM "PLUf1KS" 
You get a sound with a clarity and 

definition you may not have believed possible. 
You'll even be able to distinguish between the 
"thump" of a bass drum and the "plunk" 
of a bass violin. 

What's more, we haven't just settled for a 
speaker response with almost no distortion. 

We've also improved the 
performance in other ways. 

Our dual -cabinet 
design, for example, permits 
us to put our 15" woofer in 

the type of geometric en- 
vironment that's long been 
recommended-namely, 
a cube -shaped cabinet of 
own. And the two tweeters 
flank the midrange driver 

e other cabinet are 
ed at 30° 

es, for 
titer hori- 

zontal dispersion. 
In addition, our built-in 

room controls enable you to 
compensate for the acoustics 
and size of your room. 

If your dealer doesn't yet 
carry the C/M Model 15 Servosound 
Feedback System, just drop a line to C/M 
Laboratories, 327 Connecticut Avenue, Norwalk, 
Connecticut 06854. We'll not only mail you 
additional information on the Model 15, but, if 

you wish, we'll arrange a demonstration foryou at 
a dealer in your area. (No obligation, of course.) 

Hear C/M's Model 15 soon. 
And then move ahead to feedback- 

at its finest. 

C LABORA lOR/ES 
EXCEPTIONAL COMPONENTS FOR THE EXCEPTIONAL EAR. 

1. .or a more detailed explanation of closed -loop servomechanisms. see Servomechanism 
and Regulating System Design. by H. Chestnutand R. W Mayer, published by John W ley & Sons. 

2. We're able to just about eliminate harmonic, modulation, amplitude, phase, bandwidth and 
dynamic range distortion. 
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TOY° 
Peak Level Meter 

You can enjoy 
professional 
recording! 

TOYO PEAK LEVEL METER is a 
magnetic -type, built-in meter using a 
needle indicator. The uncomplicated de- 
sign relies on Toyo's great experience, 
high level technology, and extensive 
background as the first producer of the 
magnetic -type built-in meter. 
The meter precisely indicates signal level 
peaks even in complex audio signals, and 
thus it can correctly monitor either SIN 
ratio (caused by a low signal level from 
amp, tape deck, etc.) or distortion at high 
frequencies (with too high a signal level). 
(Patent Pending.) 

SPECIAL FEATURES 

Thanks to special materials, the meter follows 
level changes six times faster than the conven- 
tional VU meter, needing only 0.05 to 0.06 sec- 
onds to respond, while the normal VU meter 
responds only after 0.3 seconds. 

The meter has excellent sensitivity over a 
wide range, from -40 dB to +5 dB, so your 
amplifier, tape deck, etc, can easily be 
upgraded. 
The circuit block consists of a logarithmic 
compression portion, full -wave rectification 
portion, integration circuit, and meter driving 
circuit. The meter is specially designed to 
widen dynamic range and indicate peak signal 
level very accurately. 

The circuit blocks are built directly into the 
meter itself, as is a bulb for indirect lighting. 

Markings are specially designed for good 
legibility. The unit is low cost and light in 
weight. 

Color of scale plate: black and brownish 
ivory. 

SPECIFICATIONS 
Indication Range -40dB- +5dB 
Frequency Deflection 40Hz-20KHz ±0.5dB 
Input Level 0dB -1V rms 
Input Impedance 100K32 or more 
Lamp AC 6,3V 14OmA 
Responding Time (At start up) 

1 msec. or more 
Recovery Time About 2.5 sec. 
Power Supply DC 24V±1V 
Power Consumption 360mw or less 

,so 
M 1.0 

(Face) 

76.0, 44 -4. 

6].0 I40+- 29-I 

TOY() CORPORATION OF AMERICA 
800 West Sixth Street, Suite 1730 

Los Angeles, California 90017 
Phone (213) 485-1748 

Toyo Musen Co., Ltd. 
Tokyo, Japan 

lied forces, and the discovery there of 
a German -installed Magnetophon, 
tends to obscure the fact that re- 
search and development in magnetic 
recording had also progressed well in 
America. The best-known American - 
made magnetic recorder was the 
Brush "Soundmirror," models of 
which were placed on the market as 

early as 1939. The tape sold for use 
with this instrument was paper - 

7 ? " 

A-Weight-Limiting Lug. 
B-Weight-Limiting Loop. 
C-Rim of Recorder Weight. 

C J-Recorder Weight. 
D-Recorder Arm. 
E-Sapphire Point. 
F-Foot of Recorder Arm. 
G-Glass Diaphragm. 
H-Rubber Gasket. 
I-Paraffine Wax. 
J-Rim of Recorder Weight. 

K-Hinge Screw. 
L-Hinge. 
M-Ball Joint. 
N-Tube. 
O-Tube Pin. 
W-Notch in Rim of Weight. 
X-Slot in Rim of Recorder. 

Cross section of Edison cutterhead. 
backed, but Brush wrote a letter of in- 
quiry to the Minnesota Mining & 
Manufacturing Company (now 
known as 3M and famous as the 
makers of Scotch tape), asking 
whether the company could produce 
a plastic -backed magnetic recording 
tape. They could, and did, and shortly 
after the war, magnetic recording 
entered its years of growth which 
have continued to this day. 

It might be interesting to note that 
the first use of tape to record classical 
music took place in 1936, when the 
officials of BASF, the first producer of 
magnetic tape, used some on a bor- 
rowed Magnetophon to record a con- 
cert by the London Philharmonic 
Orchestra under the baton of Sir 

Thomas Beecham. The concert was 
given at the factory by special invita- 
tion of the BASF executives. This 
historic tape recording survived the 
war, and has been recently reissued, 
some 37 years after the original con- 
cert. 

The first use of tape in broadcast- 
ing in this country was made in 1947 
by the producers of Bing Crosby's 
radio show. The program was tran- 
scribed on 16 -in, acetate discs, but 
because the show was assembled by a 

montage method, combining seg- 
ments previously recorded, costs 
were undesirably high and sound 
quality poor, due to loss of quality in 
dubbing. Faced with the unpleasant 
alternatives of accepting as inevitable 
the poor sound or being compelled to 
do the show live, Crosby and his pro- 
ducers decided to try tape. The re- 
sults of a demonstration pleased them 
so much that they began to tape the 
show for broadcast, starting in Oc- 
tober of that year. It was not too long 
before the networks adopted tape for 
their own use. Now the average radio 
station would be almost completely 
silenced without tape, and few sta- 
tions, if any, still have their old acetate 
disc recording equipment. 

The various forms of cartridges and 
cassettes were developed to eliminate 
the bother of changing reels and 
threading tape, which most people 
(the writer excepted) seem to con- 
sider a nuisance. Improvements in 
oxide formulations and the tape itself 
have brought us improved durability 
and better response at lower speeds. 
Cartridge and cassettes have also 
made it possible to have music almost 
everywhere-in cars, boats, aircraft, 
and even on farm tractors. Collectors 
of historic recordings can benefit, too, 
in that historic records can be easily 
copied with little loss of sound qual- 
ity, and the copies thus made dupli- 
cated as extensively as necessary, 
where it would not be economically 
feasible to reissue the record in disc 
form. Undoubtedly the end of devel- 
opment in tape recording has not yet 
come. 

If you've ever heard any older 
home recordings made on equip- 
ment similar to what I've described 
here and chuckled indulgently at 
their shortcomings, I suggest you 
keep this in mind: it was only the 
enthusiasm of the earlier hobbyists 
that provided the incentive for im- 
provement of product whose fruits 
we enjoy today, with our cassettes, 
tape recorders and, if you can afford 
it, videotape gear. So enjoy your 
equipment, but don't bet that some- 
thing won't come along after a while 
that will make it as obsolete as the 
cylinder phonograph is today! 40, 
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FREE 1975 
Heathkit 
Catalog 
The audiophile's guide 
to kit -form savings 
Our latest catalog contains the world's largest 
selection of kit -form stereo & 4 -channel compon- 
ents, along with speakers, cabinets & accessories - plus over 350 other exciting Heathkit products for 
every interest and every budget. And it's yours for 
the asking - just fill out & mail in the coupon below! 
For over 27 years, we've made superb electronic 
equipment that anyone can build - even with no 
prior knowledge of kit building or electronics. 

Our assembly manuals are famous for guiding you 
step-by-step. Friendly technical consultants at our factory are ready 
to help you at the first sign of a problem and expert service is avail- 
able coast -to -coast. As hundreds of thousands of customers will tell 
you, we won't let you fail! 

AR -1500A Stereo Receiver 
Without a doubt, one of the world's finest receivers. The ampli- 
fier delivers 60 watts, min. RMS, per channel into 8 ohms at less 
than 0.25% total harmonic distortion from 20-20,000 Hz. And the 
AM and FM sections measure up to equally impressive levels of 
performance. An outstanding receiver, yet even a novice can 
build it. 

Kit AR -1500A, less case 399.95* 

Dolbyt Stereo Cassette Deck 
Top performance at an easy to afford price. Bias adjustments for 
regular and chromium dioxide tapes. With Cr02 tape and Dolby, 
frequency response is typically 40-14,000 Hz, ±3 dB with -58 
dB hum and noise. The reliable transport comes factory -assem- 
bled and aligned. Just wire the plug-in circuit boards and per- 
form the final assembly. With test tape and blank cassette. 
Kit AD -1530 259.95* 
tDolby is a trademark of Dolby Laboratories, Inc. 

See our complete line of stereo & 4 -channel 
components - send for your FREE Heathkit catalog. 

HEATHKIT ELECTRONIC CENTERS - Units of Schlumberger Products Corporation 
Retail prices slightly higher. 
ARIZ.: Phoenix; CALIF.: Anaheim, El Cerrito, Los Angeles, Pomona, Redwood City, 
San Diego (La Mesa), Woodland Hills; COLO.: Denver; CONN.: Hartford (Avon); FLA.: 
Miami (Hialeah), Tampa; GA.: Atlanta; ILL.: Chicago, Downers Grove; IND.: Indian- 
apolis; KANSAS: Kansas City (Mission); KY.: Louisville; LA.: New Orleans (Kenner); 
MD.: Baltimore, Rockville; MASS.: Boston (Wellesley); MICH.: Detroit; MINN.: Min- 
neapolis (Hopkins); MO.: St. Louis (Bridgeton); NEB.: Omaha; N.J.: Fair Lawn; N.Y.: 
Buffalo (Amherst), New York City, Jericho (L.I.), Rochester, White Plains; OHIO: Cin- 
cinnati (Woodlawn), Cleveland, Columbus, Toledo; PA.: Philadelphia, Pittsburgh; 
R.I.: Providence (Warwick); TEXAS: Dallas, Houston; VA.: Norfolk (Va. Beach); 
WASH.: Seattle; WIS.: Milwaukee. 

r Heath Company 
Dept. 41-04 
Benton Harbor, Michigan 49022 

Please send my tree 1975 Heathkit Catalog. 

HEATH 

Schlumberger 

Name 

Address 

City State 7ip 
H F-292 PRICES s sPEciEc.TioNs SUBJECT To CHANGE WITHOUT NOTICE. 

Check No. 16 on Reader Service Card 



Rotating mill part full of steel 
balls mixes oxide particles 
with plastic binder to make 
thick, wet slurry. 

Making Tape 
Joseph Kempler* 

CREDIT FOR the current high standards of tape re- 
cording should be shared by the tape recording 
equipment manufacturers and by the blank tape 

manufacturers, for while the equipment maker has contri- 
buted major improvements in his machines' heads, elec- 
tronics, and transports, the tape manufacturer has pro- 
duced higher energy tapes with precision construction 
through improved manufacturing technique. To help the 
reader understand the tape makers' role, this artide offers 
relatively simple descriptions of most of the processes we 
use to make premium quality tapes designed to meet the 
widest variety of consumer and equipment requirements. 
While today's magnetic tape is produced for a great num- 
ber of specific needs, this discussion will be confined to the 
manufacture of audio tapes for the consumer. 

Magnetic tape is produced by a continuous manufactur- 
ing process in which rather few basic ingredients are trans- 
formed into a recording tape with precisely defined per- 
formance properties. Each step in the chain -like process is 

critical, however, and is dependent on the previous step. 
Nothing can be permitted to go wrong at any point in the 

*Manager, Marketing Technical Services 
Capitol Magnetics 
Los Angeles, Calif. 

process, or the entire batch of tape may be out of specifica- 
tion with little, if any, opportunity for correction. This means 
that strict controls must be maintained during the entire 
process, for any testing which is done on the finished prod- 
uct is at best a confirmation that everything went well. 

Raw Materials 
Four basic raw materials are used in the production of 

tape: magnetic oxides, binder components, solvents, and 
the base film. 

Magnetic Oxide. The most common and still the most 
popular magnetic material for tape is iron oxide, used ex- 
clusively for all open -reel tapes, 8 -track cartridges, and a 
vast majority of cassettes. Although chromium dioxide en- 
joyed an upsurge for a while in cassettes, its popularity 
appears to be on a plateau. One of the reasons is that new 
iron oxides and novel methods of processing have made 
possible new iron oxide cassettes which are in many res- 
pects indistinguishable from chromium dioxide and yet are 
less expensive and have other desirable features. Chrom- 
ium dioxide, of course, really has been instrumental in 
bringing the art of cassette recording to present day stan- 
dards. 

This article will concentrate then, on the manufacture of 
single -coating, iron oxide tape. 
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When the magnetic oxides first arrive at our manufactur- 
ing facility, they are subjected to thorough testing. Using 
electron microscopes, quality control inspecto-s check par- 
ticle size and distribution. Particles vary between five and 25 
millionths of an inch in length and have a needle -like shape 
because the length of each particle is about five to 20 times 
its diameter. Particle size must be checked because differ- 
ent sizes are used for different products; the smaller the 
particle, the lower thé bias, a situation which contributes to 
audible hiss. 

The inspectors also look for "cleanliness" of particles. 
"Unclean" particles have arm -like branches and tiny cavi- 
ties which result in lower tape quality. All material not 
passing inspection standards is returned to the manufactur- 
er. 

The iron oxide is also examined for its magnetic proper- 
ties. Probably the most important parameter subject to in- 
tentionally large variation is the coercive force, which is the 
magnetizing force necessary to reduce the residual magne- 
tism to zero. Oxide which has a high coercive force will re- 
quire higher bias and record levels than a lower coercive 
force material. It will also require a higher erase current for 
the same amount of erasure. The lower recording efficien- 
cy of such a material is compensated for by its greater resis- 
tance to demagnetization, which helps strengthen the de- 
magnetization -prone high frequencies. As a result, high 
coercivity tapes usually have better high -frequency sensi- 
tivity and overload properties than low coercivity materials. 
Coercive force and other magnetic properties, such as 

remanent and saturation magnetization which determine 
the material's potential storage capabilities, are measured 
with various instruments such as vibrating sample magneto- 
meters and hysteresis loop tracers. 

While still in their powder form, the magnetic materials 
are also subjected to a variety of chemical and physical tests 
to determine ease of dispersion, acidity, impurity level, and 
similar variables which affect the subsequent manufactur- 
ing processes and the tape quality. 

Binder. The binder consists of one or more plastic resins 
which determine the physical properties of the tape coat- 
ing and, to some extent, recording properties. Its purpose is 

to bind all the oxide particles together into a srrong but flex- 
ible coating and to provide a permanent bond between the 
coating and the film base. 

Depending on the application, a number of additives may 
be used in the binder to modify certain properties: plastici- 
zers can be used to make the coating more flexible, lubri- 
cants to reduce friction and wear, conductive agents to re- 
duce static charges. Wetting agents, stabilizers, and fungi- 
cides may also be added. 

The binder resins and the additives are quality inspected 
in the raw material form with infra -red spectrometers which 
accurately analyze each ingredient for its composition and 
freedom from impurities. 

Solvents. The purpose of the solvents is to completely dis- 
solve the binder resins, producing a liquid dispersion suit- 
able for coating on the polyester film base. The solvent 
serves as a temporary vehicle to make the dispersion and 
coating possible. After this is done, the solvent is evapora- 
ted entirely out of the coating. 

Incoming inspection for solvents includes checks for con- 
taminants, boiling points, and solubility; gas chromato- 
graphs and similar devices are used. 

Base. Polyester film is the most widely used base for mag- 
netic tapes today because of its superior strength, stable 
dimensions (even when exposed to extreme climatic con- 
ditions), and its resistance to attack by chemica s which des- 
troy other plastics. 

Polyester film is available in a number of thicknesses, each 
designed for a specific type of tape product. For instance, 1 

Milling Media 
and Oxide -Slurry 
Preparation 

MILLING ACTION DURING MILLING CYCLE 

mil and 1.5 mil thick polyester is used exclusively tor open - 
reel tapes. The new standard thickness for 8 -track cart- 
ridges is 0.75 mil. Cassette tapes are 0.5, 0.3, and 0.25 mil 
thickness for 60-, 90-, and 120 -minute lengths, respectively. 

Because of the extreme thinness of film used in cassettes, 
the polyester for this application is tensilized. This is a spe- 
cial pre -stretching process performed by the film manufac- 
turer which increases the tensile strength nearly two times. 

Base film is also subjected to a large assortment of quality 
control measures before manufacture ever starts. It is tested 
for strength, thickness, smoothness, cleanliness, freedom 
from wrinkles and physical stresses. 

Manufacturing Process 
Once all the inspection and quality control tests are 

completed, the raw materials are cleared for production. 
Milling. The first step in the manufacturing process for re- 

cording tape is the blending and mixing of all the formula- 
tion ingredients. We do this in a ball mill, a large rotating 
drum partially filled with steel balls. When the drum is set 
into motion, the balls cascade through the mixture, called 
slurry, and create the type of agitation and blending action 
necessary to produce the desired dispersion. 

The ultimate purpose of milling is to produce a disper- 
sion where each oxide particle is coated with a thin layer of 
binder and separated from all other oxide particles. In spite 
of the massive nature of this operation, it is indeed a deli- 
cate and precise process. Insufficient milling, for instance, 
results in an incomplete dispersion where large groups of 
iron oxide particles are clustered together, causing unde- 
sirable magnetic interactions. These interactions manifest 
themselves as increased hiss level, lower output, variations 
in uniformity, dropouts, and even local weak spots in the 
coating, which can eventually cause shedding, wear, and 
additional dropouts. Excessive milling can be just as harm- 
ful and may show up as a loss of high -frequency response, 
increase in layer -to -layer signal transfer (print through), 
and, depending on the formulation, may also cause a weak- 
ening of the entire coating. 

Tapes have been greatly improved in recent years by pro- 
gress in milling technology. Current methods of dispersion 
have resulted in reduced interaction losses and permitted a 

substantial increase in coating density without weakening 
either the physical or the electrical properties. 

Coating. Once the slurry has reached its optimum dis- 
persion level, it is brought to the coating machine to be 
joined with base film. 
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coating. The drying tunnels are divided into a number of 
zones with individual means of adjusting the drying state by 
controlling air temperature, velocity, and volume. A drying 
rate which is too fast or too hot can cause some of the sol- 
vents to evaporate or boil off too rapidly, producing tiny 
pinholes and craters in the coating, which in turn will cause 
dropouts or noise pops. On the other hand, if the drying 
cycle is too slow or incomplete, the tape may be tacky and 
stick to itself, or even worse, may cause build-up on the re- 
cording heads and produce severe losses of output. 

Surface Polishing. Before the tape leaves the coater, it is 

squeezed between two or more very highly polished rollers 
under great pressure and high temperature. This process 
uses the super -smooth finish of the calendering rolls to 
create a nearly glasslike surface on the tape which has an 
average finish depth of only a few microinches. 

Not all audio tapes require the same degree of polish. The 
finest polish is usually reserved for premium cassette tapes 
in order to improve output at high frequencies, since for 
best high -frequency response, the tape must maintain inti- 
mate contact with the record and play heads. Even the 
slightest spacing between the head and the tape will intro- 
duce severe losses. For instance, a 10 -kHz signal recorded 
on a casette at 11/4 ips will suffer a combined record and 
playback loss of about 6 dB if there is only a ten microinch 
spacing between the tape and the heads. This type of sep- 
aration can easily result from an unpolished surface since 
any roughness, even sub -microscopic in size, causes only 
the high points on a tape surface to come into contact with 
the heads. This also illustrates the need for cleaning and 
maintaining the heads of the recorder. 

Slitting. When all operations performed on the coating 
machines are completed, the tape is wound onto large 
cores. These enormous rolls are then transported to another 
section of the plant where they are slit into hundreds of 
reels of tape in a single operation utilizing rotary blades. Slit- 
ting is done at very high speeds but under stringent control 
so that the film is cut in a perfectly straight line. 

Consumer sound recording tape is slit to either of two 
widths. All open reels and lubricated tapes for 8 -track cart- 
ridges are slit to a width of 0.246 inches ±2 mils. Cassette 
tape is slit to 0.149 inches +1 mil. 

Good guiding and trouble -free operation on the record- 
er is to a large extent dependent on the accuracy of slitting. 
For instance, width tolerances must be accurately main- 
tained. Clearly, a tape which is too wide will stick in the 
guides or become damaged at the edges if forced to run 
under these conditions. Loss of output and dropouts on the 
edge track will very likely result as well. A tape which is too 
narrow may mistrack and cause output variations in edge 
channels and, in some cases, cause crosstalk. 

Even if the tape is slit to the right width, but not guided 
through the slitting knives in a straight line, the tape will be 
skewed or "snaky." Snakiness of this type will produce large 
variations in the high frequency signal because the tape is 

moving past the head with a constantly varying angle with 
respect to the head gap, changing the azimuth correspond- 
ingly. 

After the tape is slit, the individual pieces are usually 
wiped on both sides to clean off any loose debris generated 
during slitting. It should be pointed out that a slight amount 
of oxide deposit on the heads or on the pinch roller is not 
abnormal however. Some dirt accumulation must be ex- 
pected because no matter how cleanly the edges are slit, 
they can never be as smooth and as free of debris as the sur- 
face. Also, as the tape edges rub against the guides, heads, 
and reel flanges, a slight edge polishing takes place, causing 
new debris accumulation, which is then deposited on the 
heads or pinch rollers. This is one of the many reasons why 
regular cleaning and maintenance of the recorder is neces- 
sary. 

On the take-up side of the slitting machine, the slit and 
cleaned tape is wound onto the various reels. Most 71/2 -in. 
open -reel tape for home recording is wound directly onto 
plastic reels. Tape for 101/2 -in. reels, however, is normally 
wound on plastic or aluminum NAB hubs, with the metal 
flanges attached later. 

Lubricated tape for 8 -track cartridges is wound on large, 
14 -in. diameter pancakes, which hold 8,400 or more feet. 
These pancakes, without flanges, are then transferred to the 
cartridge assembly department where they are loaded into 
8 -track plastic housing. The same pancakes, incidentally, are 
also shipped to music duplicators throughout the world 
who record music on them at 120 inches per second, then 
load them into cartridges, and make them available as pre- 
recorded 8 -tracks. 

Cassette tape used for loading into blank cassettes must 
be specially prepared before shipping to arrange for the 
provision of leaders. To accomplish leadering in an effi- 
cient way, the jumbo rolls of cassette tape are rewound, and 
at specific intervals of length, a section of full -width leader 
material is spliced in. The intervals depend on the desired 
length of tape in the cassette to be manufactured. For in- 
stance, if 60 -minute cassettes are to be manufactured, the 
leader is spliced in every 282 ft.; for 90 -minute cassettes, the 
length becomes 422 ft., and so on. 

Final Assembly 
Once slitting is completed, final assembly can begin. For 

each format the process is different. 
Open Reel. Since reel tape is already on hubs, it is nearly 

ready for shipping. First it is visually inspected, and then 
bulk -erased to bring the noise level down to the virgin state. 

8 -Track Cartridge Assembly. Since the 8 -track cartridge is 
designed to operate continuously in one direction, without 
rewinding, the cartridge has no reels and the tape is wound 
on a platform in a closed loop, with no ends. In operation, 
the tape feeds from the inside of the pack, driven in clock- 
wise direction by the built-in pinch roller and the record- 
er's capstan, and travels past the various guides, the heads, 
the pinch roller, and back onto the outside of the tape pack. 

Because pack diameters differ between take-off and take- 
up points, all tape layers within the pack of a cartridge must 
continuously slide on each other to adjust the running ten- 
sion and also to provide wow -free, flutter -free motion. A 
good cartridge should run for hundreds of hours with no in- 
crease in tension or motion disturbance. To accomplish this, 
we employ a special lubricated coating on the back of the 
tape which substantially reduces friction and extends cart- 
ridge life. 

This lubricant must also run cleanly. Any dirt deposited 
on the heads causes severe high frequency losses. It must 
not cake up on the pinch roller either, since this produces 
slippage, wow, and speed changes. Finally, the lubricant 
must not transfer to the oxide side of the tape, or it would 
cause dropouts. 

The assembly of 8 -track cartridges begins by unwinding a 

precise length of tape from the 14 -in. pancake directly onto 
the cartridge platform. The platform and various compon- 
ents of the cartridge including the pressure pad and pinch 
rollers are then assembled into the base and the cover is 

snapped into place. The two ends of the tape hanging out 
from the cartridge opening are cut to a specific length to 
form a "drop loop." These ends are then spliced together 
on the oxide side using a metallic splicing tape, the track 
switching foil, which is designed to automatically switch be- 
tween the four pairs of stereo programs recorded in the 8 - 
track cartridge. All recorders and players for 8 -track are 
equipped with a head that moves up and down in response 
to the switching action. Many users record right over the 
splice since the interruption in sound lasts less than half a 

second. 
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NEW. INNOVATIVE. BOSE. 
The first Direct/ Reflecting bookshelf loudspeaker 

The Bose Model 301. The first and only system to offer the 
spaciousness and clarity of a Direct/Reflecting loudspeaker 
with the convenience and beauty of a bookshelf enclosure. 
Speaker design and performance from the same engineering 
that produced the internationally famous Bose 901e and 
501 speaker systems. 

The Bose Model 301 began as a unique engineering challenge: 
create a small, low cost Direct/Reflecting loudspeaker with 
maximum flexibility of placement and truy exceptional 
sound. The end result incorporates three significant develop- 
ments not available in any conventional speaker: 

Asymmetrical Design: each Model 301 radiates a different 
spatial pattern to the left and right side of the room, 
provicing stereo reproduction that expands beyond the 
spacing of the speakers. Consequently, each speaKer 
of a stereo pair is constructed as a mirror image of the other. 

A Direct Energy Control: a control located at the top of 
the cabinet allows you to select the proportion of direct to 
reflected sound at high frequencies to produce the optimum 
spatial characteristics for your particular room. 

A Dual Frequency Crossover Network: a new approach to 
crossover design separates transition frequencies of the 
woofer and tweeter to provide an overlap in frequency 
response of over one octave. This technique minimizes 
localization of sound to the woofer or tweeter alone, 
and produces unusually smooth response through the 
middle frequencies. 

Each of these developments solves a particular problem 
associated with designing a small, low cost Direct/Reflecting 
loudspeaker. Now you can enjoy the "sense of presence" that 
only a Direct/Reflecting speaker can offer. Stereo reproduc- 
tion that expands beyond the spacing of your speakers to 
accurately place the sound of instruments across the entire 
breadth of your listening room. 

The new Bose Model 301 Direct/Reflecting Loudspeaker. 
A sound quality that you will find extraordinary from so 
compact a speaker and at so low a price. 

For a full -color brochure on the Model 301, write to us at 
Room A3. 

T he Mountain Framingham. MA 01701 



Cassette Assembly. In the assembly of cassettes, the pre- 
leadered tape on the large reels is transferred to the cassette 
hub. The leader is securely fastened to one hub and the tape 
is wound on the hub until the following leader appears. This 
leader is cut and the end fastened securely to the other hub. 
The two hubs are then inserted into the cassette half, along 
with other components, such as anti -friction liners, rollers, 
shield, and pressure pad. The cover is put on next and is 

screwed or welded together to form the finished cassette. 
The labels are attached last and the cassettes are packaged 
into the various type of boxes. 

Final Testing 
In addition to important process control tests performed 

during manufacturing, quality -assurance tests are per- 
formed on the finished product to check the product for 
conformance to specifications. All tapes undergo this 
testing, including tape which will be loaded into cartridges 
and cassettes. 

The three kinds of tests conducted are physical tests, to 
measure such parameters as width, thickness, density, ten- 
sile strength, friction, scratch resistance, surface smooth- 
ness, head abrasion, and temperature and humidity stabil- 
ity; magnetic tests, to check coercive force, residual flux 
(remanence), residual flux density (retentivity), and the 
squareness of the hysteresis loop; and recording perform- 
ance tests, to check frequency response at various speeds, 
distortion, uniformity, noise, dropouts, print -through, and 
even the compatability of the tape with various recorders 
and their specific bias settings. 

While physical and magnetic tests are standardized and 
do not vary with the application, recording performance 
tests are always geared to the particular use for which the 
tape is intended. Recording equipment used for perform- 
ance tests consists of professional recorders equipped with 
heads and adjustments typical of home use conditions. In 

addition, some tests are performed on a large variety of dif- 
ferent home recorders to see how the tapes will behave 
under somewhat less than ideal laboratory conditions. 

Besides tests which are done on the tapes themselves 
prior to assembly, finished blank cartridges and cassettes are 
also subjected to complete quality assurance testing. Eight - 
track cartridges, for example, are tested for wow, flutter, 
and tension using new blank cartridges as well as ones hund- 
reds of hours old. The tests are done under ambient con- 
ditions as well as the extreme temperature -humidity condi- 
tions which will be encountered in cars, boats, and other sit- 
uations where cartridges are commonly used. Since 8 -track 
players are often given little preventive maintenance by 
their owners, primarily because cartridge players are used 
principally away from home, particular attention is paid to 
accurate and trouble -free operation under unfavorable 
conditions of use and maintenance. 

Cassettes, too, are checked for wow and flutter, torque 
requirements, smoothness of motion, and life. They are also 
checked for recording performance in the cassette since this 
cannot be accurately determined by pre -testing because the 
cassette plastic housing serves as the alignment surface in 
the machine and thus, at least partly, determines the 
azimuth adjustment between the head and the tape. A good 
cassette housing is made with precision molds from stable, 
warp -resistant plastics, and is assembled with great care to 
maintain the alignment of which the plastic parts are cap- 
able. Response tests measuring the effects of plastics are 
performed on the number of cassette recorders ranging 
from the simplest decks to the most elaborate three -head 
machines. 

By now, most of you have probably concluded that a lot of 
effort goes into production of quality magnetic tape. In- 
deed, it takes a keen attention to manufacturing controls, a 

great deal of experience, and extensive quality control test- 
ing to produce this miraculous recording medium. uen 
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SANSUI's power playmates-the TU -7700 tuner and the AU -7700 
amplifier are made for each other- by design. 

The TU-7700AM/FM stereo tuner, a breakthrough in tuner development, has far less 
distortion and wider stereo sound separatn than comparable tuners. 

Selectivity and sensitivity figures are so good as to be almost unbelievable. And this is a 
fitting component companion for SANSUI's AU -7700, a star at the top of the line of SANSUI's integrated amplifiers. 

55 Watts per channel minimum RPM into 8 Ohm load from 20Hz to 20KHz 
with no more than 0.1% total harmonic distortion. 

Separate or together -power houses both of them. Hear either the TU -7700 and/or the AU -7700 at your 
nearest SANSUI franchised dealer and be sure to pick up your free copy of 

"The Sounds of SANSUI" or write directly to us. 
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GIVE THE VIEWERS something 
they can't get at home, the 
movie makers said, and they 

will come back to the theaters-with 
their dollars. With this in mind, and 
spurred on by the phenomenal suc- 
cess of such spectacles as The Posei- 
don Adventure, Universal Pictures 
hatched a plan early in 1974 for the 
disaster film to top all others-noth- 
ing less than the destruction of Los 
Angeles by a mammoth earthquake. 
The crowning touch would be the 
physical sensations of a quake created 
by an ultra high power, low frequen- 
cy sound reinforcement system. 

Universal first needed to demon- 
strate the acoustical and economic 
feasibility of the project and then find 
a manufacturer to supply the neces- 
sary equipment. Two of their sound 
directors, Richard Stumf and W.O. 
Watson, recalled the bass perform- 
ance they had heard at the Cerwin- 
Vega exhibit at an Audio Engineering 
Society Convention and contacted us 
to see whether our firm would be in- 

*Cerwin-Vega, 
North Hollywood, Calif. 91605 

terested in the project, and if we had 
any stock equipment that could be 
modified to suit the requirements of 
their earthquake idea. 

Demonstrations in a Universal 
screening room followed, with the 
setup consisting of a number of stock 
concert bass horns (L-48-DDs driven 
by two 18 -in. speakers in a folded 32 - 
Hz horn) and two prototype 28 -Hz 
corner horns. Power was supplied by 
a bank of 1,200 -watt concert ampli- 
fiers, and the signal source was a Gen- 
eral Radio pink -noise generator, fil- 
tered to remove frequencies above 63 
Hz. 

During the trials, peak SPLs in ex- 
cess of 120 dB were measured in the 
theater, and the building's double 
stucco walls were given a shaking that 
could easily be felt outside the thea- 
ter. (In fact, complaints were re- 
ceived from the studio commissary, 
some 200 feet away.) Even though low 
frequency response apparently 
needed to be extended an additional 
octave to increase realism, Universal 
budgeted some $30 million for three 
films using equipment designed ex- 
pressly for the proposed system dub- 

bed Sensurround ® by Universal. 
Tape recordings of the 1971 Sylmar 

quake that rocked Southern Califor- 
nia were analyzed to determine the 
frequency distribution of the quake's 
energy, and a digital pseudorandom 
noise generator was developed to 
duplicate the signal's characteristics. 
Universal's legal staff began investi- 
gating possible liability for damage to 
theaters screening the film or per- 
sonal trauma to viewers unprepared 
for the realism of the effect. Demon- 
strations of prototype equipment 
were arranged in Brazil and New York 
to assess reaction of viewers. 

Because of the low frequency roll - 
off dictated by Motion Picture Acad- 
emy standards, direct recording of the 
effects on the sound track was ruled 
out, and a control system was de- 
signed, employing pilot tones re- 
corded on an unused audio channel 
to control the output of the effects 
generator'. 

'This roundabout method of achieving the 
desired results raises an obvious question: 
Why haven't cinema sound standards, es - 
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Belt, rim, or direct drive? 
Some reasonably unbiased comments from the people who make all three. 

Manufacturers of turntables 
with just one type of drive system 
-belt, rim, or direct-drive- 
naturally favor their own. Dual, 
however, makes all three, and we 
fully agree with Julian Hirsch 
who said: "It would make little 
difference if the platter were 
powered by well -disciplined 
hamsters on a treadmill. It is the 
end result that counts" 

The belt -drive system. 
The main benefit of the 

belt -drive system is its 
effectiveness in filtering out motor 
vibration. It is a simple system 
that can be used with light duty 
motors and platters, and lends 
itself to low-cost manufacture. 

The belt -driven Dual 601 is 

not compromised. It employs a 
high -torque 8 -pole synchronous 
motor which drives a 4.5 pound 
dynamically -balanced platter, 
taking full advantage of a heavy 
platter's flywheel effect to filter 
out speed variations. 

Thus, music lovers who 
prefer belt -drive single -play 
design can now enjoy the 

The belt -drive Dual 601. Fully automatic, single play. $270, 
including base and dust cover. 

The rim -drive Dual 1229Q. Fully automatic plus multi -play. 
$259.95, less base and dust cover. 

precision and performance of a Dual. 
The rim -drive system. 
In the rim -drive system, the platter is driven by an 

idler wheel which disengages when not in play. Since 
each part must be machined and carefully quality - 
controlled for perfect concentricity, this system is not 
inexpensive to make. When correctly made, it will 
perform not only precisely, but reliably and durably. 

More audio experts-hifi editors, record reviewers, 
engineers and music/equipment magazine readers- 
own and continue to purchase Duals (with this system) 
than any other make of quality turntable. 

The direct -drive system. 
In direct -drive systems, the motor rotates at record 

speed and drives the platter directly, without need for 
intermediate coupling. The result is a somewhat quieter 
and smoother platter rotation than is achieved with any 

The electronic direct -drive Dual 701. Fully automatic, 
singe play. $400, including base and dust cover. 

other system. But direct drive motors 
require a much more expensive 
technology. 

The most advanced of all 
direct -drive systems is in the Dual 
701. Among the exclusive features 
of its electronic motor: two sets 
of overlapping field coils that 
provide a totally gapless magnetic 

field that eliminates the successive 
pulses common to all other motor 
designs. Result: almost total 
elimination of wow and flutter. 

How drive system 
performances compare. 

As measured by the highly 
conservative European standard 
(DIN), the performances of the 
rim -drive 1229Q and the belt - 
drive 601 are identical: weighted 

rumble: -63dB; wow and flutter less 
than 0.06%. The direct -drive 701 

does even better: weighted rumble, 
-70dB; wow and flutter, less than 
0.03%. 

Although the 701 

specifications are more impressive 
than those of the 1229Q and 601, 
you are not likely to detect any 

difference unless your other 
components also meet the highest 
possible performance standards and 

you are an exceptionally critical listener. 

So much for drive systems. 
We now suggest you forget about differences 

among drive systems and simply decide which turntable 
best suits your requirements for total performance 
and convenience. 

With a reasonable amount of bias, we also suggest 
your decision can be made quite happily from among 
the three types of Duals now available: Our automatic 
models with provision for multi -play, priced from $129.95 
to $259.95. The belt -drive 601 at $270. Or the 
direct -drive 701 at $400. 

United Audio Products 
120 So. Columbus Ave., 
Mt. Vernon, N.Y. 10553 
Exclusive U.S. Distribution Agency for Dual 

Dual 
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Requirements for the effects sys- 

tems included a very high power 
amplifier which would be both stable 
and reliable under the unusual oper- 
ating conditions and a driver -enclo- 
sure combination of manageable size 
and flexibility to accommodate the 
physical demands of a variety of thea- 
ters, yet capable of propagating bass 

fundamentals down to 16 Hz in a large 
theater at levels above 110 dB. 

The difficulty of this last require- 
ment can be seen by making some 
rough calculations of the amount of 
conventional hi-fi equipment re- 
quired to do this job. A typical 10 -in. 
acoustic suspension speaker is speci- 
fied as developing 90 dB SPL in a typi- 

Fig. 1-Corner installation. 

tablished in the 1930s, been up -graded to 
keep pace with technical advances in other 
areas? The sound quality of a typical film in 
a typical theater is poor, indeed, all too 
often being inferior to that of a typical auto 
radio. This is not the fault of the basic opti- 
cal or magnetic recording system, which 
could be made to give hi-fi response, but 
rather of antiquated standards designed to 
hide the flaws in the antiquated equip- 
ment still in wide use in both film produc- 
tion and projection. The short time avail- 
able for the development of the Sensur- 
round system did not allow for the modi- 
fication of theater equipment, thus a paral- 
lel system had to be designed to run along 
beside the existing house system used for 
dialogue and music. 

cal 3,000 -cu. -ft. room with a power in- 
put of 10 watts. The response of the 
system is stated as being down 10 dB 
at 30 Hz, so using the theoretical 12 
dB/octave rolloff slope of sealed sys- 
tems, the speaker should be down at 
least 20 dB at 16 Hz. Converting deci- 
bels to power, and noting that the 
speaker handles a maximum of 100 
watts, it follows that 10 such systems 
driven at full power should be able to 
produce 90 dB at 16 Hz in the same 
room. Now consider that a good- 
sized theater has at least 50 times the 
volume of the 3,000 -cu. -ft. living 
room and that the required sound 
levels consume 100 times the power 
of this 90 dB reference. Even allowing 

At this point, the logistical prob- 
lems begin to severely reduce the 
range of solutions. For one thing, 
every theater presented a different set 
of physical restrictions and possibili- 
ties; what with 500 installations, cus- 
tom -designing a system for each was 
out of the question. Whatever the 
final solution was, it had to be easily 
produced, yet flexible enough to 
adapt to any house, and portable and 
uncomplicated enough to be set up 
quickly by relatively untrained per- 
sonnel. All things considered, the 
situation was like that faced by a 

sound contractor on a major concert 
tour. 

The horn length requirement was 

Fig. 2-Floor installation with mouth extender, generally placed behind or in 
front of screen. 

ONIOn 
perhaps 10 dB efficiency gain through 
mutual coupling of the woofers, we 
are still talking about literally thou- 
sands of these small speaker systems, 
consuming in the neighborhood of 
half a million watts of audio power for 
the required effect! And, of course, 
most of the output at this low fre- 
quency would consist of doubling and 
other distortion components. 

Considerations like these made it 
apparent that some radical improve- 
ment in conversion efficiency would 
be required to make the system prac- 
tical, for, while 5,000 watts per instal- 
lation might not be out of the ques- 
tion, 500,000 certainly would be. 
Therefore, only the most efficient de- 
vices, horns, could be considered. 
However, even this decision created 
difficulties of its own, because ac- 
cording to classical horn theory a 

mouth area of about 300 sq. ft. is re- 
quired for optimum coupling at 16 Hz 
and such a horn would also have to be 
impractically long. 

largely overcome by folding the horn, 
since the degradation of response 
caused by folding does not become 
significant in a well -designed horn 
until frequencies far above cutoff are 
reached. 

To deal with the problem of mouth 
area, use of surfaces within the build- 
ing as reflectors seemed possible. 
Horn theory shows that the required 
mouth area for optimum coupling 
strongly depends on the angle into 
which the horn is required to radiate, 
and by keeping this angle small, the 
mouth size can be reduced consider- 
ably without unduly compromising 
efficiency. For example, as implied in 
Keele [1], a horn radiating into t/e 

space (as, for example, the intersec- 
tion of the floor and walls of a square 
structure) need only have about 40 
percent of the classical mouth area for 
optimum coupling in the octave 
above cutoff. If the radiation space is 

further constrained by using a tall, 
narrow mouth spanning a good por - 

48 Check No. 11 on Reader Service Card 



For If you love listening to good music at home, you need a speaker system 
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tion of the floor -to -ceiling distance in 
a corner, good results can be ob- 
tained with much smaller horns. (The 
principal effects of too small a mouth 
are some attenuation of response in 
the region immediately above cutoff 
and a periodic fluctuation with fre- 
quency of the reflection coefficient at 
the horn mouth. Here the nature of 
the signal to be reproduced worked 
in our favor, since dips in response are 
less noticeable in this two -octave low 
frequency band of pseudorandom 
noise than with continuous tones of 
music.) 

The final corner horn design is 
a modular, folded 18 -Hz horn in a rec- 
tangular cabinet measuring 48 in. H. 
by 48 in. D. by 20 in. W., which can be 
stacked up to four high in any con- 
venient corner of the theater, with the 
mouths exhausting into the corner 

4 tt 

Fig. 3-Wall installation with mouth 
extender. 

(see Fig. 1). An alternative, though less 
effective placement in houses lack- 
ing a suitable corner is with the cab- 
inets lengthwise along the floor, with 
a wooden mouth extender attached 
(Fig. 2). This arrangement takes ad- 
vantage of one reflecting surface, the 
floor, as does the wall placement 
shown in Fig. 3. Details of an indivi- 
dual module are shown in Fig. 4. The 
18 -in. driver faces the rear of the cab- 
inet, utilizing the volume between the 
horn sections as a rear chamber. The 

driver radiates into a tightly constric- 
ted channel, which effects compres- 
sion loading, raising the overall effi- 
ciency and helping to prevent des- 
tructively large cone excursions. The 
sound path divides in two, curving 
around the speaker chamber and ex- 
panding at an 18 -Hz flare rate. 

There are two principal disadvan- 
tages to extreme compression load- 
ing: the distortion generated by the 
slightly nonlinear relationship be- 
tween pressure and volume in air, 
which gets worse as the amount of 
compression increases, and the very 
small effective throat area that comes 
with high constriction requires an in- 
creased length for a given flare rate 
and mouth area. Distortion and re- 
quired horn length are both de- 
creased by a large throat, but the air 
load on the driver falls off so fast that 
bottoming of the suspension be- 
comes a problem and efficiency suf- 
fers as well. Thus, any compression 
loading design involves a compro- 
mise in the attempt to maintain good 
loading down to the horn cutoff fre- 

48 in. 

48 in 

Fig. 4-Cross-section of a single module. 

quency and still have acceptably low 
distortion. 

Perhaps the most challenging prob- 
lem relating to the speakers was des- 
igning a driver which could handle 
the extremely low frequency range at 
the high power levels required. The 
system's specifications stipulate that 
each driver used must handle 11/2 -in. 
peak -to -peak excursions during the 
20 -Hz, 600 -watt free -air burn -in per- 
iod during final testing. (This works 
out to over 300 -cu. -in. displacement 
per cycle-comparable to a good- 
sized automobile engine!) In actual 
use, the drivers must be able to sus- 
tain a 300 -watt average power input 
with a high peak -to -average ratio 
without failure. 

Of the two chief modes of failure, 
electrical burnout and mechanical 
failure, only the latter proved to be a 

problem. While we had already pro- 
duced voice coils capable of dissipa- 
ting 1,000 watts indefinitely without 
burning out, the very long excursions 
and heavy driving impulses devel- 
oped by the speaker's motor assem- 
bly' tended to make short work of 
stock cones, surrounds, and spiders. 
After experimentation, a combina- 
tion of cone and suspension and poly- 
mer treatments was found that 
yielded adequate excursion capabil- 
ity and an acceptably low failure rate. 

With the transducer problems 
solved, we turned to the amplifier, 
beginning with a prototype unit in- 
tended for home hi-fi and commer- 
cial sound use. This unit, the A-3000, 
delivers about 750 watts per channel 
into a 4 -ohm load, and this seemed 
reasonably well suited to the require- 
ments of the system. It probably 
would have been easier and less ex- 
pensive to design a special amplifier 
solely for this use, with a 1 kHz power 
bandwidth, for example, since wide - 
band designs using high power, but 
slow operating speed transistors are 
prone to output stage failure unless 
adequate precautions are taken. One 
protective measure built into the A- 
3000 is output slew rate limiting, using 
networks designed to keep the out- 
put transistors from being driven to 
saturation when handling very fast 
transients. Since a saturated transistor 
has a much higher internal capaci- 
tance than an unsaturated one, the 
drive current required to charge and 
discharge this capacitance is greatly 

'A widely used method of rating loud- 
speaker motor efficiency is the "BL prod- 
uct," obtained by multiplying the magne- 
tic flux density, B, in the voice coil gap (in 
Webers/meter') by the length, L, of voice 
coil wire residing in the gap (meters). The 
resulting quantity is an expression of the 
driving force (in Newtons) produced per 
ampere of voice coil current. The BL prod- 
uct of the Earthquake speakers is 44 N/A or 
about 10 lbs./A, as compared with 5 to 10 
N/A for a typical low efficiency hi-fi 
woofer. 

If Academy standards, down 3 dB at 60 
Hz, could be up -dated to provide 11/2 addi- 
tional octaves of bass, 25 to 70 Hz, and one 
more octave of treble, 8 to 16 kHz, with 
perhaps an additional 20 dB of dynamic 
range, the door would be opened to a 

whole new dimension in cinema realism. 
Even films not dubbed for such a system 
would benefit considerably from it. Along 
with many others, we feel that the film in- 
dustry is doing itself a great disservice by 
not up -grading its audio standards. The 
push for better TV sound is already on; 
why not films? 

50 AUDIO APRIL, 1975 



Your experience has taught you 
the things that make a FINE microphone. 
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reduced, taking much of the strain off 
both driver and output transistors 
during high speed transitions. 

A volt -amp limiting circuit is also 
used in this amplifier. Conventional 
circuits of this type sense output cur- 
rent, which is fine for purely resistive 
loads (since the load current is always 
precisely in phase with the output vol- 
tage). But most speakers, and par- 
ticularly those used in the Sensur- 
round system, exhibit a highly reac- 
tive impedance at resonance, mean- 
ing that the amplifier's output stage 

may be called upon to withstand 
near -peak current and voltage simul- 
taneously. A simple limiter circuit 
sensing only current cannot respond 
to this condition and will remain 
cheerfully idle while the junctions 
melt in the output devices. The Á- 
3000's system senses a weighted com- 
bination of output voltage and cur- 
rent, and whenever this combination 
begins to cross the safe -area limits, 
the protection circuitry removes the 
drive signal from the amplifier. 

Many have raised questions about 
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the safety of the system, fearing that 
some of the old theaters may suffer 
structural damage under the batter- 
ing of high energy sound waves. This 
was researched and the consensus of 
the engineers was that these fears are 
unfounded. The main structural 
members of virtually all buildings 
resonate below about 6 Hz, and the 
Sensurround system puts out virtu- 
ally no energy below 16 Hz. During 
the tests at Grauman's Chinese Thea- 
ter in Hollywood, however, it was 
necessary to install a net to catch small 
pieces of the elaborate ceiling mold- 
ings which began falling, shaken loose 
by Earthquake after decades of sur- 
viving real earthquakes. 

One interesting sidelight had to do 
with the production of the sound 
track album for the film. In attempt- 
ing to get the quake effects on disc, 
output from the noise generator was 
first transferred to a studio tape mach- 
ine with flat response to 20 Hz. It 
proved impossible to cut a master lac- 
quer using conventional mastering 
techniques with this tape because the 
high amplitude, low frequency ex- 
cursions in the signal confused the 
automatic depth and pitch control 
system of the cutting lathe, which is 

almost never called upon to handle a 

signal below 30 Hz. The solution was 
to use the manual override of the 
machine, which is normally used only 
at the beginning of a band to prevent 
pre -echo, to obtain wide enough 
spacing of the grooves to handle the 
unequalized signal. The final result on 
the disc was a band lasting 2:42, but 
wide enough for some five to six min- 
utes of more typical program mater- 
ial. It should provide an interesting 
test of the low frequency perform- 
ance of any sound system. 

Development work done since the 
system for the theaters was produced 
has yielded a Super Earthquake 
horn-a multiple -fold configuration 
in a slightly larger cabinet, using a 

higher BL woofer. The design is 2 dB 
more efficient than the original and 
boasts lower distortion, 4 dB higher 
output capability, and virtually flat 
response from 20 to 250 Hz. Unlike 
the earlier design, this new horn's dri- 
ver is not excursion limited at the bot- 
tom of its frequency range and thus is 

less susceptible to overexcursion and 
bottoming. Plans are to make it avail- 
able on a special order basis for such 
applications as organ reproduction 
and ultra -low frequency reinforce- 
ment. 

Reference 
[1] Keele, D.B., Jr. Optimum Horn 
Mouth Size, A.E.S. Preprint No. 933 
(B-7), 1973. 
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\VSI BCE 
SO,:\ 
For the first time in your life, you can hear music the way it was recorded. 

Until now, the very best high fidelity loudspeakers have been described as transparent. 
We've taken a giant step beyond transparency -to the Invisible Sound of ADS and 
BRAUN speakers. 

Music passes through our speakers with such natural clarity the speakers seem to 
disappear. Once you experience the ear -opening sound of live -quality music in your own 
living room, you'll never be satisfied with conventional speakers again. 

The Invisible Sound of ADS emanates from the genius of chief designer, Franz Petrik-whose 
ears, by the way, are insured by Lloyd's of London. 

Franz Petrik has developed a 1 -inch soff -dome tweeter so light it behaves like it has no 
mass at all. He's designed a 2 -inch midrange dome with such wide dispersion it radiates 
nine times as much power as a conventional cone driver of the same area. He's come up 
with a revolutionary new sealing fluid which damps our dome drivers so well they have 
amplifier -like ultra -low distortion. And he's responsible for our exclusive woofer cone 
compound which is rigid at low frequencies and self -damping at high frequencies. These 
are a few examples of the kind of innovative design and precision engineering which 
make the ideal invisibility of ADS and BRAUN sound a reality 

We'll be happy to describe our complete line of speakers in detail, and send you the names 
of the selected group of ADS dealers in your city. Write: ADS, Analog & Digital Systems, Inc. 

(ADS & BRAUN Loudspeakers), 377 Putnam Avenue, Cambridge, Massachusetts 02139. 
Phone: 617/492-0970. 

TI SO\J\DOFADSA\D BRflUn 
Check No. 9 on Reader Service Card 



Equipment Profiles 
Elekt-O-Fonie Model FU -100 
Octaphonic Receiver 

Front panel view of Ultima One, a lineal predecessor of the 
Elect-O-Fonie Octaphonic Receiver. 

MANUFACTURER'S SPECIFICATIONS 

Amplifier Section 
Power Output: 500,000,000 ergs/second per channel, meas- 
ured with one channel operating intermittently. Rated Har- 
monic Distortion: 0.0003%. IM Distortion: 0.0002%. Fre- 
quency Response: 2 Hz to UHF TV channel 82 ±0.5 dB. 
Tuner Section 
FM Sensitivity: -1.0 microvolts (actually supplies signal back 
to the broadcast station. Signal -To -Noise Ratio: -100 dB, 
with a.c. switch in Off position. Stereo Separation: At least 
10 ft., depending on room size. Image Rejection: -100 dB, 
when cabinet is polished with Pledge. Dimensions: 508 mm 
H. x 254 mm W. x 400 mm D. Weight: In carton, 280 lbs.; net, 
3 lbs., 4 oz. Price: $6,972.95. 

Impressed with the advertised specifications of this eight 
channel unit, a randomly selected sample was supplied to 
our laboratories by the manufacturer. We would have 
wished to supply photos of the inside of the unit, but the 
manufacturer was late in supplying our sample because they 
were waiting for parts with which to complete this specially 
selected random prototype unit. 

The front panel of the unit is especially impressive. Be- 
sides the 108 knobs and switches which have been human - 
engineered into this instrument, an accessory kit including 8 

additional knobs equipped with self-adhesive backing is in- 

cluded. These additional knobs can be affixed to empty 
spots on the panel at the user's discretion. 

The rear panel includes 23 necessary jacks and terminals 
as well as 15 useless ones. The latter connectors may be used 
to store Q -tips, used phono styli, and the ends of spare 
audio cables. 

Circuit Highlights 
The "front-end" of the FU -100 consists, essentially of a 

piece of Rochelle salt crystal, with a carefully mounted cat's 
whisker, coupled to a massive tuning knob and flywheel ar- 
rangement. The flywheel action is so smooth that one quick 
twist of the knob (and quick manual release) enables you to 
spin it some 142 complete revolutions or from 88 MHz up to 
microwave radar frequencies. 

Each of the eight amplifier channels uses a new device, 
which, the manufacturer reports, has several advantages 
over transistors or integrated circuits. Mounted in sockets, 
for easy replacement, the new amplifying device has tenta- 
tively been given the name Vacuum Tube.® 

Laboratory Measurements 
We put the receiver through its paces in our lab with the 

following results. At an output level of 10 watts, distortion 
measured 10%. At 100 watts, distortion increased to 100%. 
Having established this one-to-one relationship between 
percentage distortion and wattage output, we realized that 
at 200 watts, distortion would be expected to read 200%. 
Since this is impossible, we concluded that our test equip- 
ment is at fault, and therefore accept the manufacturer's 
published claim of 0.0003% total distortion. 

As for hum level, with our three technicians humming 
along for reference level, the hum measured was exactly at a 
frequency of 60 Hz, as was to be expected. With the muting 
switch turned on, there was absolutely no sound heard be- 
tween stations on the dial. (This test was confined to listen- 
ing for noise between stations. We therefore cannot draw 
any conclusions regarding sounds heard when attempting 
to tune in a station.) 

As for preamplifier measurements, we applied a signal to 
the phono inputs and found that the equalization charac- 
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Fig. 1-Harmonic and intermodulation distortion charac- 
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