
leeieed- xfeafree a,ie2(474+ 

n all> 
4 

air 
ip 

11111111111111thir 

e it bee tt 



UP TI.. 6 WATTS 

POWER OUTPUT 

"HOT" SOLO... and as he dips low, then soars high, the 
excitement mounts ! Capturing the realism of a thrilling musical experience 
truly tests any high -quality audio amplifier you design. Meet the challenge 
with ease by designing around the RCA -7027-A. Two of these "star 
performers", in Class AB, push-pull service, for example, can deliver up 
to 76 watts of audio power with only 2% distortion! 
Structural features which make such performance possible include : heavy 
copper -core stem leads, low -thermal -resistance plate material, metal -base 
sleeve, radiating fins on control grid, and double base -pin connections for 
both control grid and screen grid. 
So for high power and low distortion in your quality audio -amplifier designs, 
consider the RCA -7027-A. Check the data at right, then, for further 
information, ask your RCA Field Representative or write RCA Commercial Engineering, Section (; 9 1 I) I-: Harrison, New Jersey. 

eeili RADIO CORPORATION OF AMERICA 
leak Electron Tube Division Harrison, N. J. 

RCA -7027-A beam power tube offers 
new high -power capabilities in high - 
quality audio amplifiers: 

Design -Maximum Ratings: 
Plate Volts 600 
Grid -No. 2 Volts 500 
Plate Dissipation (Watts) 35 
Grid -No. 2 Input (Watts) 5 

Typical Operation in Class AB: 
Push -Pull Service: 
Plate Volts ..._ _ 540 
Peak AF Grid -No. 1 to 

Grid No. 1 Volts 76 
Total Harmonic Distortion (%) __ 2 
Max, -Sig. Power Output (Watts) 76 

EAST: 

MIDWEST: 

WEST: 

FIELD OFF CES 

744 Broad Street 
Newark 2, New Jersey 
HUmboldt 5-3900 
Suite 1154, Merchandise Mort Plaza, 
Chicago 54, Illinois 
WHitehall 4-2900 

6355 E. Washington Blvd. 
Los Angeles 22, Calif. 
RAymond 3-lä-361 
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What snakes Garrard Record Players the 

finest in the world? 

One could say it is the patient attention to 
detail so apparent in any Garrard design ...or, 
the painstaking quality control techniques 
followed in the manufacture of all Garrard 
products ...but, an equally significant factor 
would be the matter of Garrard service and 
spare parts! 

Like all other record players, Garrard models 
are mechanical devices, ultimately requiring 
some form of service or adjustment. But, 
unlike all other record players...a Garrard 
lasts longer before needing service... and 
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when the time comes, Garrard owners are 
taken care of magnificently. There is a 
nationwide network of authorized spare parts 
and service stations ready to serve at all times. 
Moreover, an all-inclusive storehouse of 
Garrard parts covering all models is rigor- 
ously maintained. Never has a Garrard owner 
failed to realize continued satisfaction from 
the Garrard player he purchased. Proof of 
this is contained in the files of our Service 
Department ...a department with its own 
reputation in direct parallel to that of the 
Garrard product. 

We are pleased to reproduce here excerpts 
from a few of the unsolicited letters sent to 
us... 

sss 
"Last Monday I telephoned your office to request 
a selector arm extension cap to replace the one 
which had become displaced or lost on my 
Garrard changer. It arrived in the mail this morn- 
ing, and to my additional pleasure, I see that you 
have supplied it without charge. This letter is to 
let you know how much I appreciate your send- 
ing it along so promptly. Such responsible servic- 
ing is unusual nowadays, and all the more satis- 
fying when encountered. With Sincere Thanks." 

W.N.J., New York sss 
"/ anz sincerely at a loss for words in thanking 
you for the work and parts put into my Garrard 
changer #98 (purchased three years ago) sent in 
for examination. You have just inherited a living, 
breathing, walking testimonial and goodwill am- 
bassador... for life." 

E.J.B., Chicago 
sss 

"Please accept my belated, but most sincere 
thanks for sending me a replacement for my 
speed control on my Garrard RC -98. This was a 
most unexpected pleasure. It shows that when one 
buys the best that one also gets better than best 
service. The Garrard player now works perfectly, 
thanks to you...and I love it." 

K.F.B., Severna Pk., Md. 
sss 



"I have received and installed the Garrard RC -80 
motor and Irish to report that it is in fine work- 
ing condition. it is very rare nowadays that one 
finds a company such as yours that is willing to 
stand behind their product to the extent that you 
have and when one does, I Hurst express sincere 
appreciation. When my friends discuss high fidel- 
ity equipment and the various components, I 
shall remember the fine treatment and personal 
service that the Garrard Sales Corporation has 
given me. Thanks again, not only for a fine prod- 
uct but for an equally fine company." 

R.D.E., Ann Arbor, Mich. 
*** 

"lt is a pleasure to do business with a firm such 
as yours that is ready to stand back of any service 
needs, and we would certainly recommend 
Garrard to anyone assembling their own record 
playing equipment." 

W.E.C., Oak Park, Ill. *** 
"Your organization is to be highly complimented 
for the ,manner in which you handled my prob- 
lem, and you can rest assured Garrard products 
are tops as far as I an concerned and in my 
discussions with !hi-fi users." 

F.P., Anderson, Ind. *** 
..The RC -80 turntable you shipped out to me 

is almost as true as a transcription table.... Before 
closing may I add that you, your service and 
Garrard will always remain high in my estima- 
tion. Thanking you again." 

*** 
"We wish to express our appreciation of the 
prompt and very satisfactory service given to us 
by Garrard in repairing and returning our record 
player." 

H.L.H., Camp Hill, Pa. 

A.S., Brooklyn, N. Y. 

*** 
"This letter is in regard to all of our correspond- 
ence. I should like to express my appreciation for 
the service which you gave me and your coopera- 
tion in this matter. It has been a pleasure doing 
business with your company." 

F.A.O., Galesburg, ill. *5* 
"...May I thank you again for your personal 
attention to this matter and for your extra kind- 
ness in invoicing the material rather than holding 
up delivery to rte." 

C.W., Brooklyn, N.Y. 
*5* 

..I should like you to know that 1 an grateful 
to you for your kindness. When the opportunity 
arises you may he assured that 1 shall always have 
a praiseworthy word to say on behalf of 
GARRARD." 

R.S.V., Brockville, Ontario 
*5* 

../ am very happy with your handling of this 
matter, and 1 shall not hesitate to recommend 
your company to any of my friends who want a 
reliable concern." 

D.H., Yoder, Ind. 
*5* 

..1 wish to express nny sincere appreciation for 
your kind and prompt response in my behalf. 
Your effort to maintain good customer relation- 
ship will certainly he ,made known to all of my 
many audiophile friends." 

V.R.M., San Rafael. Calif. 
*** 

"1 am completely satisfied as to your handling 
of this matter. Just last week (as a result of my 
own treatment) I persuaded a fellow officer to 
purchase your RC -98. I plan a similar purchase 
in June. i remain 'a hearty endorser of 
GARRARD'." 

Lt. W.B.R., APO, New York, N. Y. 

It may interest, you to know that almost all 
of the units referred to in the letters are three 
or more years old. As a matter of fact, the 
Garrard Service Department often handles 
models that have seen as much as two dec- 
ades of play. For example, the aristocratic 
RC30's and RC65's of the 78 rpm days. still 
in daily use, are brought in for checkups and 
adjustment from time to time. Convenient 
service and replacement of parts is. of course. 
the guarantee of continued satisfaction with 
any fine mechanism, and Garrard record play- 
ers hold their pre-eminent position through 
the finest service facilities and spare parts 
stocks in the high fidelity industry... the facil- 
ities of British Industries Corporation. 

:,,o 

For your free 
Garrard Comparator Guide 

Address Dept. GG 19 

- GARRARD SALES CORPORATION, 

Port Washington, N. Y. 
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Discover for yourself why Sherwood 
is the most honored line of high fidel- 
ity components in the field. Sherwood 
Tuners (the first ever to achieve sensi- 
tivity under 0.95 microvolts) feature: 
Inter -Channel Hush, a noise muting 
system which makes FM tuning easier 
than ever FM Multiplex Output 
"Feather -Ray" Tuning Eye Automatic 
Frequency Control Flywheel Tuning. 
Combine these tuners with either of 
Sherwood's "mated" stereo amplifier 
choices; 20+20 watts or 36+36 
watts. And only Sherwood offers all 
these features: Single/Dual Bass & 

Treble Controls Mid -Range Presence 

Rise Stereo -Mono Function Indicator 
Lights Phase -Reverse Switch 
Damping Factor selection. Sherwood 

also offers either 36 or 60 watt mon- 

aural amplifiers, FM Multiplex Adapters 
and a complete decorator -styled line of 
cabinetry and 3 -way speaker systems- 
The Finest in High Fidelity. Sherwood 
Electronic Laboratories, Inc., 4300 N. 

California Avenue, Chicago 18, Illinois. 

Model S-5000. 20 + 20W Stereo Dual Amplifier --$189.50 

1111 Await 

Model S-3000 H, FM Tuner -5105.50 
......._...... 

s 

Model 1-4400, Stereo 36W Amp. 

Model S-2000 ll. IM -AM Tuner -5145 50 

ellE111111111111111111fe 

Model S-100013, 36W Monaural Amplifier -5109 50 

only for those who want the ultimate: 

STEREO 

For complete technical details write Dept. Ai. 

AUDIO JULY, 1959 1 



GRADO 

... takes pride in announcing 
a new Custom Series Stereo 
Cartridge. The Grado "Cus- 
tom" was designed for the 
selective audiophile who de- 
sires excellent reproduction 
at a moderate cost. With its 

excellent tracking ability and 
extremely low distortion, the 
new Custom Stereo Cartridge 
becomes a perfect compan- 
ion to the widely acclaimed 
Grado "Master" Stereo Car- 
tridge. Because of small mov- 
ing masses and low tracking 
forces, stylus wear is virtually 
nonexistent. Grado Labora- 
tories now guarantees all of 
the stereo diamond stylii for 
a period of 5 years from date 
of manufacture. 

A greatly improved Grado 
Tone Arm is now available. It 

is dynamically balanced and 
features a new micrometer 
tracking force adjustment. 
Stylus force accuracy of 
tenths of grams may now be 
achieved with complete sim- 

plicity. Also new is a stainless 
steel arm rest lock. All present 
Grado Tone Arms can be 
modified. 

Master Stereo Cartridge . . . $49.50 
Custom Stereo Cartridge . . $32.50 
Micrometer Stereo Tone Arm $29.95 

For further details write to: 

GRADO LABORATORIES, INC. 

4614 7th Avenue Brooklyn 20, New York 

Export-Simontrice, 25 Warren St., N.Y. C. 

AUDIOCLI N IC?? 
JOSEPH GIOVANELLI' 

For Your Information Again 

Earlier readers of AUDIOCLINIC have read 
these words before. Because of our many 
new readers, however, a restatement of 
these ideas seems in order. 

It is the policy of AUDIOCLINIC that all 
letters to this column should receive indi- 
vidual answers regardless of the suitability 
of the material for inclusion in the column 
itself. Because of the increasing volume of 
this correspondence, a quick response is not 
always possible. Please be patient; an 
answer will come unless, as sometimes hap- 
pens, no reply is possible because of in- 
correct address, handwriting which cannot 
be read, and so on. 

Enclosure of a stamped, self-addressed 
envelope will facilitate answering. Please 
address all mail directly to the writer at 
the address below instead of to AUDIO. 

The following questions were submitted 
by Mr. D. M. Anglin, Seattle, Washington. 

Amplifier Ground Systems 

Q. For stereo I wish to construct two 
identical power amplifiers on one chassis. 
I use a bus bar for the ground lead in all 
units I build, and ground it on the chassis 
at one point only. If I use one bus bar as 
a common ground for both units, would 
that be a hum hazard when this one -point 
chassis ground is used? Would it be better 
to use a bus bar for each unit and ground 
them both at one common chassis point? 

A. In regard to the use of bus bars, I 
recommend that you use two separate 
ground systems-one for each stereo unit. 
As a matter of fact, you can do a cleaner 
job by not using a bus bar system at all. 
It would be advisable to ground the wire 
to one point on the chassis, but rather than 
run it in the form of a bus, use insulated 
wire and run it along the chassis. Ground 
points may then be brought from this wire 
and connected to insulated tie lugs-which, 
in turn, can be mounted in the proper 
location with respect to the circuit ele- 
ments. 

Automatic Loudness Control 

Q. Would an automatic loudness control 
be of value in either a stereophonic or a 
monophonic system? 

A. I do not recommend automatic loud- 
ness controls. At a live concert, the listener 
has no means of automatic loudness com- 
pensation with changes in musical dy- 
namics. Therefore, when such a device is 
introduced into a home music system, the 
results are artificial. This is true regardless 
of whether the material being listened to 
is monophonic or stereophonic. 

Ganged Potentiometers 

Q. Can a ganged volume control be used 
successfully with a preamplifier whose 
balance is adjusted by means of the power 
amplifier's volume controls? May the bass 
and treble controls be ganged or should 

* 3420 Newkirk Ave., Brooklyn 3, N. Y. 

they be separate? Is there really so much 
difference in the bass and treble channels 
that a ganged control will fail to adjust it? 

A. Commercially available ganged con- 
trols rarely track properly. This means that 
the change of resistance in one section of 
ganged potentiometer with a given amount 
of shaft rotation will not be equal to the 
change of resistance of the other section 
of the potentiometer with the same amount 
of rotation. This holds for volume as well 
as tone -control circuits. It is the reason 
why Marantz and others have resorted to 
the use of ganged step switches in their 
equipment. Ampex uses potentiometers 
fitted with taps from which resistors are 
shunted to ground. These cause the poten- 
tiometer to track more uniformly. There- 
fore, if you wish to gang your tone con- 
trols, bear in mind that some compensation 
for tracking error may be required. 

An added disadvantage of ganged 
volume controls stems from an inability to 
balance the two stereo channels with each 
other. A balance which is correct for ono 
stereo tape or disc may not be correct for 
the next one played. I therefore recommend 
the use of either separate volume controls 
or a special balance control. An interesting 
balance circuit can be found in AUDIO - 
CLINIC for June, 1959. 

45-45 Stereo 

Q. Since the vertical channel seems to 
have less frequency response than does the 
horizontal channel, I am using my 12 -inch 
speaker and a tweeter for that channel and 
my 15 -inch woofer and a tweeter for the 
other. Will I be able to get some sort of 
match with that combination? 

A. Stereo discs are recorded with each 
channel 45 degrees from a horizontal line 
or, to put it another way, at 45 degrees 
from a vertical line. Therefore, each chan- 
nel is identical, rather than one being 
vertically oriented and the other hori- 
zontally oriented. Since the two channels 
are identical, their frequency responses are 
identical. For this reason, you need no 
more frequency correction for one channel 
than you do for the other. Hence, your 
speakers should be matched as closely as 
possible. Your tone controls should be set 
to the same equalization point. The degree 
to which the sound in each channel can be 
matched depends partly upon the similarity 
of the speakers. For instance, when the two 
speakers are manufactured by the same 
firm there is often a family resemblance in 
their sound qualities regardless of their 
variation of operating parameters. When 
the speakers are dissimilar, sometimes a 
fair match may be achieved by varying the 
equalization of one channel or the other. 

3 -Pin Stereo Cartridge 

Q. Would a two -conductor shielded cable 
be useful when used with a 3 -pin stereo 
cartridge? 

A. When using stereo cartridges em- 
ploying three terminals, it is common prac- 
tice to employ two -conductor shielded 
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Cartridge in 

GARRARD SHELL 

"Nothing Short of Superb," 
says Raymond E. Ward, 

Dstributor-Sales Mgr., Shure Brothers, Inc. 
"That's our unanimous verdict on the results we have 
had with the Garrards used for laboratory testing of 
our new Stereo Dynetic Cartridges. Because we 
can rely on Garrard's precision construction and 
consistently accurate performance, we have been able 
to concentrate fully on developing the exceptional scund 
reprocuction Garrard and Shure users expect ...and get. Now, 
our sales records show that more of our new cartridges are 
being installed in Garrard Record Changers than in any other 
changsr or turntable. This is only natural, because they 
work so well together." 

"Complaints from Garrard 
Users? Practically Zero!" 

says Joseph Pickert, 
Mgr., Service Dept., Shure Brothers, Inc. 

"That's right! Garrard owners who install the new 
Shure Stereo Dynetic Cartridge get such perfect sound 

reproduction that we rarely get a complaint. The exact 
fit of the cartridge in the Garrard shell, the precision mounting 

of the tone arm, the controlled arm action and tracking at 
the lightest specified weight mean longer life for cartridge 

and records...along with the finest audio for 
stereo and monaural." 

What Mr. Ward and Mr. Pickert say about the Garrard Changer-for stereo-is typical of its 
universal acceptance by component manufacturers and high fidelity enthusiasts. 
In fact, more Garrard Changers are sold today as components for stereo-than all other turntables 
and That's why-before you buy-you should see and hear stereo records 

played on a Garrard Changer such as the incomparable RCS. 

The same reasons why Garrard Changers perform so well 
wish Shure Dynetic Stereo Cartridges account for Garrard's 
popularity with all other manufacturers of fine stereo 
cartridges--Electro-Voice, Fairchild, General Electric, 
Pickering, etc. 
V it ration -free turntable. 
Vertical and lateral rumble completely inaudible. Wow 
and flutter far below exacting "broadcast tolerance" stcndards. 
Exclusive Aluminum tone arm precision -mounted at 
engineering works for optimum tracking angle, perfect sound 
reproduction. 
Unrestricted choice of stereo cartridges-any of them will 
tra_k at the manufacturer's lightest specified weight. 
Record handling gentler than the surest human hand. 
The important convenience of manual play plus completely 
automatic operation without compromise in performance.. 
These are the FACTS, no one can deny them with authority- 
and they are backed by the 36 years of experience that have 
created Garrard's unique reputation for unsurpassed quality. 

re's a Garr. idel 

TPA/12 
Stereo 
Tone arm 

For the best in Stereo... 
Insist on a 

CHANGER 
THE WORLD'S FINEST! 

Send for free Garrord Comparator Guide. 

Your Nome 

Address 

City Stale 

Moil to Dept. GG -19 0t address below. 

naural records. 
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$89.00 $59.50 
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Canodion inquiries tc Chu,. W. Poinlon, Ltd., 6 Alcino Ave., Toronto 

Territories other thon U.S.A. and Canada to Garrard Engineering & Nfg. Co., Ltd., Swindon, Wills., England 



risky? 

Not for the lion. And the wrong P.A. 
speaker can swallow your profits just 
as fast. But you take no risks with 
University, because you can choose 
the one right speaker for the job. The 
world's most comprehensive lion of 
P.A. speakers is described in Univer- 
sity's new product catalog. It's FREE. 
Also, invest $1 in the all -new 64 -page 
University Technilog, the authorita- 
tive reference book for planning P.A. 
speaker installations. See your local 
distributor, or write Desk R-3, 
University Loudspeakers, Inc., 80 So. 
Kensico Avenue, White Plains, N. Y. 
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THE WORLD'S MOST COMPLETE LINE 
RADIAL HIGH FIDELITY WEATHERPROOF PAGING 
WIDE-ANGLE SUPER -POWER SUBMERGENCE -PROOF 
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cable with the shield serving as ground 
for both channels. It would be better, 
however, to use three -conductor shielded 
wire with one of the conductors serving 
as ground for both channels with the 
shield grounded only at one preamplifier 
input. However, if this cable is too thick, 
the freedom of the tone arm to move will 
be impaired with a consequent increase in 
distortion and possible damage to dises. 

About Transformers 

Q. 1. In power transformer specifica- 
tions does the phrase, "50 volts CT" mean 
50 volts across the outside connections of 
that particular winding and 25 volts from 
centertap to either of the outside windings? 

2. When the impedance of the primary 
of a coupling transformer is 100 ohms CT, 
does this mean 100 ohms across the com- 
plete winding or 100 ohms on either side of 
the centertap? 

3. What is meant by the term given in 
coupling transformer specifications: "max- 
imum unbalanced d.c. ma in the primary?" 
F. C. F., Aberdeen, Md. 

A. 1. When a power transformer is 
rated as being 50 volts centertapped, it 
means that this transformer gives 25 v. 
each side of center, and the full 50 volts 
appear across the winding. 

2. The same situation holds for the pri- 
mary impedance of a coupling transformer. 
If this impedance is 100 ohms centertap- 
ped, 25 ohms will appear between each end 
of the winding and its eentertap. You 
might at first suspect that this impedance 
is 50 ohms each side of center, but this is 

not the ease, because the impedance is equal 
to the square of the turns. This means that 
when the number of turns is doubled 
(which is the case of the complete winding 
in relation to one end of it and the center - 

tap) the impedance goes up by a factor of 
4. 

3. The unbalanced current in the pri- 
mary or secondary of a coupling transfor- 
mer refers to the maximum d.c. which is 
passed through the winding of a single - 
ended circuit without saturating the iron 
core magnetically. The balanced current is 
always higher than the unbalanced current 
because the current in a push-pull circuit 
is oppositely polarized in each half of the 
winding. This cancels the magnetizing 
force to a considerable extent, allowing a 
higher current to be passed through the 
transformer winding without undesirable 
saturation. 

Erratum 

The March, 1959 installment of this 
column contains a discussion of loudspeaker 
efficiency in which it is stated that the 
efficiency of any device is equal to the 
power fed into it divided by its power 
yield. One of our readers pointed out that 
this word formula should read the other 
way around: Efficiency is equal to the 
power yield of a device divided by the 
power fed into it. He's quite correct, and 
we thank him for his observation. If there 
are others among you who wish to comment 
-good or bad-we will be sincerely inter- 
ested in hearing from you. J.G. 

NEW LITERATURE 
Jensen Manufacturing Company, 6601 S. 

Laramie Ave., Chicago 38, Ill., will mail 
Brochure KK, an illustrated sheet cover- 
ing the new DF-1 Duette speaker system, 
without cost or obligation. This latest 
Duette model is an economically priced 
full two-way system featuring wide fre- 
quency range with clean bass response 
down to 36 cps. It is well illustrated and 
thoroughly described in the brochure. G-1 

Unimaa Switch Division, The W. L. 
Maxson Corporation, Ives Road, Walling- 
ford, Conn., introduces an extensive line 
of subminiature switches which meet 
Military Specifications for a wide variety 
of rigorous services in Catalog No. 159. 
Convenient pictorial index shows where 
to find dimensional drawings, descrip- 
tions, force and movement specification 
tables, and electrical ratings for each 
Unimax switch listed. Data on bases, ter- 
minals, circuit arrangements and NEMA 
standard definitions of sensitive switch 
terms are also included. Requests for 
copies should be directed to the attention 
of Mr. J. Martinez. G-2 

Atlas Sound Corporation, 1449 39th St., 
Brooklyn 18, N. Y., illustrates and de- 
scribes its complete line of commercial 
sound equipment in a 16 -page two-color 
catalog which is now available. The cata- 
log also commemorates the company's 
twenty-fifth anniversary as an industry 
leader in its field. Included in the publi- 
cation are explanatory technical diagrams 
and full specifications on all Atlas loud- 
speakers, transformers, driver units, and 
speaker and microphone mounting acces- 
sories. Among new models introduced for 
the first time this year is a Decor speaker 
for attractive interior installation. Cata- 
log No. 559 may be obtained without cost 
by writing to the address shown above. 

G-3 

Lippe, Inc., a division of Lipps Engi- 
neering, 1513 Colorado Ave., Santa Monica, 
Calif., announces the publication and 
availability of a 4 -page brochure describ- 
ing a new replacement and repair service 
now available to owners and users of 
Ampex professional and instrumentation 
recording equipment. Requests for copies 
should specify Bulletin AM -22. G-4 

Electro-Voice, Inc., Buchanan, Mich., is 
now releasing Bulletin 258A, a new sales 
folder describing the E -V line of public- 
address equipment. This publication gives 
full information on compound diffraction 
projectors, paging units, outdoor speaker 
systems, accessories, and microphones. A 
copy of Bulletin 258A will be mailed upon 
written request. G-5 

Telectrosonic Corporation, 35-16 37th 
St., Long Island City 1, N.Y., describes 
and illustrates its new line of tape re- 
corders in a 12 -page consumer brochure 
which has just been published. The book- 
let is divided into two sections, the first 
of which is devoted to the enjoyment and 
advantages found In tape recording. Sec- 
tion Two is concerned with the five con- 
sumer models now made by Telectro. The 
brochure is amply illustrated with photo- 
graphs and descriptive line drawings 
showing the units and the operation of 
their various features. Available free upon 
written request. G-6 

The Tape Recorder Club, 73 Grand 
Parade, Harringway, London, N.4, Eng- 
land, has published the latest issue of its 
Club Bulletin. A large number of the 
Club's members are "very keen to make 
contact with American tape recorder own- 
ers," and with this thought in mind D. V. 
Lane, Principal, has asked that we bring 
the matter to the attention of our read- 
ers. Letters of inquiry should be ad- 
dressed to Mr. Lane at the address shown 
above. 
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the all -new 
VR -22 
stereo 

cartridge. 

VR -225 .5 mil diamond stylus. For pro- 
fessional -type tone arms, $27.95. 

VR -227 .7 mil diamond stylus. For 
record changer or turntable, $24.95. 

Now, outstanding in all four critical areas of stereo cartridge performance--Compliance-Tracks 
precisely, not a trace of stiffness. Channel Separation-Up to 30 db for maximum stereo effect. 
Nothing higher on the market! Response-Smooth and flat for superior sound from 20 to 20,000 
cycles (VR -225), 20 to 11,000 cycles (VR -227). Virtually hum-free-triple shielded against stray 
currents. This is our masterpiece. We urge you to hear it. 

GENERAL ELECTRIC 
Audio Components Section, Auburn, N. Y. 
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for less work and more play 

GET THE TURNTABLE 

THAT CHANGES RECORDS! 

MIRACORD XS -200 

No turntable and no record player, 
in the history of high fidelity, gives 
you more quality and more features 
than the famous MIRACORD XS -200! 

heavyweight, professional -type turn- 
table-and a fully -automatic changer! 
plays both stereo and monophonic! 
push-button controlled throughout! 
Magic Wand spindles eliminate 
pusher platforms and stabilizing 
arms! 
intermixes 10" and 12"; plays all 
4 speeds; has a 4 -pole motor! 
even as a turntable it shuts off 
automatically when record is 
finished and tone arm returns to 
rest position. 

-yet it costs only $675Oaudiophile net 

STEREOTWIN 200 

the stereo cartridge that 

ELIMINATES HUM! 
STEREOTWIN is the perfect magnetic 
hi-fi cartridge for stereo and mon- 
aural! It fits all record changers and 
standard tone arms. And thanks to 
special construction and MuMetal 
shielding, it eliminates hum! Instant 
stylus replacement, too. 

NOW $4450 audiophile net 

W e FAR AHEAD)THE FINEST BY FAR 

Available at selected dealers. 

Far Free ,atalopse, please write Dept. A 

AUDIOGERSH CORP. 
514 Broadway, New York 12, N.Y. 

WORTH 6-0800 

LETTERS 
Stereo Thoughts and Queries 

SIR: 
Herewith a few long -repressed notes on 

a variety of topics, mostly stereophonic. 
1. I won't buy compatibility with AM - 

FM stereo as an argument for left -right 
FM stereo because I won't buy AM -FM 
stereo at all. If one of your earlier letter 
writers has problems, as mentioned in last 
December's issue, I have several. Of an 
even dozen "good music" or educational 
FM stations I listen to with fair regular- 
ity, no less than five schedule AM -FM 
stereo. Not one of the corresponding AM 
stations is receivable with usable quality 
on good equipment in this area. Pure frus- 
tration. 

2. WJBR in Wilmington, Del., carried 
experimental Crosby -system stereo for 
several months. I have heard them regularly 
for about two months on a home-grown 
adapter (courtesy of a couple of your 
articles). Quality, both monophonically and 
stereophonically, has been excellent. 

3. Some time ago, WASH in Washing- 
ton, D. C., began experimental multiplex 
stereo broadcasts, with the right channel 
on 67 kc. They have also done AM -FM of 
the same programming with WDON (AM) 
of Wheaton, Md., which I can't receive. 
The broadband adapter gets only noise for 
them yet, but appropriate modifications are 
planned. 

4. On the basis of lots of forced listen- 
ing to only one side of stereo transmissions, 
I must admit that to this one set of ears 
one -channel -only does not sound bad. How- 
ever, where both have been available, the 
mixture of the two channels has been found 
far preferable to either one alone for 
monophonic listening. 

5. I have some slight qualms about the 
action of the "Dimension" control on the 
Crosby -system adapters. S ± D undoubtedly 
gives 2L + 2R and S +1/2D would appear 
to give 11/2L ± 1/2R and 11/2R + 1/2L, which 
would be expected to give "reduced separa- 
tion," as would the use of a "blend" con- 
trol. I'm not too clear on the effect of 
adding too much difference channel, i.e., 
S ±2D to give 3L -R and 3R - L. (See 
page 22, however. En.) Without taking a 
stand on the mechanism of stereo orienta- 
tion, it would seem that information corre- 
sponding to increased mike spacing would 
be missing. The relative intensities of 
various voices in the two channels are the 
same for S+2D as for S+1/2D, (3 to 1), 
but with a phase reversal of the off -chan- 
nel component. The simple phase reversal 
is not equivalent to the complex fre- 
quency -dependent phase shifts that would 
result from increasing mike spacing. There 
might be some sense of increased speaker 
separation due to essentially out -of -phase 
signals, a partial case of the last word in 
augmented separation schemes, deliber- 
ately throwing the speakers out of phase. 
One expert, (ETC, November, 1958) has 
branded this approach as musically false. 
Also, it would seem that in -phase compon- 
ents in the L + R channels would be par- 
tially cancelled, tending to cause a loss of 
low -frequency content. Am I missing a 

point? 

6. Along the same line, what happens 
when a signal from a stereo cartridge 
connected out of phase to allow use of a 
"Two -Way Stereophonic Amplifier" (Oc- 
tober, 1958) is fed into a control unit with 
"blend" control? (Guess you don't have to 
use it.) (Or an argument for four -pin 
cartridges-flexibility at the expense of 
simplicity.) 

7. When taping multiplex signals off the 
air, it pays to be sure the subcarrier gets 
well -filtered out before the end of the re- 
cording amplifier. If treble pre -emphasis 
doesn't cause overloading, the subcarrier 
may probably beat with the bias fre- 
quency. 

J. DAVID DYKSTRA, 
677 Plater St., 
Aberdeen, Md. 

(Mr. Dykstra's letter indicates that he does 
some serious thinking on this subject. Per- 
haps some other equally or ± serious thinker 
can exchange ideas with him-preferably 
through this column for the edification of 
all our readers. Actually, the reason for 
the engineering tests of the various stereo 
broadcasting systems is to determine how 
they work out in practice, which is not 
always in accordance with how they work 
on paper. We are interested in other com- 
ments on the various stereo broadcasting 
systems. ED.) 

We Never Expected This 

Sm: 
My husband renewed his subscription for 

two years through your representative at 
the Los Angeles High Fidelity Show in 
February. 

May I take this opportunity to express 
our enjoyment of your excellent magazine? 
Yes-I, too, enjoy AUDIO though I am not 
a member of the engineering profession. I 
find it helps me understand the many proj- 
ects my husband undertakes with his audio 
equipment. Your magazine has been of 
truly inestimable value to him. 

JANE M. HALL, 
(Mrs. Donald Q. Hall) 
438 S. Falson St., 
Anaheim, California 

(Gentlemen: We submit that this is the 
kind of a wife a man should have-one 
who will read a technical magazine so she 
can understand her husband's hobby better. 
We take our hat off to her. En.) 

"Isn't it wonderful! Sounds just like our 
hi-fi set". 
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HEATHKIT 

style 

performance 

quality 

co31d yet 

MONAURAL -STEREO PREAMPLIFIER 
KIT (Two Channel Mixer) 
MODEL SP -2 (stereo) $56.95 Shpg. Wt. 15 lbs. 
MODELSP-1 (monaural) $37.95Shpg. Wt,131bs. 
MODEL C -SP -1 (converts SP -1 to SP -2) $21.95 
Shpg Wt. 5 lbs. 

Special "building block" design allows you to 
purchase instrument in monaural version and add 
stereo or second channel later if desired. The SP -1 
monaaral preamplifier features six separate inputs 
with 4 input level controls. A function selector 
switch on the SP -2 provides two channel mixing. 
A 20' remote balance control is provided. 

PROFESSIONAL STEREO -MONAURAL 
AM -FM TUNER KIT 
MODEL PT -1 $8995 
The 10 -tube FM circuit features AFC (automatic 
frequency control) as well as AGC. An accurate 
tuning meter operates on both AM and FM while 
a 3 -position switch selects meter functions without 
disturbing stereo or monaural listening. Individ- 
ual flywheel tuning on both AM and FM. FM 
sensitivity is three microvolts for 30 db of quieting. 
The 3-;ube FM front end is prewired and pre - 
aligned, and the entire AM circuit is on one printed 
circuit board for ease of construction. Shpg. Wt. 
20 lbs. 

STEREO EQUIPMENT CABINET KIT 
MODEL SE -1 (center unit) $14995 
Shpg. Wt. 162 lbs. 

MODEL SC -1 (speaker enclosure) $3995 each Shpg. Wt. 42 lbs. 

Superbly designed cabinetry to house your complete stereo system. 
Delivered with pre-cut panels to fit Heathkit AM -FM tuner (PT -1), 
stereo preamplifier (SP -I & 2) and record changer (RP -3). Blank 
panels also supplied to cut out for any other equipment you may now 
own. Adequate space also provided for tape deck, speakers, record 
storage and amplifiers. Speaker wings will hold Heathkit SS -2 or 
other speaker units Df similar size. Available in unfinished birch or 
nahogany plywood. 

World's largest manufacturer of 
electronic instruments in kit form 

HEATH COMPANY 
Benton Harbor, 25, Michigan 

HIGH FIDELITY 
RECORD CHANGER KIT 

MODEL RP -3 $6495 
Turntable quality with fully automatic 

features! A unique "turntable pause" allows 
record to fall gently into place while turntable is stopped. The tone 
atm engages the motionless record, and a friction clutch assures 
snooth start. Automatic speed selector plays mixed 333i and 45 
RPM records regardless of sequence. Four speeds available: 16, 33';3, 
45 and 78 RPM. Changer complete with GE -VR -II cartridge with 
diamond LP and sapphire 78 stylus, changer base, stylus pressure 
gauge and 45 RPM spindle. Shpg. Wt. 19 lbs. 

"EXTRA PERFORMANCE" 55 

WATT HI -Fl AMPLIFIER KIT 
A real work horse packed with top quality 
features, this hi-fi amplifier represents a 
remarkable value at less than a dollar per 
watt. Full audio output at maximum 
damping is a true 55 watts from 20 CPS 
to 20 kc with less than 2' total harmonic 
distortion throughout the entire range. 
Featuring famous "bas -bal" circuit, push- 
pull EL34 tubes and new modern styling. 
Shpg. Wt. 28 lbs. 

MODEL W7 -M $5495 
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NOTE THESE OUTSTANDING SPECIFICATIONS: HARMONIC 
DISTORTION, less than 2% (20 cps -20 kc) at 14 watts. I.M. DISTORTION, 
less than 1% (60 and 6,000 cps, 4:1) at 14 watts. FREQUENCY RESPONSE, 
20 cps -20 kc, t1 db at 14 watts. HUM & NOISE, mag. phono input, 47 db 
below 14 watts, tuner and xtal phono input, 63 db below 14 watts. A truly 
remarkable buy for the beginning or advanced audiophile. 

14 -WATT HI-FI ECONOMY AMPLIFIER 

MODEL EA -3 $2995 
From HEATHKIT audio labs comes an exciting new kit ... New 
Styling, New Features, Brilliant Performance! Designed to function 
as the "heart" of your hi-fi system, the EA -3 combines the pre- 
amplifier and amplifier into one compact package. Providing a full 
14 watts of high fidelity power, more than adequate for operating the 
average system, the EA -3 provides all the controls necessary for 
precise blending of musical reproduction to your individual taste. 
Clearly marked controls give you finger-tip command of bass and 
treble "boost" and "cut" action, switch selection of three separate 
inputs, "on -off" and volume control. A hum balance control is also 
provided. The convenient neon pilot light on the front panel shows 
when instrument is on. Styled to blend harmoniously into any room 
surroundings, the handsome cover is of black vinyl coated steel with 
gold design and features the new "eyebrow" effect over the front panel 
to match the other new Heathkit hi-fi instruments. The panel is satin 
black with brush -gold trim strip, while the control knobs are black 
with gold inserts. Shpg. Wt. 15 lbs. 

"MASTER CONTROL" PREAMPLIFIER KIT 

MODEL WA -P2 $1975 (Not Illustrated): 

All the controls you need to master a complete high fidelity system 
are incorporated in this versatile instrument. Features 5 switch - 
selected inputs each with level control. Provides tape recorder and 
cathode -follower outputs. Full frequency response is obtained within 
± 11/2 db from 15 to 35,000 CPS and will do full justice to the finest 
available program sources. Equalization is provided for LP, RIAA, 
AES, and early 78 records. Shpg. Wt. 7 lbs. 

NEW! 
MODEL TR -1A: Monophonic half-track record/play- 
back with fast forward and rewind $9995 functions. Shpg. Wt. 24 lbs. 

MODEL TR -IAH: Half-track monophonic and stereo 
record /playback with fast forward $14995 995 
and rewind functions. T 
Shpg. Wt. 35 lbs. 

MODEL TR-IAQ: Quarter -track monophonic and 
stereo with record /playback fast forward and rewind 
functions. $1 4995 
Shpg. Wt. 35 lbs, 

NOW! TWO NEW STEREO -MONO TAPE 
RECORDERS IN THE TR -1A SERIES 

Offering complete versatility, the model TR -1A series tape recorders 
enable you to plan your hi-fi system to include the functions you want. 
Buy the new half-track (TR-1AH) or quarter -track (TR -I AQ) versions 
which record and playback stereo and monophonic programming, 
or the half-track monophonic record -playback version (TR -IA). 

Precision parts hold flutter and wow to less than 0.35'; . Four -pole, 
fan cooled motor. One control lever selects all tape handling functions. 
Each tape preamplifier features NARTB playback equalization, sepa- 
rate record and playback gain controls, cathode follower output, 
mike or line input, and two circuit boards for easy construction and 
high stability. Complete instructions guide assembly. 

HIGH FIDELITY AM TUNER KIT 
MODEL BC -1A $2695 
Designed especially for high fidelity applications 
this AM tuner will give you reception close to 
FM. A special detector is incorporated and the 
IF circuits are "broadbanded" for low signal 
distortion. Sensitivity and selectivity are excellent 
and quiet performance is assured by a high 
signal-to-noise ratio. All tunable components 
are prealigned before shipment. Your "best buy" 
in an AM tuner. Shpg. Wt. 9 lbs. 

MODEL FM -4 

$3496 

HIGH FIDELITY FM TUNER KIT (FM -4) 

The all new model FM -4 incorporates the latest 
advancement in circuit design. Features include 
better than 2.5 microvolt sensitivity for 20 db 
of quieting, automatic frequency control (afc) 
with defeat switch, flywheel tuning and prewired, 
prealigned and pretested tuning unit. Prealigned 
IF transformers and prewired tuning unit assure 
easy assembly with no further need of alignment 
after unit is completed. The five tube circuit fea- 
tures a generous power supply utilizing a silicon 
diode rectifier. Shpg. Wt. 8 lbs. 

"UNIVERSAL" 12 WATT 
AMPLIFIER KIT 
MODEL UA -1 $2195 
Ideal for stereo or monaural applications, this 
12 -watt power package features less than 2% 
total harmonic distortion throughout the entire 
audio range (20 to 20,000 CPS) at full I2 -watt 
output. Use with preamplifier models WA -P2 
or SP -I & 2. Taps for 4, 8 and.16 ohm speakers. 
Shpg. Wt. 13 lbs. 

YOU'RE NEVER OUT OF DATE 
WITH HEATHKITS 
Heathkit hi-fi systems are designed for maximum flexi- 
bility. Simple conversion from tetsic to complex systems 
or from monaural to stereo l easily accomplished by 
adding to already existing unrts. Heathkit engineering 
skill is your guarantee againet obsolescence. Expand 
your hi-fi as your budget parings ... and, if you like, 
spread the payments over easy monthly installments 
with the Heath Time PaymentPlan. 
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CONTEMPORARY 
Model CE -1B Birch 
Model CE -1M Mahogany 

No Woodworking Experience 
Required For Construction. 

All Parts Precut & Predrilled 
For Ease of Assembly. 

Maximum Overall Dimensions: 
18" W. x 24" H. x 35%" D. 

IT'S EASY . . . IT'S FUN 
AND YOU SAVE UP TO 

WITH DO-IT-YOURSELF HEATHKITS 
Putting together your own Heathkit can be one of the mcst 
exciting hobbies you ever enjoyed. Simple step-by-step in- 
structions and large pictorial diagrams show you where 
every part goes. You can't possibly go wrong. No previous 
electronic or kit building experience is required. You'll 
learn a lot about your equipment as you build it, and, of 
course, you will experience the pride and satisfaction of 
having done it yourself. 

TRADITIONAL 
Model CE -1T Mahogany 

DIAMOND STYLUS HI-FI 
PICKUP CARTRIDGE 
MODEL MF -1 $21695 
Replace your present pickup with the MF -1 
and enjoy the fullest fidelity your library of 
LP's has to offer. Designed to Heath specifica- 
tions to offer you one of the finest cartridges 
available today. Nominally flat response from 
20 to 20,000 CPS. Shpg. Wt. 1 lb. 

"RANGE EXTENDING" HI-FI 
SPEAKER SYSTEM KIT 
The SS-IB employs a 15" woofer and super 
tweeter to extend overall response of basic 
SS -2 speaker from 35 to 16,000 CPS ±5 db. 
Crossover circuit is built in. Impedance is 16 
ohms, power rating 35 watts. Constructed of 
;/" veneer -surfaced plywood suitable for light 
or dark finish. Shpg. Wt. 80 lbs. 

MODEL SS -1B 

$9995 

SEND FOR FREE CATALOG 
Describing over 100 easy -to -build 
kits in hi-fi, test, marine and ham 
radio fields. Also contains com- 
plete specifications 'and sche- 
matics. 

MODEL SS -2 $3995 
Legs: No. 91-26 Shpg. Wt. 3 lb. $4.95 

CHAIRSIDE ENCLOSURE KIT 
MODEL CE -1 $4395 each 

Control your complete home hi-fi system right from 
your easy chair with this handsome chairside en- 
closure in either traditional or contemporary mod- 
els. It is designed to house the Heathkit AM and 
FM tuners (BC -1A and FM -3A) and the WA -P2 
preamplifier, along with the RP -3 or majority of 
record changers which will fit in the space provided. 
Well ventilated space is provided in the rear of t he 
enclosure for any of the Heathkit amplifiers de- 
signed to operate with the WA -P2. The tilt -out 
shelf can be installed on either right or left side as 
desired during the construction, and the lift -top 
lid in front can also be reversed. All parts are pre- 
cut and predrilled for easy assembly. The con- 
temporary cabinet is available in either mahogany 
or birch, and the traditional cabinet is available in 
mahogany suitable for the finish of your choice. 
All hardware supplied. Shpg. Wt. 46 lbs. 

"BASIC RANGE" HI-FI SPEAKER SYSTEM KIT 
The modest cost of this basic speaker sys- 
tem makes it a spectacular buy for any 
hi-fi enthusiast. Uses an 8' mid -range 
woofer and a compression -type tweeter to 
cover the frequency range of 50 to 12,000 

CPS. Crossover circuit is built 
in with balance control. Im- 
pedance is 16 ohms. Power rat- 
ing 25 watts. Tweeter horn ro- 
tates so that the speaker may 
be used in either an upright or 
horizontal position. Cabinet is 
made of veneer -surfaced fur- 
niture -grade plywood suitable 
for light or dark finish. All wood 
parts are precut and predrilled 
for easy assembly. Shpg. Wt. 
26 lbs. 

LEGATO HI-FI SPEAKER SYSTEM KIT 
MODEL HH -1 $29995 
The startling realism of sound repro- 
duction by the Legato is achieved 
through the use of two 15" Altec 
Lansing low frequency drivers and a 
specially designed exponential horn 
with high frequency driver. The special 
crossover network is built in. Covers 
25 to 20,000 CPS within ± 5 db. Power 
rating 50 watts. Cabinet is constructed 
of 3/q" veneer -surfaced plywood in 
either African mahogany or white 
birch suitable for the finish of your 
choice. All parts are precut and pre - 
drilled for easy assembly. Shpg. Wt. 
195 lbs. 

HEATH 
pioneer in 

"do-it-yourself' 
electronics 

Enclosed find 5 
Please enclose postage 
for parcel post-express 
orders are shipped de- 
livery charges collect. 
All prices F.O.B. Benton 
Harbor, Mich. A 20% de- 
posit is required on all 
C.O.D. orders. Prices 
subject to change with- 
out notice. 

QUANTITY 

COMPANY BENTON HARBOR 25, MICH. 

i 

name 

bsidiary of Daystrom, Inc. 

O Please send the Free Heathkit catalog. 

address 

city & state 

ITEM MODEL NO. PRICE 
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U I I 
1. QUARTER -TRACK 

I'm still waiting. Waiting, that is, for 
the RCA Victor tape cartridge, a year old 
and not yet born. Here it is the first anni- 
versary of my enthusiastic article on the 
subject and it might seem, as of now, that 
my direct alternative guess had come true 
-"the RCA cartridge will pop onto the 
market-in the middle of a sea of stereo 
discs-fizzle awhile and die with a wet 
plop." 

It didn't even get to fizzle; it hasn't had 
the opportunity. "Maybe its coming was 
timed unfortunately," I continued, and was 
I right. It was timed so that if the stereo 
disc succeeded, it wouldn't have a chance. 

Last I heard, RCA was going to make a 
big pronouncement on the cartridge during 
May. Not a peep yet and May is departed. 
Before that, it was to be out for the Xmas 
rush, 1958. It wasn't. But, as mentioned 
before, the spark of life is still aglow; 
RCA engineers have been actively demon- 
strating their cartridge right through this 
spring in various hi-fi clubs, engineering 
gatherings, and the like. 

Nope, I don't expect the RCA cartridge 
is dead yet, in spite of the 100 per cent 
official silence, up to this writing. And I 
still think it's good. Having read over my 
remarks of last July (Atinso ETC) I find 
them still convincing and don't feel in- 
clined to take back a single word of the 
basic argument. 

Moreover, though the cartridge itself is 
incommunicado these days, the technical 
development in tape recording that made 
it possible is very much alive-the quarter - 
track tape system, as it is now called. 

Things aren't standing still at all in 
quarter -track. Indeed, RCA aside, the de- 
velopments have been quite fast and furi- 
ous. To begin with, most of the 1959 home 
tape recorders came out with provision in- 
cluded for playing quarter -track tapes, and 
for recording the same, mono or even in 
stereo. Though RCA got the cold shoulder, 
the quarter -track system itself didn't. 
Quarter -track recorded stereo tapes are 
out, too, on ordinary reels. 

The smaller quarter -track heads-the 
main technical revolution involved-are 
being used dual-purpose, to play the older 
half-track tapes as well as their own kind, 
via mechanical adjustments that are rela- 
tively clumsy but, for the time being, ef- 
fective enough. In some situations, the 
opposite is being promoted, i.e. the playing 
of quarter -track recordings by existing 
half-track heads-a poor idea since a half- 
track head scans too much blank tape and 
thereby produces an uncomfortable quan- 
tity of background hiss. (This from a 
helpful correspondent who tried it. He also 
says that one track plays at a lower level 

award ratnall Canby 

than the other, making for more hiss in the 
balancing.) Anyhow-the quarter -track 
system has invaded the home machine field 
in force and it's there to stay. 

We've only seen the beginning. I feel 
now, as I did a year ago, that we are in 
for another complete revolution here and 
I suspect that in a few years quarter -track 
tape will entirely replace half-track for 
home use, whether in an automatic maga- 
zine or on plain old fashioned reels or, per- 
chance in some other arrangement still to 
be launched. 

Our present standard half-track tape, 
along with its counterpart in two -track 
stereo, will gradually become less and less 
"standard", more and more secondary, like 
the 78 record and the 3 -mil stylus. We'll 
have both systems for quite awhile, and 
maybe both magazine and plain reels in 
one machine, later on-but the quarter - 
track equipment will gradually take over 
until, one fine day, there'll be a rash of new 
home tape recorders that won't even play 
half-track tapes at all. Not too far off. 

I'm about to acquire a quarter -track 
home recorder for experiment and expect 
to report on it, for whatever interest it may 
prove to have, later in the year. Meanwhile, 
though, I'm off on a prophesying hinge- 
and I haven't eren used a quarter -track 
machine. But the signs and circumstances 
are multiplying and I don't need to wait, 
in order to see fundamental sense in time 
new quarter -track standard, whether it is 
via magazines or the thread -it -by -hand 
system. 

First, it obviously was not a public fail- 
ure that held up the RCA quarter -track 
stereo tape cartridge. The public never got 
to try it, and few have ever heard it. A 
few hi-fi demonstrations, here and there, 
are hardly going to make or break such a 
development. Clearly, something didn't pan 
out as anticipated, and the only thing that 
matters, as I see it, is that the change in 
RCA plans should not be construed as af- 
fecting quarter -track tape's value, gener- 
ally. Far from it.. 

Maybe RCA did hope to get its stereo 
cartridge in ahead of the then -doubtful 
stereo disc and so decided to launch the 
two at once in 1958 (the press got it in 
June, 1958), to cover any eventuality. 
Maybe the tape machine makers did put a 
crimp in the big plan by refusing to a man 
to rush forth with magazine tape players 
for 1959 (i.e., autumn, 1958). They de- 
clined (though they had the RCA specs 
back in January of 1958) and instead came 
out with the quarter -track heads, minus the 
magazine. It hardly seems as if this is 
what RCA had hoped for, to put it mildly. 
In any case, all this is now water under the 
bridge, tape past the capstan, and the tape 
cartridge, as of This writing, enters its sec - 

and year in the deep freeze. It can still be 
of immense importance, just the same, and 
with quarter -track itself gaining ground, 
RCA's position is improving day by day. 

Now howcome I'm so positive about all 
this? I bared a good deal of my thinking 
on the new system last July (look up your 
back copy) but it seems a proper time 
now, in the interim present, to point out 
again wny quarter -track remains a good 
bet. 

The biggest reason is simply that it rep- 
resents a basic improvement in tape qual- 
ity-that is, in quality relative to the 
amount of tape used. In this sense, quality 
has been virtually doubled, and doubled 
again, via the jump from two tracks to 
four along with the reduction of tape speed 
to 3% ips from 71/2. This change relates to 
the similar change that occurred about five 
years ago with Ampex's narrow -gap heads. 

Yes, I know that right now there's a big 
storm going on over the merits of 71/2 vs. 
33/4 ips in quarter track, but I'll wait until 
later for my own decision on that-the 
subject is still too half-baked. I'm more 
interested in the longer -range implications 
of quarter track, both as to width of track 
and speed. 

Upward Revamping 

What this amounts to, then, is another 
revamping upward in the whole tape hier- 
archy of speeds and qualities, a sort of 
slipping of a cog in the basic ratio, towards 
better performance. I don't need to bother 
with the technical details except to mention 
the ultra -narrow -gap quarter -track head 
that is the prime ingredient. (Better tape, 
better transport mechanisms, more know- 
how in the mechanical configurations of 
tape heads, are other factors that come to 
minci.) 

In effect, the basic quality of the older 
71/2-ips home tape now is available at half 
the speed and on double the tracks. Maybe 
it isn't quite equal, yet-and the groans of 
many a hobbyist are to be heard through- 
out the land. But the solid work is already 
accomplished and a good deal of quarter - 
track sound is already equal to the run of 
half-track tape sound during the last few 
years. 

Remember that when tape first came out 
for the home around 1948, the practical 
limit for the upper frequencies on 71/2-ips 
tape was generally at from 7000 to 8000 
cps. We all know how indefinite such termi- 
nology can be; but we all can remember, 
too, if we're old enough, the muffled sound 
of those first home 71/ -ips tapes. Even the 
original Magnecorder, a pioneer home in- 
strument though designed for professional 
use, didn't bother to claim much more than 
the usual 8000 cps top for its seven -and -a - 
half speed. 

Then came Ampex's narrower gap, with 
the 400 and later the 600 line, and all at 
once we had sound at 71/2-ips that was very 
nearly equivalent to that at 15, the pro- 
fessional standard. For the last few years, 
the speeds have been realigning themselves 
on this newer basis. In the home, 71/2 ips 
is the high -quality, wide -range tape speed 
and 3% ips is the economy, not -so-hi-fi 
speed, taking the old 8000 -cps limit over 
for itself. The original 3% speed, which I 
remember as unbearably muddy in the 
early clays (and unsteady, too) with a top 
of around 4000 cps at best, is now the sec- 
ondary speed that to all intents and pur- 
poses equals the original 71/2. At the bot- 
tom, the lowly 17/s ips is the minimum - 
practicality, "voice frequency" speed. 
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And now-quarter-track and another 
jump. Just as 71/2 was hiked up to approxi- 
mate the hi-fi sound of fifteen -inch pro- 
fessional tape, so 33/4 is now hiked up to 
approximate the now -standard hi-fi 71/2. As 
far as I can judge, the jump is just as ex- 
tensive as that earlier jump. 

The bugs aren't gone yet by any means 
and quarter -track perhaps isn't yet as re- 
liable as standard 71/2. The background 
noise may sometimes be too high, the distor- 
tion level not as satisfactory, the frequency 
range a bit restricted, the alignnient not 
always solid and sure. (Cross -talk is gen- 
erally not a problem, since it occurs mostly 
in the heads themselves and quarter -track 
heads are spaced further apart-by one 
intervening track-than standard half- 
track heads.) These are all problems -of - 
the -moment. They've existed before. 
They'll be ironed out-they have been 
ironed out already in many new machines 

Newer and Better 

In the long run, then, what with constant 
improvement, there's every reason to sup- 
pose that quarter -track 3% ips sound may 
soon generally equal present standard half- 
track 71/2 sound, right down the line. I 
can't see how it will be otherwise. There are 
inherent disadvantages to slower speeds 
and narrower tracks, but we must prove 
that they are insurmountable in practice 
before we condemn the new system as un- 
workable. I don't think they are. 

Indeed, one of the most persuasive argu- 
ments in favor of quarter -track tape was 
suggested to me by the maker of some of 
the new quarter -track recorded stereo tapes 
and confirmed by an AUDIO correspondent 
who had bought one to try and had heard 
it played via Ampex quarter -track equip- 
ment. "The qualify seemed to me to be just 
as high as the best of the conventional 
stereo tapes, and a good deal higher than 
some I have heard-and own! The tape 
hiss is very low ...", he writes, and there 
you have it in a nutshell. As the tape's 
producer puts it, the best argument of all 
in favor of quarter -track is simply that it 
is new. 

The very factor of newness tends to put 
it ahead of older half-track sound, in 
spite of theoretical disadvantages. Newer, 
in these fast-moving days, means more ad- 
vanced, even in the face of seemingly huge 
problems. It happens all the time. Engi- 
neering ingenuity being what it is, disad- 
vantageous products one after the other 
tend to end up even better than their more 
favorable predecessors. 

It happened with the LP, whose difficul- 
ties were so overwhelming back in 1948 
that many engineers proved to themselves 
and all who would listen that it was un- 
workable and inferior. It was-just as 
they said. But it also had enormous poten- 
tial advantages, notably in its musical and 
sales aspects, and its faults were soon 
overcome to the point where in practice it 
was far superior to the old 78. So, too, with 
the stereo disc, already. It isn't technically 
superior yet, but the much -groaned -over 
complexities of last fall already seem years 
back, and the best stereo discs are now 
pretty much equal to the best monos even 
though ideally the mono record is still the 
simpler, better product. Mind you, the 78 - 
rpm disc (particularly microgroove) is 
still ideally better than any LP, in its basic 
potentialities. Practically, it's a very dead 
duck. 

The stereo cartridge is perhaps a classic 
example. With four terminals instead of 
two, a double element, single stylus, a two- 
way response instead of one-dimensional, 
it presented appalling complications as 

compared to the relatively simple mono 
cartridge. Inherently, the stereo cartridge 
is a lulu of a problem; inherently, the mono 
cartridge is "better" by far. Yet already, 
in actual practice, our best stereo car- 
tridges are as good as the best monos of a 
few years back-perhaps better. Inevitably, 
the stereo cartridge will end up well ahead. 

So will quarter -track tape, for all its 
present faults and its inherent inferiori- 
ties. Just wait and see. It's bound to win 
even if RCA's tape magazine never gets 
launched at all. It'll win, first, because it 
is fundamentally "better", speed for speed, 
tape for tape, with sound quality to match 
standard two -track tape at a quarter the 
cost. 

Secondly, it'll win because its inherent 
faults are inherently reducible-perfecti- 
ble, if you wish. It'll get better and better; 
it can get better and better. 

And thirdly, quarter -track tape brings 
all this and stereo too. It is the first tape 
development to equate stereo tape with 
stereo dise in terms of cost for the home. 
And it keeps the advantage of home re- 
cording, adds the new possibility of stereo 
recording as well. 

We'll see. I may run into practical 
trouble when I myself get directly in- 
volved in quarter-track-who knows. I may 
curse and groan and wish I'd never tried it; but even a lot of trouble will leave me 
still convinced that this is the home tape 
system of the future. The bugs, when and 
if, are merely temporary, incidental, unim- 
portant. 

Let's hope I don't have to say that too 
often. 

2. SUCCESS STORY 
One of the headaches for us record col- 

lectors during the first seven or eight 
months of stereo disc was the obvious has- 
sle going on within company after eom- 
pany as to what recorded material should 
be issued in stereo form, and when. 

As everybody knows, there was a huge 
backlog of accumulated stereo material 
ready to go and virtually all new recording 
was being done both in stereo and mono 
form-to be sure. But how much stereo 
could be absorbed by the public, if re- 
leased on disc? That was the BIG question. 

And there were complications, too, in the 
fact that a large part of the backlog had 
been already issued in mono form (or on 
stereo tape) and thus was technically "old" 
stuff. How would the public take to these 
seeming re -issues of oldies, long familiar? 
And what was to be done about the brand 
new releases-would the stereo market take 
stereos one for one along with mono? Ob- 
viously not at the beginning. But when? 
And what should be done with the unre- 
leased stereo versions that would keep 
piling up higher and higher, like surplus 
corn and wheat in the farm belt? More 
backlog with every day that passed. 

Well, it was a matter for gray hairs. A 
few companies brashly jumped straight at 
the beginning into one -for -one dual re- 
leases-and surely lived to regret it, what 
with the sour stereo dise lemons that were 
squeezed painfully out of the presses dur- 
ing those first hectic months! 

A few companies, London in particular 
and most notably, threw everything they 
had into a stereo -or -nothing policy, prac- 
tically shelving the mono business right 
from the start. It could be managed-for 
awhile, at least, if stereo turned out a suc- 
cess. 

But most record companies moseyed 
along with a variety of compromise poli- 
cies, tinkering with every combination 
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imaginable between the poles of no stereo 
and all -stereo. Only a few outfits dared 
come straight out with stereo -mono dual 
releases as a regular thing; the rest kept 
us wildly guessing-would there be a stereo 
version later on? Probably the company it- 
self didn't know, hadn't decided; didn't 
want to decide-yet. If the market would 
bear it, maybe in a few months. . . And, 
'tother way around, many a stereo disc 
spectacular was launched on its own, to 
see what might happen, with the mono 
version (if any) trailing far in the back- 
ground, on a maybe basis. 

All this time, mind you, and still as of 
this moment, there has been the continuing 
question, what shall we do with the earlier 
stereo master material, the big backlog? 
It has been coming out in driblets, or in 
small batches and, I'm forced to observe, 
the announcements haven't always been 
quite clear as to whether the stuff is new 
or "old." To tell the truth, it doesn't really 
matter, so long as the original tape was a 
good one and the disc is up to par too. Only 
the record reviewers tear their hair seri- 
ously about such matters. (Now, is this the 
one I reviewed in mono two years ago and 
said it stank? Or is it a new recording?) 

It's only natural, I guess, for the genial 
sales people to cover their tracks a bit 
here, just in case, playing hotus pocus with 
numbers and cover art so you really can't 
tell the new releases from the re-releases. 
It does indicate a certain lack of confidence 
in the wary record buyer, who may decide 
that anything older than three months must 
be utterly unplayable. Just don't tell him, 
then, and he'll never know. 

Yet the fact is that many of the older 
stereo master tapes stand up extremely 
well to later competition, even on a mere 
two tracks. They can pass for brand new, 
strictly on their own merits. But a much 
more important thought is simply that if 
the original mono versions are still avail- 
able in the catalogue, then the stereo al- 
ternative should most certainly be there 
too-since it brings with it a decided mu- 
sical improvement in the impact of the 
recording. 

If you'll look at it in this light, I am 
sure you'll be delighted to rush out and 
buy up the stereo re-releases of as many of 
your favorite monos as appear in that 
form. A bargain! After all, most record 
buyers get to know their favorite items 
like familiar friends. Imagine being able 
to replace that Number One, top -rated 
war horse you bought years ago, the one 
you've played so many times it practically 
wheezes, with a brand new disc of the self- 
same performance, as familiar as ever, but 
now in stereo. Terrific. 

I recommend this line of thought to the 
record companies' public relations people. 

And with that thought I come to the 
item that started all this, the new policy 
at Capitol, which embodies all I have said 
in a highly satisfactory re -vamping of its 
former system of releases. Formerly, Capi- 
tol (and Angel too) released stereo and 
mono discs more or less separately, as the 
developing market seemed to allow. New 
stereo discs for each month were listed 
apart from new monos ; you weren't always 
sure whether both versions were being re- 
leased together even when in fact they 
were. All a part of the inevitable hotus 
pocus mentioned above, and what with a 
mono and a stereo release list, popuhr and 
classical (and some other categories too), 
for each of three labels every month. things 
were getting really pretty complicated. 
(Fortunately, the stereo tape releases of 
some of the same material slacked off as 
the discs increased.) 

Now, Capitol puts all its "cards" straight 
on the printed page for all of us, each 

month. Every recording is listed with two 
columns of record numbers off to its left, 
headed Monophonic and Stereophonic- 
and the catalogue numbers, incidentally, 
are the same, as with RCA Victor and a 
few others. Better still, though, the nota- 
tion Previously Released is put under the 
mono column when the stereo is a re -issue 
-and no shilly-shallying about it. Capitol 
has faith in its older recordings (and so 
do I). 

If there is no stereo version, for one 
reason or another, the notation none is put 
down, plainly for all to see. After all, 
there's still a lot of top-notch mono ma- 
terial being issued. 

I've just been through my own card 
catalogue and am gratified to find that a 
number of the April, 1959, Capitol stereo 
releases were out in mono form as far back 
as 1956. Some of the best records in the 
Capitol catalogue, at that. 

Why, somebody may be asking me, don't 
you mention the other companies that do 
the same thing in their announcements? 
Vox, for example, or RCA Victor. Both of 
these companies have listed mono and 
stereo releases side by side for quite awhile. 

Well, you see, it's significant to me that 
Capitol didn't-and now does. It indicates 
a very important development in Capitol's 
thinking and, by reflection, an even more 
important development in stereo dise it- 
self, these last crucial months. 

Stereo, my friends, is a success. 

3. SENATORS ON LIMB 
Seems even the New York Times agrees 

with me about the publicity barrage in the 
mail, as described here in the April issue. 
A nice little news article with the above 
title appeared recently. Utterly dead -pan, 
it described something called the Keating- 
Javits press -release machine (the two 
Senators from New York). This monster, 
"long feared and respected as the fiercest 
on Capitol Hill, finally stripped its gears 
today and began racing wildly ahead of 
the news." All it did was to announce that 
the President had nominated a certain 
judge "today" but, alas, the date was still 
a week off and the President hadn't done a 
thing about it yet. 

Ah, how easily this can happen, as we 
all know, in a fast-moving press release 
system! But ordinarily one doesn't involve 
Ike in such matters, if one can manage not 
to. Won't do at all. Frantic inquiries at the 
White House produced only one of those 
"we have no knowledge" statements that 
(suggests The Times) mean the W.H. 
doesn't want to say anything for the 
moment. (I.e. until it figures out what went 
wrong.) 

Things were presently untangled via a 
phone call from a "harried operator" of 
the Keating-Javits machine-which had 
gone all-out in praise of the judge -nomi- 
nee. Yes, the man would indeed be nomi- 
nated "early next week," said the White 
House, upon hearing this, but would the 
machine please hold onto itself until time 
caught up with it. 

The Times didn't quite feel like stopping 
at this point and neither do I. It went on 
to say that "close observers of Keating- 
Javits press releases were stunned to find 
genuine news among them, but there was 
little surprise npon hearing that the ma- 
chine had slipped its governors. 

"Since Congress' opening in January it 
has been turning out releases by the ton. 
The volume and variety of its productions, 
out -stripping the most prolix other Sena- 
tors' by 5 -to -1, made it inevitable that 
overhauls would be needed by spring." End 
of The Times comment, with no further 
comment needed. 
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New York 28, N. Y. 

WRYE COMPANY, LTD. 
2410 W. Alabama 
Houston 6, Texas 

JA 6-3033 

THE RADIO HI-FI SHOP 
603 Broadway North 
Seattle 2, Washington 

HOUSE OF HI -FIDELITY 
20th Century Sales, Inc. 

W. 1021 First Ave. 
Spokane, Washington 
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EDITOR'S REVIEW 

TAPE TO THE FORE-AGAIN 
SEVERAL YEARS AGO, magnetic tape was the only 

satisfactory means by which we could have stereo 
reproduction in our homes, and tape people- 

both those who made equipment and those who made 
recordings-prospered. Then came the stereo disc, and 
the tape industry went into a lean year. Fortunately 
this happened just about the same time that TV tape 
recording boomed so strongly, so at least some of the 
equipment manufacturers went merrily on. But the 
market for recorded tapes dropped badly, as we all 
know. 

Now it is a well known fact that tapes at 71/2 ips 
can be of better listening quality than LP records, but 
the investment required for playing them is certainly 
more than is needed for the less expensive discs. The 
dual -track monophonic tape on a good tape machine 
offered better quality than the average disc, but the 
cost of the tape was greater. Four -track tape at 33/4 

ips has it all over discs for cost, but this observer, at 
least, has not heard any that were considered compa- 
rable from a quality standpoint to the LP. Four -track 
71/2 tape of today is easily comparable to two -track 
71/2 of two years ago, and better than single-track 71/2 

of six or eight years ago. Maybe-and that's as far as 
we will go maybe four -track 33/4 will get up there, 
but the disc manufacturers are not going to stand still 
-they too will make improvements. 

As we see it, it is likely that the four -track 71/2 tape 
will end up as of slightly better quality than the disc 
-particularly for stereo-and the cost should be 
about the same, minute for minute. As a matter of 
fact, that is about the way the economics of the subject 
will force it to be. If the reproducing equipment is of 
the highest grade, the tape will undoubtedly be much 
superior. 

But where does all this get us ? Certainly a Rolls 
Royce gives a better ride, a more luxurious one, than 
any of the "lowest priced three," but does that mean 
that everyone is going to buy a Rolls ? Not for a min- 
ute-not all of us can afford the difference even though 
we realize the advantages. Many others just don't 
think the extra cost is worth it for the results to be 
gained. 

We don't think for a minute that a $75 tape player 
is going to compare with a $950 one-which is about 
the same percentage difference as between the automo- 
biles mentioned. We believe that there will always be 
some who think that the extra expense is justified for 
the better quality just as there are those who prefer to 
be filled up on a six -dollar porterhouse instead of 85 
cents worth of hamburger. 

However, now that the tape industry has rolled 
with the punches, it has come up with a high -quality 
product-four-track 71/2 recorded tapes-and a new 
division of Ampex Audio has been formed to distribute 
nationally the products of the many tape producers. 
This division-United Stereo Tapes-will put tapes 
back on the dealers' shelves, and tape will again be- 
come the leading medium for top quality of reproduc- 
tion. 

And just as a reminder of our interest in the best in 
sound reproduction, please note that we established a 
new section-THE TAPE GUIDE-beginning with the 
May issue this year. This section has for its principal 
aim the improvement of tape usage in the home, and 
any serious tape user will find something of interest in 
the GUIDE. And many will continue to offer their own 
experiences and suggestions for the help they may be 
to others-incidentally receiving some loot for their 
trouble, which same can be plowed back into more and 
better tape equipment in their own installations, or 
even in more recorded tapes. 

We look forward to the tape industry's best year in 
the next twelve months. 

JAZZ FROM KJAZ 
Don't try to pronounce that-even though some 

New Yorkers try a phonetic pronounciation of WQXR, 
resulting in something like "kewkser." KJAZ is a 
radio station in the San Francisco Bay area that 
finally got tired of the conventional "top 40" pro- 
gramming common to today's AM station, local and 
network alike, and decided to devote itself to jazz. 
From noon to midnight every day, the schedule shows 
some real ingenuity-with such programs as "Jazz for 
Housewives" in the afternoon with a medley of jazz 
vocalists and low-pressure swinging; "Dinner Jazz," 
with "oh so polite, yet swinging" background to eve- 
ning meals; "Jazz Conversations" with visiting art- 
ists; and even "Jazz Goes to Church," featuring 
spirituals and gospel songs. Pat Henry and Dave 
Larsen, the originators of this idea, are to be compli- 
mented on their brainchild. Maybe some other AM 
broadcasters will think up some innovations to set 
them apart from the usual programming-the kind 
where you can't tell what station you are listening to 
until they announce the call letters because they all 
sound alike. 

We even miss the several hours of radio whodunits 
that the networks used to carry in the evening hours- 
we just aren't interested enough to stare at TV pro- 
grams several hours a week. 
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FLUXVALVE AND T.GUARD ARE TRADEMARKS USED TO DENOTE THE QUALITY OF PICKERING & COMPANY INVENTIONS. 

Truly the finest stereo pickup ever made... 
the STANTON Stereo FLUXVALVE is 

hermetically sealed in lifetime polystyrene with 
all of the precision that has made Pickering 

a quality leader in the field of high fidelity 
for more than a dozen years. 

For instance...only the 
STANTON Stereo FLUXVALVE has the 

"T -GUARD" stylus assembly-so safe and easy 
to handle...so obedient and responsive 

to every musical nuance in the stereo groove. 

Only the STANTON Stereo FLUXVALVE has 
the parallel reproducing element contained in the 

"T-GUARD"...assuring the proper angle of 
correspondence between recording and playback " 

styli for maximum Vertical Tracking Accuracy. 
'Excluding wear and tear of the diamond stylus tip and parts 
of the related moving system in the "T.GUARD" assembly. 

237! A 

And...because of this the STANTON 
Stereo FLUXVALVE reproduces music 

with magnificent sound quality...from both 
stereophonic and monophonic records...with 

negligible wear on record and stylus. 

In plain truth...the STANTON 
Stereo FLUXVALVE is by far the finest stereo 

pickup made... backed by a Lifetime Warranty'', 
assur ng you a lifetime of uninterrupted, 

trouble -free performance-with a quality of 
reproduction no other pickup can equal. 

We suggest you visit your Pickering Dealer soon 
-drop in and ask for a personal demonstration. 

EWLY REVISED-"IT TAKES TWO TO STEREO"-ADDRESS DEPT. B-79 FOR YOUR FREE COPY. 

foi those who con4heoiI the o',/k,ence .,R. o...,rr RICH .,ea..rr PRODUCTS .. 
PICKERING & COMPANY. INC., Plainview. N. V. 
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"PACKAGING" MICROWAVES 

FOR MOUNTAIN TOPS 

In Arizona, the telephone company faced a problem. How 
could it supply more telephone service between Phoenix 
and Flagstaff-through 135 miles of difficult mountain 
territory? 

Radio offered the economical answer: a new micro- 
wave radio -relay system recently created at Bell Tele- 
phone Laboratories. Operating at 11,000 megacycles, it 
was just right for the distance, and the number of con- 
versations that had to be carried. 

But first other problems had to be solved: how to 
house the complex electronic equipment; how to assemble 
and test it at hard -to -reach relay stations way up in the 
mountains; and how to do it economically. 

On -the -spot telephone company engineers had some 
ideas. They worked them out with engineers at the 
American Telephone and Telegraph Company and at 
Bell Telephone Laboratories. The result: a packaged unit. 

The electronic equipment was assembled in trailer - 
like containers at convenient locations and thoroughly 
checked out. The complete units were then trucked up 
the mountains and lifted into position. 

The system, now operating, keeps a watch on itself. 
When equipment falters, a relay station switches in stand- 
by equipment, then calls for help over its own beam. 

The new Phoenix -Flagstaff link illustrates again how 
Bell System engineers work together to improve tele- 
phone service. Back of their efforts is the constant de- 
velopment of new communications systems at Bell 
Telephone Laboratories. 

BELL TELEPHONE LABORATORIES World center of communications research and development 



FM -Band Reception in 

Fringe -Areas 
W. N. COFFEY 

When the best antenna installation you can make is still not suffi- 
cient to bring in those distant FM stations, try this booster unit 
which is designed for low -noise amplification at signal frequency. 

ARE YOU A CONSISTENT FM listener 
with cosmopolitan tastes? Do you 
draw on program material from a 

number of stations? If you are fortunate 
in living in or near a metropolitan 
area, you probably are satisfied in this 
respect. However, if you are located 
beyond the primary service area of many 
stations, and are limited to listening to 
just a few stations, this article will be 
of interest. In fact, this article is ad- 
dressed specifically to the "fringe area" 
listener, the individual who lives, say, 
100 miles or more from the nearest FM 
stations. The principal concern of this 
type of listener may be to improve the 
efficiency of his receiving equipment. 
Let us consider now what an effective 
fringe -area receiving station should in- 
clude. 

Antenna System 

First, one should take utmost ad- 
vantage of the antenna system to pro- 
vide maximum signal voltage delivered 
to the antenna terminals of the tuner. 
In order to accomplish this at FM -band 
frequencies, the antenna should be 
placed in the clear and at a sufficient 
height above the ground. A minimum 
height of 20 feet should be maintained, 
and a continuing improvement with in- 
creasing height up to 40-50 feet may 
be realized, depending on local topo- 
graphy. 

A single six -element Yagi antenna de- 
signed for the FM band should give 
around 7-10 db gain over a single one- 
half wavelength dipole. A pair of such 
antennas fed in phase and stacked with 
1/2-1 wavelength vertical separation 
should provide around 10-14 db gain 
over the dipole. Several antennas of 
this type are available in radio parts 
stores. When it is remembered that 10 
db of antenna gain means that, in effect, 
the power of all stations received would 
be increased by 10 times, one can ap- 
preciate the advantage of using high - 
gain antennas. 

Then, too, the added directivity 

* 9 Cortland Drive, Ballston Lake, N. Ir. 

Fig. 1. External 
appearance of 
the author's FM 
booster amplifier. 

characteristic which goes hand -in -hand 
with higher gain is an effective aid in 
reducing co -channel interference pro- 
vided the interfering stations do not lie 
in the same direction with respect to 
the receiving antenna. When using such 
an antenna, the optimum heading to a 
particular station can be found by ro- 
tating the antenna until maximum sig- 
nal strength is obtained, as evidenced 
by the signal strength indicator on the 
receiver, or by the point of maximum 
quieting. Even a short treatment on 
optimum antenna design is beyond the 
intent of this article; however, several 
excellent sources' are available for those 
who may care to pursue the subject 
more thoroughly. 

Transmission Line 

The transmission line which connects 
the antenna to the receiver is an im- 
portant link in the equipment chain. 
To insure that the signal suffers mini- 
mum attenuation in finding its way to 
the receiver, a low -loss line should be 
used. Tubular 300 -ohm line is excellent 
in this respect and is inexpensive. 
Where a long line must be run, a 300 - 

ohm open -wire line is preferred because 
of its extremely low attenuation con- 
stant. Although even less expensive than 
the tubular variety, it may be more diffi- 
cult to install. It is important to keep all 
parts of the 300 -ohm line at least 6 

inches away from metallic objects such 
as roof gutters, down spouts, water 
pipes, heating duets, and so on. Coaxial 
cable has the advantage that since it is 
a shielded line, it can be run anywhere, 
even buried in the ground, or carried 
along a water pipe. However, it is more 
expensive than 300 -ohm line, and in 
sizes 1/2 inch in diameter or smaller it 
has more loss. 

Since most FM antennas and receivers 
are designed to work in conjunction 
with a balanced 300 -ohm line, special 
impedance -changing transformers called 
baluns (balanced -to -unbalanced trans- 
formers) should be used when con- 
necting a balanced 300 -ohm line (or 
antenna, or receiver) to an unbalanced 
75 -ohm line (or antenna, or receiver). 
For the protection of your equipment, 
your dwelling, and yourself, the an- 
tenna system including the mast should 
be grounded properly. However, make 
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Fig. 2. Internal arrangement of parts 
for the booster amplifier. 

certain that the lightning nrrestor does 
not by-pass some of the FM signal to 
ground, thus reducing the effectiveness 
of the antenna system. 

The Tuner 

One of the requirements of the tuner 
is that it should have sufficient ampli- 
fication to bring the desired (and 
usually weak) signal up to full limiting. 
Most of this amplification is ordinarily 
obtained in the intermediate frequency 
(i.f.) amplifiers and amplifier/limiter 
stages operating at 10.7 me. The ampli- 
fier should also provide the necessary 
adjacent -channel rejection by virtue of 
its selectivity (or band-pass) character- 
istic. Some readers may have improved 
the performance of their gain -starved 

receiver by adding another amplifier/ - 
limiter stage. 

This type of improvement can be car- 
ried only so far. Eventually a point may 
be reached where the over-all i.f. gain 
has become so great that positive feed- 
back from the last stage back to the 
front end of the amplifier (over feed- 
back paths wholly unsuspected) be- 
comes comparable to the magnitude of 
the input signal. If this occurs, either 
the amplifier tends to oscillate on a per- 
manent basis, or if this feedback is 
somewhat milder in nature, it will tend 
to distort the over-all band-pass charac- 
teristic of the i.f. amplifier. Methods of 
preventing this type of feedback in- 
clude stage -to -stage shielding, adequate 
decoupling of those circuits common to 
all i.f. stages (such as heater and d.c. 
supply leads), or employing a second 
frequency converter in the i.f. system 
(double -conversion receiver). 

Limitation Due to Tube Noise 

Nevertheless, as still higher i.f. gain 
is realized without instability due to 
undesirable feedback, another limitation 
is eventually reached, i.e., the level of 
noise generated in the tubes preceding 
the i.f. amplifier. It is true that all the 
amplifier stages generate noise. How- 
ever in any stage, following the first, the 
signal has been brought up to a level so 
high compared to the noise generated 
in that stage, that the contribution of 
noise from that stage is insignificant. 

Most FM receivers consist of an r.f. 
amplifier, followed by a frequency con- 
verter or a mixer, which is followed in 

turn by the i.f. system. Because fre- 
quency converters and mixers are in- 
herently noisier than amplifiers, the first 
stage must provide a large signal am- 
plification so that the amplified signal 
overcomes the noise generated in the 
mixer. Obviously the r.f. amplifier itself 
should generate a minimum of noise. 
Earlier it was stated that the i.f. gain 
should be high enough to allow full 
limiting even on weak signals. Therefore 
the smaller the amount of noise gen- 
erated by the tuner, the smaller the 
signal can be before it is lost in this 
noise. Actually the i.f. gain should be 
sufficient to produce limiting on this 
noise. 

One may well ask now, "What gen- 
erates this noise?" Some of this noise 
is generated thermally in the effective 
generator resistance of the device (in 
this case the antenna) driving the first 
stage. Some of the noise may enter the 
antenna from extra -terrestrial sources, 
such as galactic, cosmic, and solar noise. 
Man-made electrical noise from such 
sources as motors, lamps, automobile 
ignition systems, and the like, may also 
be present depending upon the par- 
ticular situation. In the usual case the 
main component of noise is generated 
within the amplifier tubes, and in a well 
designed tuner, within the tube im- 
mediately following the antenna circuit. 

In the frequency range of interest, 
88-108 mc, tube noise, in triodes, con- 
sists of shot noise and induced -grid 
noise. In pentode and other multigrid 
tubes an additional component called 
partition noise is generated. It is for 
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Fig. 3. Over-all schematic of the FM 000ster, together with its power supply. 
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FEMALE COAX CONNECTOR 
SUCH AS BNC TYPE\ 

75 -OHM 
UNBALANCED 

300 -OHM TERMINAL 
BALANCED 
TERMINALS 

T LB-si -::i.ri 
P 

LA -39 IN. RG -59 COAX 
CABLE. MAY BE 

COILED. 
LB- LENGTH NOT CRIT. 

USE RG -59 CABLE. 

ENCLOSED IN COMPLETELY 
SHIELDED BOX 

Fig. 4. Coaxial -type Balun-an imped- 
ance transformer from balanced to un- 

balanced lines. 

this reason that triodes are preferred 
as first -stage amplifiers since they are, 
at this frequency, less noisy. A de- 
scription of the physical processes that 
underlie the several types of noise gen- 
erated within vacuum tubes is beyond 
the scope of this article. However 
several excellent references2 are avail- 
able which cover the field quite com- 
pletely. 

The usual method of describing the 
relative noisiness of an amplifier is by 
means of the noise figure, F. 

F=P,y+PT-1+ PT 

Ps P2 
where Ps= that portion of available 

output noise power from the 
amplifier due to thermal 
noise in the source resist- 
ance. 

PT= that portion of available out- 
put noise power from the 
amplifier due to noise gen- 
erated within the tube or 
tubes. 

Thus F is a dimensionless quantity, a 
power ratio that is usually expressed in 
decibel-. If one has a perfect (ideal) 
amplifier that generated no noise itself, 
then PT= O and F= 1 or F =0 db. Sup- 
pose one uses a more practical example 
for the amplifier. If at the output 
terminals of this amplifier there is 1 
nuerowatt of noise power due to the 
thermal noise of the source resistance 
for every 9 microwatts of noise power 
due to tube noise, then F =1+ 9/1.10 
or F = 10 db. The lower F can be made, 
the less tube noise there is to "smother" 
the weak signals until (neglecting extra- 
terrestrial and man-made noise) an- 
tenna noise finally sets the limit on 
tuner sensitivity. FM tuner A is better 
than FM tuner B if, all other things be- 
ing equal, A has the lower noise figure. 
For example, suppose A has F = 3 db 
and B has F =9 db; then A can detect 
a signal with 1/4 the power that B can 
detect. Likewise, if one can improve the 
noise figure of his own tuner by 6 db, 

the net apparent increase in power of 
all stations would be four times. 

The author has never measured the 
noise figure of a representative cross 
section of FM tuners. What few have 
been observed range from 7 to 20 db. In 
other words, after the user has in- 
stalled a first-class antenna system he 
probably still has a good chance of im 
proving his tuner sensitivity by im- 
proving its noise figure. 
Description of Preamplifier 

To be described is a single -tube pre- 
amplifier operating at signal frequency 
to be used ahead of the FM receiver. It 
employs the new 6922 tube in a cas- 
code3 circuit. It has a measured noise 
figure of 3.5 db at band center, a gain of 
about 30 db, and has improved the sen- 
sitivity of several tuners with which 
it has been used. More about perform- 
ance later. 

Its construction is straightforward 
and should be no problem for the au- 
diofan who has had some experience in 
building his own equipment. Use only 
rosin core solder and, because it is a 
high -frequency amplifier keep con- 
necting leads as short as possible. The 
completed amplifier is shown in Fig. 1. 
The amplifier is built on a 4" X 5" copper 
panel, and this mounted on a 3" X 4" x 5" 
crackle -finished steel box. A self-con- 
tained power supply mounted in the 
box provides the necessary heater and 
plate voltages. It is not feasible to get 
this power from the FM receiver. 

It is suggested that the arrangement 
of components shown in Fig 2 be fol- 
lowed. The circuit schematic is shown 
in Fig. 3. It will be observed that the 
preamplifier is designed to work from 
and into an impedance of 75 ohms un- 
balanced. If, as in the usual case, the 
line impedance is 300 ohms balanced, a 
balun must be used to provide the 
necessary impedance transformation. A 
coil balun such as the TACO Model 
1570 is quite satisfactory, or one can 
make a coaxial line balun as described 
in Fig. 4. In the interest of simplicity 
an L -type network, comprising C, and 
L1 is used to couple a 75 -ohm source 
to the input of the first tube. For mini- 
mum noise figure C1 should be around 
6 µµf. Coil L3 resonates at mid -band 
with the grid -to -plate capacitance of 
the grounded -cathode stage. L3 permit, 

shunt feeding of d.c. to the plate of the 
first tube. The output impedance of the 
grounded -grid stage is transformed 
down to a level of 75 ohms by means 
of the pi network consisting of C2i L4, 
and Cs. If it is desired to work the pre- 
amplifier into a 300 -ohm line, a second 
balun will be required at the output. As 
the capacitance of C3 is increased, the 
bandwidth of the output network de- 
creases and the gain of the amplifier 
increases so that the gain bandwidth 
product remains about constant. With 
C3 set at about 125 µµf the over-all gain 
is about 30 db and the bandwidth about 
7 mc. Coil winding data is shown in 
Table 1. 

Initial Tests and Alignment Procedure 
The preamplifier should be turned on 

in order to check operating voltages. 
The power -supply voltage after filtering 
should run around 130 to 140 volts 
positive with respect to ground, and the 
voltage at each plate should be about 
100 to 110 volts positive with respect 
to ground. The cathode voltage on each 
tube should be in the vicinity of 10 to 
11 volts positive with respect to ground. 

In order to adjust the tuned circuits, 
a signal generator is set to the mid - 
band frequency, 98 mc. Although not 
preferred, an FM station in the vicinity 
of this frequency can be used. The gen- 
erator should be equipped with a 75 - 
ohm source resistance. Once a strong 
enough signal is available at 98 mc, 
turn Cs all the way in (maximum ca- 
pacitance) and back off a turn or two. 
Adjust C3 for maximum output. This 
can be determined by observing the rec- 
tified voltage from a diode detector con- 
nected at the output terminals if a 
signal generator is used. If an FM signal 
is the source, one can use the signal 
strength indicator on an FM tuner con- 
nected to the output of the preamplifier. 
The inductance of L4 should be ad- 
justed by means of the slug so that 
signals at both the low and high ends 
of the band can be peaked by means 
of C3. 

Once the signal is peaked again at 98 
mc disconnect the plate supply voltage 
to the first tube by lifting the 2200 -ohm 
dropping resistor from the B+ supply. 
Adjust the slug in L2 until minimum 
output signal is obtained. Reconnect the 

(Continued on page 59) 

L1 

TABLE I 

COIL WINDING DATA 
0.2 0-5 turns No. 15 AWG copper wire 0.395 in. I. D., with turns spaced to give 
a winding length of 0.4 in., and self supporting. Tune by lengthening or shortening 
coil. 

L 1.2 µh-133 turns No. 23 AWG enameled wire, copper close wound on Millen 
69043 ceramic form. Tune by Ferrite slug. 

L 3 0.3 µf-7 turns No. 18 AWG enameled copper wire, close wound on 0.31 -in. di- 
ameter form. Use Ohmite 1-megohm, 2 -watt resistor. Untuned. 

L4 0.4 µh-63/4 turns No. 18 AWG enameled copper wire, close wound on Millen 
69043 ceramic form. Tune by Ferrite slug. 
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A Continuously Variable Stereo 
Dimension Control 

PETER A. STARK' 

Surpassing the conventional "blend" control in versa- 

tility, the "dimension" control permits both decreas- 

ing and increasing the stereo effect of a record or tape. 

DESPITE CLAIMS TO THE CONTRARY, 

stereo is not perfect-yet. There 
are astounding differences between 

different records and tapes, even those 
from one company. This is the reason 
behind the Phasing, Channel Reversal, 
and Blend controls on many of the best 
stereo amplifiers. The first two, Phasing 
and Channel Reversal, can be dispensed 
with once all tapes and discs are prop- 
erly standardized since both are simple 
right -or -wrong propositions; however 
stereo blend is a matter of taste and 
depends on many factors. 

Blend controls were originally intro- 
duced to combat the "ping-pong" or 
"hole -in -the -middle" effect present in 
many of the first stereo records and 
tapes due to the record companies' at- 
tempts to overemphasize the stereo ef- 
fect. These were simple potentiometers 
bridging the two channels to permit 
mixing of the signals of the two chan- 
nels.1 As such, they could destroy the 
stereo effect, but could not increase it. 
Yet many discs could obviously profit 
by an increase in their stereo effect. This 
prompted the design of the dimension 
control. 

A glance at the diagram reveals a 

striking similarity to the matrixing cir- 
cuits which would be used in a multi- 
plex converter for receiving FM stereo 
broadcasts using the Crosby multiplex 
system. Basically, the left and right 
channel inputs are applied to Vla and 
Vib respectively. Since Vrb is a split - 
load phase inverter, its outputs are 180 

deg. out of phase. The four 100k re- 
sistors mix (matrix) the signals to pro- 
vide a "sum" signal and a "difference" 
signal. This difference signal stands for 
the difference between the left and right 
channels and therefore contains all the 
stereo information. The "dimension" po- 
tentiometer acts as a level control for 
the difference information and there- 
fore controls the over-all stereo effect. 
A voltage divider in the grid of V 

slightly attenuates the sum signal thus 

* 519 E. 86th St., New York 28, N. Y. 
1 D'Errico, "A Variable Stereo Steppres- Fig. 1. Schematic of variable stereo dimension control, affording versatile control of 

sion Control," AUDIO, August 1958. stereo separation both sides of normal 

permitting a relative increase in the dif- 
ference level at high settings of the 
dimension potentiometer. 

The variable dimension control is de- 
signed to be used between the pre- 
amplifier and amplifier of a stereo sys- 
tem. It is essential, however, that the 
input levels of both channels be exactly 
equal; if the left and right channels are 
not of the same level, additional volume 
controls may have to be inserted to 
equalize the channel volumes. Likewise, 
all components in the circuitry asso- 
ciated with V, should be matched within 
very close tolerances to assure exactly 
equal levels at the matrixing network. 

Adjustment is very easy. Feeding a 
signal into the left input, adjust the 
dimension pot for zero output from the 
right speaker. If very careful matching 

was done in choosing the components, 
this should be possible. Otherwise, a 
very sharp null will be observed. Now 
check that a signal in the right input 
produces no sound in the left speaker, 
at the same control setting. Mark the 
position of the control. This is the 
neutral setting which does not change 
the stereo effect either way. A lower 
setting of the potentiometer will pro- 
duce stereo suppression until, at a zero 
setting, a complete mixing of channels 
takes place. A higher setting of the 
control increases apparent depth and 
separation within reasonable limits. 
Needless to say, even this control can't 
make something out of nothing : mono- 
phonic discs will still be . . . mono- 
phonie. Æ 

LEFT INPUT 

RIGHT INPUT 

C 

12AÚ7 

VIA 

V1B 

o.l soK 

100 K 

0.1 

0.1 

100 K 

100 K 

0.1 
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Audio Oscillator Circuits, 
Old and New 

NORMAN H. CROWHURST 

A discussion of various types of audio oscillators which were explored in a 

search for an extremely stable unit intended for very low frequency applications. 

THis INVESTIGATION was instigated by 
the need for rather -low -frequency 
audio oscillators for two particular 

applications, both of which required de- 
scending below 20 cps, down into the 
region of 1 cps. The requirements for 
both applications were similar, so an 
investigation was carried out into the 
properties of different circuits for this 
purpose. A sinusoidal output of variable 
frequency is required, preferably with 
push-pull balanced output. While the 
development work carried out in con- 
nection with this investigation was 
specifically directed toward an oscillator 
for the very -low -frequency range, there 
is no reason why the results should not 
he applied to conventional oscillators 
covering the more normal audio -fre- 
quency range. 

The first thing obvious for the very - 
low -frequency range, however, is that 
the frequency control must be a variable 
resistor, or ganged variable resistors, 
rather than variable capacitors, because 
the reactance of variable capacitors in 
available sizes at the very low fre- 
quencies becomes prohibitive. 

The first possibility investigated was 
that of a phase shift oscillator using the 
circuit of (A) in Fig. 1. It is not prac- 
tical to vary more than two of the re- 
sistors as a maximum for two reasons. 
One is the limitation in availability of 
multigang resistors. The more important 
one is that variation of more of the 
resistors would drastically vary the loop 

* 216-18 40th _ I .. Bayside 61, N. Y. 

gain of the arrangement due to the im- 
pedance variation of the whole circuit. 

The best possibility of obtaining 
variable frequency proved to be using 
a stepped, or tapered R/C arrangement, 
in which the successive values of R and 
C are stepped up in impedance. Using 
this arrangement, preliminary calcula- 
tions showed a change in frequency ap- 
proaching the change in resistance 
value can be achieved. However, even 
with this arrangement the loop gain 
changes drastically with resistance set- 
ting and some means is required to 
maintain uniform gain so that the wave- 
form is reasonably consistent. 

An ingenious possibility in this di- 
rection utilizes a fixed component of 
resistance that modifies the gain in a 
manner inverse to the change in loop 
gain due to the relationship between 
phase shift and attenuation. This is 
shown at (B) in Fig. 1. Choice of cir- 
cuit parameters makes the attenuation 
accompanying the requisite 180 -deg. 
phase shift the same at both extremes 
of resistance control. This is achieved 
as follows: 

When the attenuation is a maximum 
due to the resistance divider action, the 
attenuation accompanying the phase- 
shif t network is made a minimum by 
making all of the R/C elements of 
identical time constant. Increasing the 
frequency -control -resistance value re- 
duces the attenuation of the resistance 
divider and at the same time shifts the 
phase/attenuation relationship of the 

Fig. 1. One version of the simple phase -shift oscillator circuit: (A) in basic form, and 
(B), arranged so change in loop gain with varying frequency setting can be compen- 

sated. 

Fig. 2. Basic positive/negative feedback 
circuit, using the twin -T for frequency 

selection in the negative feedback. 

successive networks so there is greater 
attenuation at the 180 -deg. point. The 
fixed portions of the resistance divider 
are adjusted so the attenuation is the 
same at 180 -deg. phase shift for both 
extreme settings of the control. 

The disadvantage is that this method 
allows the attenuation to be equalized at 
only two points. While the frequency 
analysis of such a network assumes that 
individual frequencies are transmitted 
around the loop, the actual behavior is 
one determined by the instant -to -instant 
changes in electrical charge in individ- 
ual stages of the network. As a result, 
the nonlinearity of the tube character- 
istic can become quite exaggerated and 
the frequency shifted because the circuit 
does not behave as a frequency -analyti- 
cal device but as a differentiator or in- 
tegrator network according to which way 
the R/C combinations are arranged. 

Twin -T Feedback 

The next type to be considered was 
the twin -feedback type using a twin -T 
in the negative feedback and resistance 
elements only in the positive feedback. 
Use of a large forward gain enables 
the twin -T to apply very considerable 
feedback at harmonic frequencies and 
to give a good null at the oscillation 
frequency. The positive feedback is then 
used to maintain oscillation at this fre- 
quency (Fig.2). 
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Fig. 3. Basic positive/negative feedback 
circuit, using a half Wien bridge in the 
positive feedback for frequency selection. 

As is well known the positive feed- 
back requires automatic control using 
a lamp filament in order to make it 
self-adjusting so that the circuit main- 
tains itself at the correct amplitude of 
oscillation to avoid clipping. Operating 
at very low frequencies this circuit suf- 
fers from the disadvantage that the 
lamp filament changes temperature 
cyclically during the waveform. This re- 
sults in considerable waveform dis- 
tortion in the positive feedback. This 
gives the negative feedback an almost 
impossible task of cleaning up the wave- 
form. 

Acquisition of adequately high gain 
without phase shift also becomes some- 
what difficult at these low frequencies. 
Only one stage, of triode type, can be 
used with a cathode follower and direct 
coupling in the cathode circuit for the 
positive feedback, along with direct 
coupling from the plate of the gain 
stage to the cathode -follower grid and 
feedback from the cathode follower 
through the twin -T to the grid of the 
gain stage. Use of more stages than this 
involves us in additional phase shifts 
due to coupling capacitors. 

The practical difficulty in achieving 
high gain with this arrangement occurs 
due to the problem of achieving high 
voltage gain in the gain stage and at 
the same time having sufficient current 
output from the cathode follower to 
operate the filament lamps over a use- 
ful part of their characteristic. The de- 
generation available for harmonic re- 
duction is dependent upon the gain 
obtainable in the gain stage, since the 
twin -T can only give 100 per cent feed- 
back as a maximum and this does not 
occur for second or third harmonics. 

The defective gain might conceivably 
be increased by the twin -T itself at os- 
cillation frequency by using values 
other than the conventional 2 to 1, so 
there is positive feedback at the critical 
frequency instead of a null. However, 
this still leaves the objection that a 
limited negative feedback is available 
for harmonic reduction. 

The next circuit investigated was the 

half Wien bridge type of Fig. 3. This 
again uses a lamp as the automatic ad- 
justment feature but in a different 
configuration. Here the positive feed- 
back uses the frequency selective ele- 
ments while the negative feedback uses 
a lamp to control the amount of feed- 
back. While this circuit could be made 
to work, it too suffers from the disad- 
vantage that the lamp shows cyclic 
variation of resistance when the fre- 
quency gets much below 20 cycles. As 
the lamp is in the negative feedback, 
the intention of which is to clean up 
waveform, cyclic variation of resistance 
results in waveform distortion. 

The Author's Circuits 

Some years ago the author wanted a 
very simple, single -tube oscillator with 
stable output and good waveform and 
developed the circuit of Fig. 4. This 
utilizes a pentode diode tube in which 
the "triode" portion of the pentode, con- 
sisting of the cathode, grid and screen 
grid, acts as an oscillator circuit using 

Fig. 4. An L/C circuit developed some 
years ago by the author, with d.c. feed- 

back for stabilizing. 

a tuned grid LC arrangement with small 
coupling from the screen. In this way 
the screen voltage is almost constant, 
having only a slight fluctuation due to 
the voltage drop across the few turns 
necessary to maintain oscillation. So the 
rest of the tube functions like a pentode 
amplifier. 

Output is taken from the plate which 
merely uses a tuned circuit as an addi- 
tional means of securing a very pure 
waveform. In the particular application 
for which this circuit was developed, 
further coupling was incorporated be- 
tween the plate circuit and the following 
stage, to achieve a positive feedback ar- 
rangement that produced a virtual -in- 
finite -impedance source. 

The useful feature of this circuit for 
the present application was that a 
pentode amplifier with appreciable gain 
provided a large output from which to 
control the bias so as to maintain steady 
oscillation in the "triode" portion with- 
out running to clipping. This was ob- 
tained by utilizing the diode as a means 
of biasing, deriving the signal for the 

diode to rectify from the plate circuit. 
This circuit achieved very steady os- 
cillation conditions and an extremely 
sinusoidal waveform. 

To apply this to very low frequency, 
obviously inductors are not practical. 
They would have to be iron cored with 
a very small air gap and this would 
mean the inductance would be non- 
linear throughout the oscillatory cycle, 
which would result in distortion. So 
another arrangement utilizing an adap- 
tation of the half Wien bridge principle 
was built around a twin triode. This is 
shown at Fig. 5. 

The circuit looks deceptively simple 
but its operation provides quite a stable 
waveform and good control of both fre- 
quency and amplitude. In this case we 
have both positive and negative feed- 
back as well as a means of controlling 
the bias of the gain tube for maintaining 
oscillation. 

The gain and phase inverter halves 
of the oscillator are R/C coupled. But, 
because the phase inverter is of the 
split -load type, the effective grid input 
resistance is extremely high and conse- 
quently a very long time constant can 
be achieved in this coupling without the 
necessity for a very large capacitor. 

Bias for the phase inverter is 
achieved by grid current. This means 
the bias will be strictly proportional to 
signal magnitude. Consequently, the d.c. 
voltages appearing at the cathode and 
plate of the phase inverter will vary 
with signal amplitude. Fortunately, the 
half Wien bridge which takes the feed 
from cathode and plate circuit of this 
tube back to the grid of the gain tube 
has a d.c. return path through the cou- 
pling from cathode. 

Assuming the first half tube had in- 
finite gain, so a hypothetical condition 
can be considered as a design starting 

Fig. 5. This circuit combines positive, 
negative, and d.c. feedback in the same 
elements, and gives balanced push-pull 

output as a bonus. 
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Fig. 6. A variation of the circuit of Fig. 
5, to give bigger output at slight sacri- 

fice of purity and stability. 

point, we can evolve some basic relation- 
ships. If identical R's and C's are used 
in the frequency network, and the posi- 
tive feedback is taken directly from the 
plate, the negative feedback can be 
taken from half way up an equal 
cathode resistor and a null should ap- 
pear at the grid of the gain tube. 

By sliding the tapping point a little 
bit further down the cathode resistor, 
the residual feedback appearing at the 
null point of the series parallel ca- 
pacitance/resistance arrangement at the 
grid of the first tube has a residual 
positive component whose frequency is 
determined by the resistance/capacitance 
combination. This tapping point is 
chosen so the positive feedback residual 
at the grid of the gain tube is just 
slightly more than that necessary to 
start and maintain oscillation with a 
small negative bias on the grid of the 
gain tube. 

This small negative bias condition is 
achieved by use of cathode biasing in 
conjunction with the d.c. feedback from 
the phase inverter under zero -signal 
conditions. The cathode bias is achieved 
by means of a resistance potentiometer 
across the plate supply, using values 
low enough to avoid excessive degenera- 
tion in the gain stage itself. This does 
not require a very high dissipation if a 
low -current tube such as a 12AX7 is 
used for this service. A working gain 
of the order of 30 to 35 with the de- 
generation can quite readily be achieved 
and this allows ample reserve for ade- 
quate feedback to clean up the wave- 
form. 

Alternatively, by making the R's and 
C's in a 2:1 relationship so the junc- 
tion is a center tap between positive and 
negative feedback, the cathode load 
tapping can be nearer 100 per cent, 
yielding a bigger d.c. bias control. 

The advantage of this arrangement, 
whichever value combinations are used, 

is that both positive and negative feed- 
back utilize the same circuit elements 
and, consequently, do not impose exces- 
sive loading upon the output stage of 
the arrangement. The previous Wien 
bridge circuit, where the negative feed- 
back was applied to the cathode of the 
gain stage, invariably necessitated an 
extremely low impedance value loading 
on the output stage and an inordinately 
large capacitor for coupling it if very 
low frequencies were required. 

In this new arrangement each capaci- 
tor has a useful function in the opera- 
tion of the circuit. The capacitor 
coupling from phase -inverter plate to 
grid of the gain stage is part of the fre- 
quency selective arrangement. The ca- 
pacitor shunting from grid of the gain 
stage to the tap of the cathode load is 
also a part of the frequency -determining 
network.. The coupling capacitor from 
plate of the gain stage to grid of the 
phase inverter serves as a bias storage 
element for the grid of the phase in- 
verter, which by direct coupling through 
the cathode load controls the bias point 
of the gain stage so as to maintain 
oscillation at a steady level. 

With these values an extremely stable 
oscillation can be attained at quite low 
level (of the order of a few volts) using 
whatever high voltage supply happens 
to be available. It is quite easily possi- 
ble to increase the output from this ar- 
rangement by tapping down both 
cathode and plate portions for the take- 
off of the frequency selective network, 
as shown at Fig. 6. This means the out- 
put builds up to a larger amplitude 
before the necessary negative bias is 
achieved to reduce gain to the balanced 
operation point. 

This can be carried far enough to 
produce an output in the region of 50 
volts, peak -to -peak, at plate and cathode 
of the phase inverter, using a supply 
voltage in the region of 250 volts. How- 
ever, the effective positive and negative 
feedbacks are considerably reduced by 
this modification so that operation is 
somewhat snore critical and slight devia- 
tion from correct values can more 
readily result in distortion or complete 
cessation of oscillation, than is the case 
in the circuit intended for lower output. 

An important feature in designing 
such a circuit for variable oscillation is 
that the positive and negative feedback 
elements should not introduce apprecia- 
ble loading across the phase -inverter 
loads, or the portions across which they 
are applied. This is relatively easy to 
achieve because fairly low resistance 
values can be used in the plate and 
cathode circuit of the phase inverter 
without materially interfering with the 
phase inversion function. It is quite 
possible to use a 12AX7 with cathode 
and plate resistors in the order of 10,000 
ohms. If the frequency -selective net- 

work uses a fixed resistor of 100k ohms 
and a ganged variable resistor of 1 
meg, it is possible to achieve 10 to 1 

frequency change with negligible loading 
on the phase inverter to throw this out 
of balance. So far so good. 

Transistorization 

Now came the difficult question, a 
transistor version. For both the appli- 
cations mentioned it was desirable that 
the possibility of transistorization be 
considered. 

Most of the foregoing circuits can be 
converted to transistor operation, at 
least for one frequency. The difficulty 
encountered for transistorizing the very - 
low -frequency type oscillator is due to 
the fact that the variable control has to 
be a resistance rather than a capacitance. 
In a tube circuit the variation in im- 
pedance at oscillation frequency is taken 
care of quite conveniently by making 
the frequency -selective network of quite 
high value relative to the source re- 
sistances from which it feeds. The grid 
of the gain stage is always operated in 
negative region, so voltage division only 
has to be considered. 

In a transistor circuit this does not 
prove to be quite so easy. The output 
loading of any feedback circuit is 
basically a current loading. This fact 
promoted quite considerable thought to 
the possibility of changing circuit para- 
meters so as to use a current operation 
base instead of a voltage operation. 
However this is figured, the position of 
C's and R's seems to be difficult for the 
purpose of producing a variable ar- 
rangement using a change of R values 
to control frequency. 

Using current division in place of 
voltage division as the basis for design, 
the logical thing would be to couple a 
collector of a stage into the tapping of 
a series/parallel circuit and take the 
output from the top end. (Fig. 7). How- 
ever, this has two unsatisfactory aspects. 

(1) If the variable resistance in 
parallel at the input is used to control 
frequency, this will vary the collector 
load of the input stage, and 

(2) The series capacitor at the out- 
put end is not particularly desirable 
since it blocks the d.c. connection to the 
base of the stage to which the circuit 
feeds and necessitates some provision 
for bias by other means. 

' Imvw 
1 

11 

1 F-- 

Fig. 7. A logical transposition of the 
frequency -selective elements, when the 
design is based on current division ra- 

ther than voltage division. 
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ALL TRANSISTORS 2N109 
(BUT TYPE NOT CRITICAL) 

Fig. 8. A 
ment see 

complete transistor version of the circuit of Fig. 5. For method of develop - 
text. Values not indicated on this and other circuits are those that will de- 

pend on operational frequency, or frequency range. 

Undoubtedly the complete dual equiv- 
alent of the tube circuit, utilizing in- 
ductors in place of capacitors, as well 
as the other conversions, could be de- 
rived and such a circuit might con- 
ceivably work, except for one important 
limitation : linear inductances for use at 
very low frequencies are much harder 
to come by than are linear capacitors. 

So, nice as the idea might be to change 
our thinking from the conventional 
voltage sou ree basis we have used with 

INPUT 

CHECK 
OUTPUT 

WAVEFORM 

MEASURE 
D.C. CHARGE 

Fig. 9. How the phase-splitter stage was 
set up to obtain the required d.c. feed- 

back component. 
tubes to a current source basis more 
suitable for transistor application, it 
does not seem to work out for this par- 
ticular application. To transistorize 
this oscillator circuit we must think in 
terms of adapting the arrangement we 
have deduced for tubes. This is achieved 
by the circuit of Fig. 8, which works 
quite well. 

The first step in making the circuit 
work was to discover how the transistor's 
curvature might be utilized to provide 
an adjustable gain to permit the circuit 
to use automatic control so it will just 
oscillate. Taking the transistor's dy- 

namic curve at various collector loads 
showed there were two areas of curva- 
ture. One at saturation and the other at 
cutoff. 

The curvature in the region of satura- 
tion is such that, whatever collector load 
is used, the voltage output in the curva- 
ture region must always be very small. 
The curvature in the region of cutoff is 
quite small under most normal oper- 
ating conditions, so as to look like 
clipping. However, by reducing the 
emitter resistance to a low value, this 
curvature can be considerably extended 
and appreciable swing can be utilized 
in the curved region. This is achieved 
by operating the gain stage with vir- 
tually zero external emitter resistance. 
Then internal emitter resistance degen- 
eration being non-linear is what results 
in the curvature. 

Having determined that we want to 
bias the transistor toward cutoff when 
the signal builds up, we know which 
way we want to produce the bias from 

the phase inverte r. This cannot he 
achieved convenier tly by use of the 
phase inverter's internal characteristics, 
as in the case of a triode tube. The 
natural return poin : for a bias resistance 
from the base of a transistor is not 
the emitter, but tome point negative 
(using the convent onal PNP types). 

The phase invert er stage was set up 
with a biasing arrangement incorpora- 
ting a diode, shown in Fig. 9. By biasing 
the base so that, without signal, the 
phase -inverter transistor is passing a 
maximum current with a margin to op- 
erate as a phase inverter, and phasing 
the diode so that signal biases the base 
more positive, so as to reduce the tran- 
sistor current, a s.etisfactory d.c. com- 
ponent can be o stained. Utilizing a 
bias point for the other side of the diode 
suitable for this p-urpose, the phase -in- 
verter current swings quite conveniently 
in proportion to the signal amplitude 
being handled. 

One thing more is necessary at this 
point. When this iE. coupled to the gain 
stage, the diode current introduces dis- 
tortion in the form of clipping on one 
side of the waveforms. To obviate this, the 
diode needs feeding from an emitter 
follower through a capacitor. 

The other emitter follower, shown at 
the extreme left of Fig. 8, is needed to 
avoid the change in impedance due to 
frequency adjustment from materially 
affecting the loop gain. This emitter 
follower has the effect of transforming 
the impedance on )oth sides of it by a 
ratio proportional to the current gain 
of the stage. 

Now we come to the difficult part. 
How to operate the gain stage with zero 
external emitter z esistance f The first 
method tried was to reduce this re- 
sistance to a very low value, by using 
a potentiometer biasing on the emitter, 
similar to that shown in Fig. 5 for the 
tube version. Values down to 8 ohms be - 

(Continued on page 58) 

ALL TRANSISTORS 2N109 
(RUT TYPE NOT CRITICAL) 

-12V 

4-6-8V 

Fig. 10. An alternative version of the circuit, to utilize two separate supplies, in- 
stead of the common resistor method of Fig. 8. 
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Radio Interference in 

Audio Equipment 
JOHN C. RICE 

The author describes some sources and effects of radio -fre- 
quency disturbance in audio circuitry and suggests meth- 

ods by which these effects may be eliminated or reduced. 

uPON THE RECENT ADDITION Of a new 

preamplifier and low-level magnetic 
cartridge to a stereo system, an an- 

noying buzz was noticed. In this par- 
ticular case, the cause was traced to 

radio -frequency interference from a 

nearby television station. These experi- 
ences and hints are intended for those 

who are troubled by radio -frequency 
disturbance in their music systems. 

Sources of Interference 

To understand the following it is nec- 

essary to realize that interference is in- 
troduced to the amplifier or other audio 
equipment as an r.f. signal. In the equip- 
ment the signal is demodulated into an 
audio -frequency noise. 

The first two obvious sources are that 
of radio and television. Interference of 
this type is found in strong -signal areas, 
usually in cities or around transmitting 
towers. Broadcast stations (and local 
amateurs) can be recognized by their 
program content, although sometimes 
more than one station will be heard 
simultaneously. In cases of TV inter- 
ference, the amplitude -modulated TV 
picture transmission is heard, after de- 

modulation, as buzz. The cable place- 
ment in the audio equipment is critical 
and a person's position near the equip- 
ment may have an effect on the buzz. In 
fact the input cable behaves in much the 
same manner as a pair of TV rabbit 
ears in its placement. 

A second source of interference is 

spurious radiation. Generators of this 
noise would be electrical equipment, 
motors, switches, (including the phono- 
graph switch), and neon and fluores- 
cent lamps. Fluorescent lamps are radi- 
ators of r.f. which carries a modulation 
of hum or buzz at the power frequency. 
Additional generators of this type would 
be ignition systems, including oil burn- 
ers. 

The origin of still other problems 
lies in external electronic equipment. 
For instance random oscillation of one 
stage in a neighbors TV or radio set 
may have surprising effects. His set may 
radiate a tone or perhaps an electrical 
noise present in his area. His equip- 
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ADDED RESISTOR (5 K-100 K) 

OR CHOKE (5Nh-100ph). 

Fig. 1. Location of grid filter in first 
stage of preamplifier. 

nient may even receive, detect, and re- 
transmit the entire program content at 
another frequency. 

Injection of Interference 

To become an audio disturbance, the 
r.f. signal must get into the equipment 
and be detected. Signal introduction 
can occur in a number of ways. One 
path is through the shielded low-level 
input lead, which acts as a VHF an- 
tenna. If this is the case, the signal level 
at the first tube must reach a voltage 
greater than the bias grid rectification 
(and subsequent detection) to occur. 
After detection the noise will appear at 
every following stage. 

However, interference need not be in- 
troduced at the first stage. Other leads 
may introduce a signal to a later tube. 
An unshielded tube may receive the 
radiated noise directly; or perhaps the 
filament line itself may carry the signal. 
If the signal is injected at a stage other 
than the first it will generally have to 
be at a very high level to begin with. 
First, because bias on successive stages is 

Fig. 2. Method of adding r.f. filtering to 
filament circuits. 

higher, and second, because the lower 
amplification it will receive in the fewer 
remaining stages will reduce its ap- 
parent level. 

Elimination of Interference 

To remedy the annoyance, the trouble- 
some amplifier stage must first be lo- 

cated. This can be done by simply start- 
ing at the output and removing tubes 
until the interference stops. The r.f. 
signal, once located, is then removed 
with shielding or a filter of some sort. 

An r.f. signal present on the grid of 
a tube may be removed by an r.f. choke 
or a resistor (Fig. 1) which, in com- 

bination with wiring and input ca- 

pacitance of the tube, forms a low-pass 
filter for the removal of the r.f. The 
value of the added component is chosen 
to provide, with the capacitance of the 
tube, the necessary filter action for the 
frequency you desire to attenuate. An 
additional small -value capacitor could 
be connected between the grid and 
ground to provide a lower filter cutoff 
frequency. There is usually no harm in 

the addition of a resistor, because what- 
ever grid current there is flowing is 

exceedingly small. However the series 
combination of filter and grid resistor 
should not exceed the manufacturer's 
maximum specified grid resistance. A 
small value r.f. choke in place of the 
resistor might result in an oscillation 
which, although inaudible, could cause 
distortion at that amplifier stage. Cau- 
tion should be used when adding com- 

ponents to avoid affecting audio re- 
sponse. 

Filament radiation may be corrected 
by the addition of r.f. chokes and/or 
capacitors to the filament line in the 
manner of Fig. 2. Most r.f. interference 
on the power line will not pass a good 
electrostatically shielded power trans- 
former. However under -chassis lead ca- 
pacitance may effectively bypass the 
shielding. In these cases a power line 
interference filter could reduce the noise 
problems considerably. 

If the annoyance is caused by tele- 
vision synchronization buzz coming in 

(Continued on page 64) 
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Loudspeaker Distortion Due to 
the Doppler Effect 

VIRGINIA RETTINGER 

Why does a two- or three-way loudspeaker system usually sound better than 
a single -unit radiator? The authoress shows how the action of a loudspeaker 
cone carrying two frequencies simultaneously results in a form of distorion. 

THE ACTION of a loudspeaker cone 
is sometimes likened to that of a flat, 
weightless circular piston vibrating 

in an infinite baffle, or to that of a pul- 
sating sphere whose radius periodically 
increases and decreases, or to that of an 
oscillating sphere whose radius remains 
constant while the sphere moves forward 
and backward. None of these concepts 
coincides accurately with existing con- 
ditions as far as the movement of the 
paper cone of a direct -radiator loud- 
speaker is concerned. Hence, while in 
the following the concept of a vibrating 
piston in an infinite baffle will be em- 
ployed, it must be understood that there 
are limitations to the applied theory, 
and that calculations may or may not 
coincide precisely with corresponding 
physical measurements. 

Under the excitation of a low -fre- 
quency electrical current, a woofer cone 
moves, more or less, as a unit. Under 
the excitation of a high -frequency cur- 
rent, however, it is generally the cen- 
tral portions of the diaphragm which 
vibrate most intensely. But what hap- 
pens when a low -and a high -frequency 
signal are simultaneously actuating the 
speaker 7 The answer is that the high - 
frequency radiator (central part of 
cone) is moving back and forth in space 
at the rate determined by the low -fre- 
quency signal. This phenomenon, con- 
sidered a form of distortion, has been 
termed frequency -modulation distor- 
tion, and was first examined by G. L. 
Beers and H. Belar.1 

This type of distortion is directly pro- 
portional to the excursion required by 
the speaker cone to execute its low -fre- 
quency travel for a given power input, 
and to the modulated, or high, fre- 
quency. Mathematically this relation- 
ship is given by 

D.F.=.033df2 
where 

D. F. = distortion factor 
d= amplitude of cone motion (each 

side of mean position) in inches 

5007 Haskell Ave., Encino, Calif. 
1 G. L. Beers and H. Belar, "Frequency 

modulation distortion in loudspeakers," 
JSMPTE, April, 1943; p. 207. 

at the modulating, or low, fre- 
quency. 

f5 = modulated, or high, frequency 
The derivation of the equation, given 

in the noted reference, is rather long 
and complicated, and cannot be repeated 
here. Suffice to say that it is based on 
the concept of the Doppler effect and 
the well known analysis of frequency 
modulation. A frequency -modulated 
wave can be considered to consist of 
a carrier and an infinite number of side - 
bands. The carrier has a constant am- 
plitude, and the side -bands are located 
symmetrically about the carrier and are 
spaced at intervals equal to the modulat- 
ing frequency. Depending on the degree 
of modulation, however, the amplitude 
of the carrier is less than that of the 
original wave. The distortion factor is 
defined as the ratio of the square root of 
the side -band power to the square root 
of the total power. 

The Doppler effect is also well known, 
and is characterized by a change in 
sound pitch due to the relative motion 
of the source and observer. When a 

.1 
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ó 
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e- 
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PISTON DIAMETER 1 WATT OUTPUT 

10 100 

FREQUENCY 

1000 

Fig. 1. Amplitude of vibrating piston for 
one -watt acoustic output. 

sound generator and a listener are ap- 
proaching each othor, as in the case of 
a train coming tow ards one, the noted 
pitch is higher than the actual frequency 
of the sound source. Similarly, when 
generator and observer separate, the ob- 
served pitch becomes lower. 

Mathematically the Doppler effect 
may be expressed b: 

-- vo 

f V v f$ 8 

where 

y = velocity of sound in medium 
vo=velocity of observer (assumed to be 

zero for this came) 
v8 = velocity of source 

= Kf8 cos 2n f8t 
K = constant 
f8 = frequency of source, or modulating 

frequency 
f2 = modulated frequency 
f = observed frequency 

Substituting these values in the above 
equation, we obtain 

vf2 
f v-Kf; cos 2z f8t 

f4 

1- hf"- cos 21c f8t 

f __iv 

K 1 

1- - cos 2n f8t \ 8 Ä,y 
The relationship for the amplitude of 

a vibrating piston in an infinite baffle is 
given by 

1.185X105 VWd= 

f2D4 
(inches) 

where 

D = piston diameter, inches 
W = acoustic power, watts 
f = frequency 

Figure 1 shows this relationship 
graphically, for one acoustic watt out- 
put on part of the piston. 

To appreciate what large cone deflec- 
tions are involved in the case of the really 
low frequencies, consider a 16 -in. diam- 
eter piston radiating 0.25 watts of acous- 
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TIE STEREOMASTER !! 
The "Small -car" of the audio world 

A car doesn't have to have 200 or 300 horsepower to 

function adequately. Witness the popularity of small low - 

powered imported cars. In much the same way, an amplifier 
will still provide ample volume for home systems even though 
it may produce less power than most amplifiers now on the 

market. From PIONEER of Japan comes the STEREOMASTER, 

a stereo amplifier with an output of 15 watts. It incorpo- 
rates on a single compact chassis a sensitive FM -AM -short 

wave medium wave and stereo preamplifier and power 
amplifier, thus providing unequalled versatility and simplicity 
in assembling a stereo system for the home. 

5M -R150 
15 WATTS STEREO AMPLIFIER 

5 Otowacho 6-chome, 
Bunkyo-ku, Tokyo 

OUTSTANDING FEATURES : 

Low distortion, low noise and unexcelled high sensitivity 
tuned circuit 
Provides tape playback directly from tape playback head 
More than enough power for home applications 
May be used as channel amplifiers for HI -LO two -channel 
system 

SPECIFICATIONS 
Range : AM 535 to 1,605 kilocycles 

3.8 to 12 megacycles 
FM 80 to 108 megacycles 

Rated Power : 15 watts (7.5 watts X 2) 
Frequency Response : within 0.5 db from 20 to 20,000 cps 
Crossover Frequency: 3,500 cps (6db per octave attenuation) 

FM -R301 
AM -FM TUNER AMPLIFIER 

FM- P300 
15 WATTS AM -FM TUNER AMPLIFIER 

FUKUIN ELECTRIC, TOKYO, JAPAN 
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Fig. 2. Magic eye indicator. 

allowance has to be made for the dif- 
ference between the meter indication 
and the actual (higher) level of the 
transients. 

The Magic Eye Tube 

While there are several versions of 
the magic eye tube, the most common 
type employed in tape recorders is that 
represented in Fig. 2. With no signal 
applied to the tube (grid), a green 

dication is tied in with the signal going 
to the record head and thence onto the 
tape. At a suitable point in the record 
amplifier, the audio signal is tapped off 
and fed to the magic eye tube. This 
signal goes through a voltage divider, 
which supplies the proper proportion 
of the signal required to drive the in- 
dicator. This proportion is experimen- 
tally determined by the manufacturer of 
the tape machine. It is more the ex- 
ception than the rule to find a variable 
voltage divider in home machines so 
that one can adjust the amount of signal 
fed to the record -level indicator. How- 
ever, a few home machines do contain 
a control-usually accessible internally 
-which permits the service technician 
or any other person equipped with the 
necessary instruments and knowledge to 
adjust the signal going to the magic eye 
tube so that its indication will cor- 
respond with maximum permissible dis- 
tortion on the tape. 

AMPLIFICATION 
STAGE 

VOLTAGE 
DIVIDER 

RECORD 
EQUALIZATION 

RECORD HEAD 
DRIVER 

RECORD 
HEAD 

Fig. 3. Feeding the audio signal to the magic eye indicator. 

fluorescent glow suffuses about three 
quarters of the face of the tube, as at 
(A) . The remaining quarter is in shadow ; 

in other words, the eye is open. As audio 
signal is applied to the tube, the shadow 
narrows, as indicated at (B). If suf- 
ficient signal is applied, the eye closes 
completely, as at (C), or even overlaps. 

The problem-of the manufacturer or 
service technician-is to correlate the 
amount of signal fed to the magic eye 
tube with the amount of signal im- 
pressed on the tape so that when the 
eye barely closes this corresponds to 
maximum permissible recording level. 
On home recorders, the maximum level 
is usually between 3 and 5 per cent 
harmonic distortion, corresponding 
roughly to 30 per cent or more of in- 
termodulation distortion. This is a tre- 
mendous amount of IM distortion, but 
occurs only-or is supposed to occur 
only-on peaks. At normal levels, which 
are typically 10 to 20 db below peaks 
on audio material, intermodulation dis- 
tortion will drop to levels consistent 
with fidelity standards. 

Figure 3 shows how the magic eye in - 

Assuming that the magic eye tube is 
properly calibrated, optimum results 
are obtained if the operator allows the 
eye to close just barely on audio peaks. 
If the eye overlaps once in a great while, 
there is probably no significant harm. 
But if the eye completely closes or over- 
laps many times a minute, then the re- 
corded signal is apt to take on the 
roughness and mushiness symptomatic 
of excessive distortion. On the other 
hand, if the eye seldom or never quite 
closes, the chances are that the re- 
cording level is too low, which means 
an unnecessary sacrifice in signal-to- 
noise ratio ; and there is none of this 

to spare in any machine, much less one 
of the home type. 

To some extent, the permissible re- 
cording level will vary with the nature 
of the program material. Ordinarily, 
more distortion is tolerable on speech 
than on music. And on certain kinds of 
music a given amount of distortion is 
less offensive than on others. This is 
where experience and skill in recording 
enter into the picture. 

As mentioned before, a prime ad- 
vantage of the electronic indicator is 
that it responds instantaneously to 
transients (usually responsible for the 
peak audio levels), so that one obtains 
a correct indication of how much signal 
is going onto the tape. On the other 
hand this immediate response is not 
only an advantage but can also be a 
source of difficulty. When the transients 
are strong and frequent, the magic eye 
will fluctuate so rapidly that the op- 
erator finds it difficult to discern its 
meaning and to set recording level prop- 
erly. The extent of this difficulty, de- 
pends of course upon the nature of the 
program material being recorded. A 
fiery composition is apt to offer much 
more of a problem than quiet, relaxed 
music. 

To minimize the problem, a number 
of tape recorders, as indicated in Fig. 4, 
incorporate a "floating action" circuit 
which maintains the eye for a brief 
period at the maximum degree of clo- 
sure. This circuit may be described as a 
"one way street." It permits the eye to 
respond (to close) very quickly when a 
transient comes along. But it does not 
permit the eye to open with the same 
degree of rapidity. Thus the high read- 
ing is maintained for a short while. A 
typical floating action circuit may allow 
the eye to close in about one -thousandth 
of a second, but may not allow it to 
open for about one -twentieth of a sec- 
ond. Although one -twentieth of a second 
may seem extremely brief, yet it is long 
enough to increase substantially the fa- 
cility with which the magic eye can be 
read. If the persistence time were in- 
creased greatly, it would become difficult 
to judge the frequency of transients and 
make a corresponding adjustment of re- 
cording level, bearing in mind that this 
adjustment depends not only upon how 
great the signal peaks are but also how 

(Continued on page 35) 

AMPLIFICATION 
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BUT PERMITS IT TO 

Fig. 4. Use of a floating action circuit to facilitate reading the magic eye indicator. 
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from Ilitinfosh... 
PERFECTION in Stereo Control 

MODE SELECTOR 'NUANCE 

L R 0 

STEREO UST RIGHT 

REV M MOW 

PHASE HF CUTOFF FILTER 

91EC 

rut 

AURAL COMP 

2 3 

INPUT SELECTOR 

PHONO 1 

5 M 

TUNER 2 5 PHONO 2 

1 M 

TAPE 1 

AUX Ë TAPE HD 

RECORD COMPENSATOR 

BASS TREBLE 

100 RIM 
-B RIM 0TAPE TAPE 
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BASS TREBLE 

0 

COMPENSATOR 

FOR 
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Industrial design by George H. Kress Associates. $225 less cabinet 

lllc hitosh « 
VOLUME 

OFF 

rapi TATE 

!ACA COWAN 

CINN.ct ÀYEAc nr.'Art 
CHF LECCAI --- 

STEREO COMFENSATOR 

Simplicity, flexibility, and beauty have been integrated by careful engineering 

and design in the McIntosh C-20 Stereo Compensator. The greatest listen- 

ing pleasure in stereo or monophonic reproduction is assured as a result 

of over a year of careful and diligent research in the requirements of a new 

preamplifier designed for stereo. Full stereo flexibility has been provided plus 

built in protection for your investment in monophonic records. McIntosh has 

designed in the C-20 Stereo Compensator the necessary features required to give 

the finest monophonic reproduction the keenest listener may require. 

Complete satisfaction is yours in monophonic and stereophonic with the McIntosh 

C-20 Stereo Compensator. 

M4ntoeh...,a ctuL 



FACILITIES 

Mode Selector: 6 positions including Stereo, Stereo 
Reverse, Left channel on left speaker 
only, Right channel on right speaker 
only. Left channel on both speakers, 
and Right channel on both speakers. 

Monophonic: Internally parallels and decouples a 
stereo phono cartridge to offer best 
quality reproduction from mono- 
phonic records. 

Tone Controls: Treble: boost 13 db at 20.000 cycles 
attenuate 18 db at 2Ó.000 
cycles 

Bass: boost 16 db at 20 cycles 
attenuate 20 db at 20 cycles 

Trim Controls: Separate channel back panel con= 
trols to balance the frequency re- 
sponse of the system independent of 
front panel controls. 

Equalization: Separate bass and treble 6 position 
switches, including NAB tape and 
flat for mike or any other low level 
flat source. 

Aural Compensator: Fletcher-Munsen compensation, con- 
tinuously variable. 

Rumble Filter: Rolloff to reject low frequency dis- 
turbances such as rumble. 

High Frequency Two positions, 9 KC and 5 KC to 
Cutoff: suppress high frequency hiss and 

noise. 
Phase: 180° phase reversal to compensate 

for out of phase speakers or source 
material. 

Balance: Attenuates alternate sides of center 
fU db each channel to balance for 
unequal source material. 

Tape: Front panel jacks, push button 
switch controlled, to permit the ad- 
dition of a portable tape recorder 
without disrupting the equipment 
permanently installed. 

Tape Monitor: To permit instantaneous monitoring 
of tape before and after recording. 

BASS COMPENSATION NNW COMPENSATION 

Nu TARE 

50 

100 

100 

Odb 

046 

1AA 

]00 500 INC INC RC 

TOME CONTROLS 

5NC IO(C 20NC 

TROILF 

Mb 

-AA 

IOA 

200 SOO INC INC 2(C SNC IpNC 20(C 

Odb 

J A 

1AA 

2AA 

2A 
70 

SPECIFICATIONS 

Power Requirements:. 117 VAC; 35 watts 

Input Sensitivity Auxiliary, Tape, and 2 Tuner 0.25 V 
and Impedance: at 470K 

2 Phono, Low: 2.5 MV at 47K 
High: 12.5 MV at 47K 
XTal: 0.1 V, very high 

2 Tape Head, Low: 1.25 MV at 47K 
High: 6.25 MV at 270K 

Tape Monitor: 0.25 V at 130K 

Frequency Response: ±0.5 db 20 to 20,000 cycles 

Distortion: Less than 0.2% at rated output, 20 
to 20,000 cycles 

High level inputs: 85 db below rated 
output 
Low level inputs: less than 2 micro- 
volts at input terminals ( 115 dbm) 

Main: 2.5 V with rated input 
Tape: 0.25 V with rated input 

Low level inputs: 1000-1 Main Out- 
put 
Low level inputs: 100-1 Tape Out- 
put 
High level inputs: 10-1 Main Out- 
put 
High level inputs: 1-1 Tape Out- 
put 

Hum and Noise: 

Outputs: 

Gain: 

A.C. Aux. Outlets: 1 unswitched for tape machine or 
turntable and 3 switched 

Size: 

Weight: 

Chassis: 14x2 inches wide; 41/4 inches 
high; 12 inches deep 
Front panel: 143/4 inches wide; 41/4 
inches high 

17 pounds 

ANILAL COMPENSATOR 

20 

RUMBLE FILTER 

RF OR 

30 

oA 

1AA 

2AA 

a2A 
100 200 NC 2X 

100 200 500 

IAA 

2AA 
INC INC 

PUT 

SRC IOIC 2Oü 

BA 

Adb 

Odb 

2NC SOC IOCC 20TC 

TRIM CONTROLS 

100 200 500 INC 

flHnto&ih LABORATORY INC., 4 Chambers St., Binghamton, N. Y. 
IN CANADA, MANUFACTURED BY McCURDY RADIO INDUSTRIES, LTD.; 22 FRONT STREET WEST, TORONTO 
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Fig 5. Use of two neon lamps as re- 
cord -level indicators. 

(Continued from page 32) 
often they occur. In other words, in- 
creased persistence time would cause the 
transients, as they appear on the magic 
eye tube, to become a blur. 

The Neon Lamp 

Least expensive of all record -level in- 
dicators is the neon lamp. This is an on - 
off device, with no intermediate indica- 
tion. It produces an indication only when 
the recording level is at or above a 
certain point. If the recording level is 
too low (with signal-to-noise ratio un- 
necessarily reduced), the lamp does not 
indicate how much too low. Even the 
magic eye tube, with its varying shadow, 
provides some indication of the extent 
to which the recording level is below 
normal. If the recording level is too 
high, the neon lamp fails to indicate by 
how much. The magic eye tube provides 
a little information in this respect, as 
indicated by eye overlap. The only in- 
dication of over -recording in the case 
of the neon lamp is how frequently it 
ignites. 

The greatest flaw is the failure to 
provide an indication when recording 
level is too low. However, this is cor- 
rected in some machines by using two 
neon lamps, as in Fig. 5. One, called 
the "distort" lamp (or similar term), 
ignites at the maximum permissible re- 
cording level. The other, called the 
"normal" lamp (or similar term), ig- 
nites at a lower level-usually about 6 
to 10 db below the acceptable distortion 

Fig. 6. The VU meter, Type A scale. 

point. The objective for the operator is 
to try to adjust the recording level so 
that the normal lamp is ignited most of 
the time but the distort lamp is ignited 
as seldom as possible. Again, the nature 
of the program material must affect the 
operator's decision concerning recording 
level. 

The neon lamp has inherent floating 
action. That is, the signal required to 
fire the lamp is appreciably greater than 
the voltage at which the lamp goes out. 
Accordingly, the glow produced by a 
transient lasts longer than the transient. 

The VU Meter 

The VU meter-or a similar type of 
meter-is most commonly found in semi- 
professional and professional tape re- 
corders, although on occasion it also ap- 
pears in the so-called home machine. As 
a matter of fact, there has been an in- 
creasing trend toward use of meters in 
home -grade machines, and some famil- 
iarity with the operation and charac- 
teristics of meters as record -level in- 
dicators is therefore all the more likely 
to be useful to the home recordist. 

Characteristics of the VU Meter 

VU means volume units. These units 
are simply decibels. The zero point on 
the scale (see Fig. 6) is an arbitrary 
reference level; when the VU meter is 
connected in the standard manner-with 
a 3600 -ohm series resistor across a 600 - 
ohm line (See Fig. 7)-a 0 reading 
denotes 1.23 volts of signal at the source 
(or 2.5 milliwatts of power in the line). 
All other readings on the VU scale are 
simply in terms of decibels above or 
below the 0 reference level. For record- 
ing purposes, the reference level is sig- 
nificant only in relative terms, denoting 
that maximum permissible recording 
level has been reached, after which point 
tape distortion becomes excessive. The 
absolute meaning of the reference level - 
1.23 volts-is of no consequences for re- 
cording purposes. 

As may be seen in Fig. 6, the VU 
meter also contains a 0 to 100 (per cent 
of maximum permissible voltage) scale, 
which some users may find more con- 
venient for recording purposes. In fact, 
in some VU meters the positions of the 
two scales are reversed, as shown in 
Fig. 8.1 

The VU meter has been designed not 
only to have a certain sensitivity but, 
much more important, to have certain 
characteristics that facilitate the op- 
erator's understanding of the nature of 
the audio signal. For one thing, the 
standard VU meter must have a fre- 
quency response within ± 0.2 db between 

' Both are "Standard ;" Type A is usually 
employed where levels are being read in db. 
Most recording and radio studios choose 
Type B, which then shows "percentage 
utilization" of the channel. ED. 

3600 -OHM 
EXTERNAL RES STOR----4\ 

600 -OHM 
OUTPUT 

TRANSFORMER 

TO OUTPUT STAGE 

OF 
PLAYBACK AMPLIFIER 

VU 
METER 

OUTPUT TERMINALS 
OF TAPE MACHINE 

Fig. 7. Standard method of connecting a 
VU meter. 

35 and 16,000 cps. It must respond 
quickly to audio signals; the standard 
requirement is that when a sine wave 
of 2.5 milliwatts power is suddenly in- 
troduced in the line, the pointer should 
reach 99 on the percentage scale within 
0.3 seconds. On the other hand, sudden 
application of power should not cause 
the meter to overshoot and give a false 
indication ; here the requirement is that 
sudden application of the same signal 
should cause overshot of no more than 
1.5 per cent. The meter, furthermore, 
must be a hardy device. It should be 
able to withstand continuously five times 
the voltage that produces a 0 VU indi- 
cation, and it should be able to with- 
stand for one-half second a ten -fold 
voltage overload. 

Advantages of the VU Meter 

Compared with electronic record -level 
indicators, the VU meter has the fol- 
lowing advantages for tape recording 
purposes. 

1. It provides a quantitative indica- 
tion of the extent to which the recording 
level is above or below that correspond- 
ing to maximum permissible distortion. 
Thus the recordist can vary the re- 
cording level by a desired amount. To 
illustrate, he may know from experience 
that he should record a certain type of 
program material about 4 db below the 
usual level in order to keep distortion 
satisfactorily low. With the aid of a 
meter indicator, he can achieve a db 

Fig. 8. Type B VU meter scale, which 
features units showing percentage of 

maximum permissible voltage. 
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Fig. 9. Use of the VU meter to measure 
bias current and playback level, in ad - 

normal use in measuring re- 
cording level. 

reduction quite closely. With an elec- 
tronic indicator, however, he could not 
be sure whether the reduction is of the 
correct amount. 

2. The VU meter, if made by a repu- 
table manufacturer, is a standard and 
relatively uniform product, so that one 
meter provides essentially the same in- 
dications as another. If the meter must 
be replaced (much more likely due to 
accident than normal usage), the new 
one will provide very nearly the same 
indications as its predecessor. This is 
not nearly as true of electronic indica- 
tors, where the tolerances are such that 
significantly different readings may be 
obtained between two magic eye tubes 
or two neon lamps for the same signal. 
Thus one neon lamp may fire at a voltage 
3 db higher or lower than another neon 
lamp of the same kind. 

3. The characteristics of the VU meter 
remain stable with use and the passage 
of time. 

4. If one insists upon top quality re- 
cording in terms of low distortion and 
wide frequency response, accompanied 
by a high signal-to-noise ratio, and if 
at the same time one wishes to record 
at speeds below 15 ips, the value of bias 
current supplied to the record head is 
quite critical. It is very important then 
to adjust bias current to the correct 
value as indicated by the tape recorder 
manufacturer or as determined by the 
recordist equipped with the instruments 
for checking frequency response and 
distortion. Assuming that the correct 
bias current is known, it is highly de- 
sirable to be able to check quickly and 
easily whether the actual value cor- 
responds to the desired value. In many 
high -quality machines containing a 
meter, a switching arrangement is in- 
corporated that permits one to use the 
meter to measure bias, as illustrated in 
Fig. 9. The machine will also have a 
control (usually on the rear panel or 
internal) that permits bias current to 
be adjusted if its value proves to be 
incorrect. (However, enough warmup 
time -15 minutes or more-should be 

dition to 

allowed for bias current to stabilize.) 
The electron -ray tube and the neon 

lamp are not sufficiently accurate in 
their characteristics to enable them to 
be used for measuring bias current with 
the necessary precision. If bias current 
is too great, high -frequency response 
will suffer, although distortion usually 
will decrease at the same time. If bias 
current is too low, there will be con- 
siderably better high -frequency re- 
sponse, but at the expense of more dis- 
tortion. Thus the correct value of bias 
represents a fairly critical compromise 
point. 

5. In some situations, as in a re- 
cording or broadcast studio or in other 
instances where professional equipment 
is employed, it is necessary to know the 
level of the tape playback signal to in- 
sure that the following equipment is 
being neither overloaded nor supplied 
too little signal for proper operation. 
Therefore in semi-professional and pro- 
fessional tape machines it is the practice 
to have a switching arrangement that 
enables the meter to measure the play- 
back level, also shown in Fig. 9. 

On the other side of the coin, there 
are also disadvantages to the use of a 
meter as a record -level indicator. One 
is that the meter is relatively expensive 
compared with electronic indicators. 
Another is that the meter requires 
special circuitry to drive it properly 
and to isolate it from the recording 
signal (a low impedance source is re- 
quired), which further raises the cost. 
A third, as already mentioned is that 
the meter does not follow transients but 
lags behind them; this important prob- 
lem is discussed at greater length in the 
next section. 

Calibration of the VU Meter 

Due to mechanical inertia, the meter 
pointer cannot follow very sudden and 
strong impulses. Thus one may obtain a 
meter indication as much as 10 db, and 
on some occasions as much as 20 db, be- 
low the true signal level, as illustrated 
in Fig. 10. Therefore in calibrating the 
VU meter so that its indication cor- 
responds to maximum permissible re- 
cording level, a different procedure may 
be in order than for electronic indi- 
cators. In the case of the meter, it is 
desirable to make an allowance for the 
difference between the pointer indication 
and the actual level. 

Accordingly, a number of manufac- 
turers of tape recorders adjust the 
calibration so that the meter will read 
0 VU when a sine wave (usually 400 
cycles) is being recorded at a level sub- 
stantially less than that which causes 
maximum permissible distortion on the 
tape. The safety margin is usually be- 
tween 6 db and 10 db, depending upon 
the tape recorder in question. In other 
words, the meter is "set ahead," so that 

on a steady signal it indicates distortion 
"too soon." But on program material, 
where the meter fails to keep up with 
transients, the amount by which the 
meter is set ahead more or less com- 
pensates for the amount that it lags 
behind. 

It is not absolutely necessary that 
the meter be set ahead in the manner 
described. In fact, some tape recorders 
fail to do so at all. It then becomes 
necessary for the recordist to make full 
allowance for the lagging nature of the 
meter. This means that he should not 
allow the pointer to exceed approxi- 
mately the -10 VU mark. However, this 
crowds the operating range of the meter 
into a relatively small part of the scale. 

It should be clear from the above 
discussion that if one acquires a tape 
recorder with a meter type of indicator, 
it is important to the user to find out 
if the meter is set ahead and by how 
much. To illustrate the point, a recent 
review of a tape machine employing a 
meter emphasized that clean recordings 
could be obtained with this unit only if 
the pointer were kept below the -10 
VU mark. 

Whether or not the meter is set ahead, 
the adjustment of recording level is 
far from a mechanical operation. In- 
stead, experience and judgment must be 
brought to bear. The relationship be- 
tween average levels, as indicated by 
the meter, and peak levels, which the 
meter cannot follow, will change in ac- 
cordance with the material being re- 
corded. As previously indicated, peaks 
may be as much as 20 db higher than the 
program average. Or they may be only 
6 db higher. Thus in some cases the 
recordist may allow the VU meter to 
hit 0 VU or even higher without in- 
curring audible distortion. For other 
program material, he may find it neces- 
sary to hold the pointer well below 
0 VU in order to keep distortion in- 
audible. 

Other Meters 

Not all meters found in tape re- 
corders are VU meters. In some in- 
stances, particularly machines of the 
home variety, the manufacturer has in- 
corporated an inexpensive meter that 
simulates professional appearance with- 
out professional performance. Its main 
virtue is that it wriggles. The writer has 

AUDIO WAVEFORM INITIATED 
BY A STRONG TRANSIENT 

LEVEL READ 
BY VU METER 

PE. =K 

LEV:: 

Fig. 10. Difference between actual sig- 
nal level and VU meter indication. 
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The world's 
most sensitive 

FM. TUNE R 

NEW I 
o 

And designed for a long future! 
FISHER DOES IT AGAIN! Year after year, tuner after tuner, there is only one best-THE FISHER. Today, 
the leader is the FM -100, latest in a series of FISHER FM tuners now used by radio stations, the Satellite 
Tracking Project of Ohio State University and by many government agencies. The reason is simple- 
these tuners meet the exacting standards of performance and reliability required by professional users. 

And where standards are concerned, the audio enthusiast is, in his own right, a professional. He'desires 
maximum sensitivity for optimum reception of stations near and far. FM -100 SENSITIVITY is 0.8 microvolts 
for 20 db of quieting! The audio enthusiast wants an FM tuner that permits simple adaptation to 
stereo. THE FM -100 IS CUSTOM -DESIGNED FOR STEREO. It has space directly on its own chassis for installa- 
tion of a multiplex adaptor. Moreover, it includes feed -through facilities for FM -FM and FM -AM stereo 
as well. The audio enthusiast expects maximum fidelity. THE FM -100 OFFERS FOUR WIDE -BAND IF STAGES, 

uniform frequency response (20 to 20,000 cps) and less than 0.5% harmonic distortion. The audio 
enthusiast wants an FM tuner that eliminates noise when tuning between stations. THE FM -100 EXCLUSIVE 

INTERSTATION NOISE SILENCER automatically eliminates noise, side -band response and unwanted weak 
and noisy signals. For the audio enthusiast who buys the best at the outset, there is only one truly logical 
choice-IT IS THE FISHER FM -100 TUNER. $159.50 Cabinet, $15.95 

Slightly Higher in the Far West. 

WRITE TODAY FOR COMPLETE DESCRIPTIVE LITERATURE 

-7,P+ FISHER RADIO CORPORATION 21-29 44th DRIVE LONG ISLAND CITY 1, N. Y. 

Export: Morhan Exporting Corp., 458 Broadway, New York 13, N. 

AUDIO JULY, 1959 37 



Recording the pizzicato movement of 
the Bartók after a long, grueling session 
to determine recording techniques most 
suitable for the special problems involved. 
It is 3:00 A.M. the day of the concert. 

LIVE r13. RECORDED CONCERT at CARNEGIE 
RECITAL HALL 

On January 10th, 1959, a "Live vs. Recorded" concert was given 
in New York City; protagonists were the internationally famous 
Fine Arts Quartet and a pair of AR -3 speaker systems in stereo, 
driven by Dynakit preamplifiers and Mark III amplifiers. 

At pre -determined intervals the members of the Quartet would lay 
down their bows, allowing reproduced sound to substitute for the 
live music. After a minute or so they would take over again live" 
without interrupting the musical continuity. (A carefully 
synchronized stereo tape had been made the night before in the same 
hall by Concertapes, Inc., for whom the Fine Arts Quartet records 
exclusively.) 

Excerpts from reviews of this concert appear on the facing page. 

Leonard Sorkin, first violinist of the Fine 
Arts Quartet, listens critically to trial 
recording. 

The formal concert, during one of the "live" portions 

Advertisement 



Fig. 11. Isolating the VU meter from the 
playback circuit to minimize distortion. 

come across instances of this kind where 
not only was the meaning of the meter 
reading open to serious question, but 
the meter was connected to the circuit 
in a manner seriously deleterious to op- 
eration of the record amplifier. The user 
would have been far better served by a 
magic eye tube or neon lamp indi- 
cator. 

On the other hand, a meter does not 
have to be a VU meter in order to 
render equivalent service. In some tape 
recorders, a meter of moderate sensitivity 
is driven by a vacuum tube amplifier in 
order to achieve the same sensitivity as 
a true VU meter. And the meter move- 
ment, obtained on special order, is de- 
signed to have the same characteristics 
as a VU meter with respect to frequency 
response, speed of response, overshoot, 
and so on. 

Loading Distortion 

A meter is a non-linear device. That is, 
depending upon the voltage of the audio 
signal at a given instant and whether 
the voltage is positive or negative at this 
instant, the effective resistance of the 
meter changes. When placed across the 
audio signal, the VU meter presents a 
changing load, which results in dis- 
tortion. That is why it is necessary to 
have a 3600 -ohm resistor in series with 
the VU meter, as was shown in Fig. 7; 
this resistor helps keep the loading dis- 
tortion suitably low. One of the stand- 
ard requirements of a VU meter is that 
when connected in the manner of Fig. 5, 
it shall cause not in excess of 0.2 per 
cent harmonic distortion. 

In some tape recorders, as an extra 
precaution, the VU meter is isolated 

Irom the audio signal by an extra tube 
stage, usually a cathode follower, as 
shown in Fig. II. 
Recording on the Basis of Playback Level 

In some tape recorders, either through 
the operator's choice or through the de- 
sign of the machine, the recording level 
is determined on the basis of the signal 
coming off the tape rather than on the 
basis of the signal going to the record 
head. As illustrated in Fig. 12, the VU 
meter is connected to the playback am- 
plifier; a suitable proportion of the 
playback signal, obtained through a 
voltage divider, is fed to the meter so 
that the latter gives the proper read- 
ing. At the saine time, the gain control 
of the playback amplifier is placed in a 
predetermined position so that the 
meter reading may correctly indicate 
recording level. 

Through the above technique, one is 
judging recording level on the basis of 
the signal that actually gets onto the 
tape. When using different brands of 
tape or different lots of the same brand, 
there may be differences of a few db 
in tape efficiency; that is, for the same 
signal presented to the tape there may 
be different amounts of signal recorded 
on the tape. But the amount of distortion 
tends to vary with the signal recorded 
on the tape. Therefore it may be more 
desirable to set recording level in terms 
of the amount of signal on the tape 
rather than in terms of the signal pre- 
sented to the tape. Furthermore, in a 
recording or broadcast studio there may 
be operational advantages in leaving 
the meter always connected to the play- 
back amplifier (except when checking 
bias current). 

On the other hand, there is at least 
one disadvantage to the above procedure. 
The level of the program material can- 
not be checked unless the tape is in 
motion and being recorded; otherwise 
there is no playback signal. Many re- 
cordists, however, will wish to evaluate 
first the level of the program material, 
adjust the recording gain control ac- 
cordingly, and then put the tape into 
motion. Æ 

PLAYBACK 
AMPLIFIER 

PLAYBAC K 

LEVEL 

BIAS o 
LEVEL 

RECORD 
LEVEL 

OUTPUT 

ADJUSTED TO PERMIT READING 
RECORDING LEVEL CORRECTLY 
ON THE BASIS OF PLAYBACK 
LEVEL. 

Fig. 12. Reading recording level on the basis of playback level. 

rom reviews of the 
LAVE r'. R.EC(OÌRDEI 
t'ONC- T 

Record Guide (Larry Zide) 

"When I wasn't looking I was never quite 
sure which was which .... Directly after 
[the movement from the Bartók quartet] 
the audience was informed that except for 
the first eight bars ... the whole had been 
recorded. I must confess that I was com- 
pletely fooled." 

AUDIO (C. G. McProud) 

"The program notes for the concert suggest 
that ... if the audience cannot detect the 
switchovers, the demonstration would be 
successful. By this criterion we would have 
to say that it achieved at least 90 per cent 
of success." 

high fidelity 
"The [listeners] up front were able to dis- 
cern an occasional difference during transi- 
tions from live to recorded sound, while the 
deception was essentially complete for the 
man farther back ... But during the pizzi- 
cato movement from the Bartók ... source 
location seemed to make no difference; the 
recording fooled just about everyone." 

etrgen c uening netorò 
(Stuart Davis) 

"Only by observing the musicians was it 
possible to detect the switch ... The repro- 
duced sound was so like the original it was 
difficult to believe." 

The ultimate test of sound reproducing 
equipment, we believe, is its ability to 
stand up under an "A -B" test in which 
"A" is the real thing. The influence of 
dramatic but unnatural coloration is 
automatically eliminated, and faithful- 
ness to the original sound becomes the 
sole standard. 

The speaker systems and amplifiers 
used in this concert were designed for 
the highest quality possible, limited 
only by the present state of the art. 
Descriptive literature is available for 
the asking from: 

DYNACO, INC. Mark III amplifier kit $79.95 
617 41st. St. Preamplifier kit $34.95 
Phila., Pa. Stereo Control kit $12.95 

ACOUSTIC RESEARCH. INC. 
24 Thornlike St. 
Cambridge 41, Mass. 

AR -3 
speaker 
system $216.00 
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PROFIlI 
AMPEX 960 TAPE RECORDER 
AND ASSOCIATED EQUIPMENT 

liy virtue of appearance, size, and sim- 
plicity of operation, the Ampex 960 is in 
the "home tape recorder" class. In perform- 
ance it is professional. It is a highly versa- 
tile stereo machine capable of meeting al- 
most any desired mode of operation. It 
operates at either 7.5 ips or 3.75 ips. It 
can operate monophonically or stereophoni- 
cally. It can play either two -track or four - 
track stereo tapes. It has separate record 
and playback heads, desirable not only for 
monitoring purposes to ascertain whether 
the recording is a faithful imitation of the 
original signal, but also desirable to achieve 
various special effects that will be discussed 
later. It permits mixing of low-level and 
high-level signals that are being recorded. 
And so forth. About the only thing of con- 
sequence that it cannot do is to record 
four -track stereo tapes. 

As a complete stereo machine the 960 
contains four separate amplifiers, two for 
recording the left and right channels and 
two for playing the left and right channels. 
These amplifiers can be used in various 
combinations, depending upon the positions 
of a recording selector switch and a play- 
back selector switch. For recording, there 
are altogether four gain controls. Two are 
for high-level input signals, one being for 
the left channel and the other for the 
right channel. These controls are coaxially 
mounted, and while they may be operated 
individually, they may also be operated as 
a single ganged control because there is 
sufficient friction between the shafts so 
that turning one will turn the other. Simi- 

larly, there are two coaxial gain controls 
for left and right microphone inputs. And 
there are two coaxial gain controls for 
playback, one for the left channel and the 
other for the right channel. 

The playback selector switch has four 
positions: OFF (entire machine shut off), 
MONITOR, SINGLE, STEREO. In the OFF posi- 
tion the incoming signal from a high-level 
source is routed to the output jack; this is 
true for each channel. Frequently a tape 
recorder is connected to a control amplifier 
so that the recorder interrupts the path of 
signals going through the amplifier; in- 
stead, these signals are routed to the tape 
machine for recording purposes. At the 
same time, the only signal that can go 
through the control amplifier is that which 
comes from the output jack of the tape 
machine. Accordingly, in the OFF position 
the Ampex 960 provides for continuation 
of the signal path. 

Exactly the same thing happens in the 
MONITOR position of the playback selector 
switch; also, the 960 is turned on in this 
and subsequent positions of the switch. By 
alternating between one of the subsequent 
playback positions and the monitor posi- 
tion, one can compare the quality of the 
playback signal, as heard through one's 
audio system or through headphones, with 
the original signal that is being recorded. 

The next position of the playback selec- 
tor switch, called SINGLE, is intended for 
monophonic playback. This routes the sig- 
nal from the left channel into both output 
jacks, so that one may hear the sound on 
both speakers. The last position, STEREO, 
routes the playback signal from the left 
channel to the left output jack, and the 

Fig. 1. The Ampex 
960, shown with 
the Ampex Stereo - 
Graph, described 

in the text. 

signal from the right channel to the right 
output jack. 

The recording selector switch has three 
positions, two for stereo and one for mono. 
There are two stereo positions, marked R 
and L. In either position, both channels 
are recording, provided one has pushed 
down the record button when turning the 
play -record knob to set the transport in 
motion. With the switch set to R, the rec- 
ord level meter reads the signal fed to the 
right channel; with the switch set to L, it 
reads the signal fed to the left channel. 
When the switch is set to single (mono), 
recording takes place only on the left chan- 
nel. This prevents erasure of materials on 
the right channel. 

The three heads-erase, record, and play- 
back-are of the stacked two -track stereo 
type. However, for playing four -track 
stereo tapes, the playback head can be 
moved up slightly so that the two gaps 
will correspond to the tracks on a four - 
track tape. The head is moved by a small 
lever protruding from behind the head 
housing. 

The record -level indicator is of the meter 
type. It is not a VU meter (although its 
action is similar) but is driven by a vac- 
uum tube amplifier and rectifier. The dial 
is divided into two sections. About two- 
thirds of the area to the left is labeled 
normal, while the remainder at the right 
is called high. The recordist should adjust 
recording level so that at maximum excur- 
sion the pointer hits the limit of the normal 
area but does not exceed it; of course this 
will vary somewhat in accordance with the 
type of material being recorded. When the 
machine is set to RECORD, the meter is 
illuminated. This not only facilitates read- 
ing the meter but, more important, serves 
as a warning that the tape is being re- 
corded and thereby guards against acci- 
dental erasure of a tape. 

Like most professional machines, the 960 
does not employ pressure pads to maintain 
close contact between the tape and the 
heads but depends upon the guide path and 
tape tension to maintain such contact. 
Avoidance of pressure pads helps minimize 
wow and flutter, particularly high fre- 
quency flutter, which is more objectionable 
and a greater deterrent to clean recording 
than low frequency flutter. The 960 routes 
the tape around a spring arm, which, 
when suddenly released as the result of the 
tape running out, stops the reels. 

The recorder has internal adjustments 
for bias level, for varying the record -level 
indication, and for minimizing noise due to 
the bias frequency (by balancing the two 
halves of the dual -triode oscillator). These 
are all important adjustments which may 
be necessary when replacing the oscillator 
tube, the tube that drives the record -level 
meter, or the record head. The bias and 
record -level adjustments may also prove 
useful if one employs a tape with sub- 
stantially different characteristics than the 
tapes commonly used, for example a high - 
output tape. 

Equalization, contrary to the practice of 
many professional machines, is fixed. On 
the other hand, 5 per cent components are 
used in both the record and playback 
equalization networks to assure close con- 
formity with the required curves. 

In recording, the 960 produces about 1 

per cent harmonic distortion at 400 cps 
when the meter pointer is at maximum 
normal position. At a level about 6 db 
greater-well into the high area-about 3 
per cent harmonic distortion is generated, 
which nowadays is generally considered the 
maximum permissible recording level. 
(Some professional machines treat 1 or 2 
percent as the allowable maximum; on the 
other hand, many home machines, including 
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Years Ahead 
New Bogen stereo receiver is years 
ahead in price and in performance 

NO ONE BUT BOGEN, builder of over one 
million high-fidelity and sound - 
distribution components, could have 
engineered this new high-fidelity 
stereo receiver, the SRB 20. A superb 
all -in -one stereo instrument, it's a 
highly sensitive FM -AM stereo tuner, 
it's a versatile stereo audio control 
center, it's a magnificent 20 watt (10 

per channel) stereo amplifier, and it's yours for only $199.50 
-a price you'd expect to pay for a comparable tuner alone! 

BOGEN'S ENGINEERING STAFF, largest 
of any sound -equipment maker, de- 
signed each circuit stage of the SRB 
20 as an individual unit. By concen- f/$ trating on each stage separately, 

1; _; they can pack more value, more clean 
performance in less space than is 
otherwise possible. The separate 
stages are then carefully, logically 

arranged in an overall circuit of proven superiority. This new 
Bogen concept eliminates wiring clutter, prevents hum and 
distortion, provides savings which are passed on to you. 

Bogen's engineering excellence, crystallized during 25 years 
of building specialized sound systems for schools, theatres, 
industrial plants and offices, is yours to enjoy in the new 
SRB 20. Put it in a cabinet or on your bookshelf (it fits 
easily). Ask your Bogen dealer to show it to you today. 

CONTROLS: Selector, FM Tuning. AM Tuning. Separate Bass 
and Treble for each channel (lock for simultaneous control 
of both). Volume for each channel (correct imbalance, then 
lock for simultaneous control). Separate On -Off Power. FM 
On -Off and AFC. AM On -Off. Multiplex. 

Send for illustrated booklet, "Understanding High Fidelity." 
64 -page explanation of hi-fi and stereo. Enclose 25c please. 

kiyt\1,tt\ns:tc¢` ! eve u 
: !t . 

tltp, .&o --c cn ct., tu -ce 
-to .6teiueA 

BOGEN -PRESTO co., Dept. A79, P. 0. Box 500, Paramus, N. J. A division of the Siegler Corporation 
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several of very high quality, treat 5 per 
cent as the allowable maximum.) Accord- 
ingly, the meter provides some 6 db margin, 
based on a 3 per cent distortion level, for 
the fact that the pointer lags behind 
transients. In other words, the pointer 
shows maximum permissible level when a 
steady-state signal is actually 6 db below 
that level. This is a reasonable margin of 
safety to prevent over -recording due to the 
inability of the meter to keep up with the 
signal. 

Based on a 400 -cps signal recorded at a 
level producing 3 per cent harmonic dis- 
tortion, this observer measured a signal to 
noise ratio of 57 db in playback at 7.5 ips. 
Needless to say, this is remarkably good. 
The user will not have to worry about noise 
and hum marring his enjoyment, as is so 
often the ease with home tape recorders. 
Even at very loud playback levels, and 
during quiet passages, noise and hum from 
the 960 are nonobtrusive; tape hiss is the 
dominating noise. 

Frequency response was measured both 
by ear and by instrument. The ear is a 
better test. A high -quality mono phono- 
graph record was simultaneously recorded 
and played back at 7.5 ips on the left 
(mono) channel. Monitoring the original 
signal against the tape playback signal, the 
writer could perceive only extremely slight 
differences from time to time, and when 
there was a noticeable difference he could 
not be sure whether he was listening di- 
rectly to the record or to the tape playback, 
except for the telltale position of the play- 
back selector switch. With someone else op- 
erating this switch, he was left in a quan- 
dary. In sum, the recording was close to a 
perfect facsimile of the original. 

However, when recording on the right 
channel, there was a slight veiling of the 
high end. An instrument check revealed 
that frequency response was down 2 db at 
10,000 cps and 12 db at 15,000 cps on the 
right channel at 7.5 ips, whereas response 
was but 2.5 db down at 15,000 cps on the 
left channel. The latter is very close to the 
Ampex specification of 2 db down at 15,000 
cps. When operating at 3.75 ips on the left 
channel, there was a similar slight veiling 
of the sound. Nonetheless, the quality of 
reproduction could still be considered very 
good by all except highly critical ears. 
When recording and playing back at 3.75 
ips on the right channel, the veiling effect 
became more definite. At 3.75 ips, response 
at 10,000 cps measured only 2 db down on 
the left channel and 9 db down on the 
right channel. 

It is possible that the discrepancy be- 
tween the left and right channels with re - 

Fig. 2. The Ampex 
880 stereo micro- 
phone kit (left), 
and the 881 
stereo headset kit 

(right). 

speet to high -frequency response in the unit 
tested by the writer lies in the azimuth 
alignment of the lower and upper gaps 
with respect to each other in either the 
record or the playback head. Accurate 
azimuth alignment of the gaps relative to 
each other is very difficult to achieve, and 
it is to be expected that an occasional head 
will fail to measure up to the desired ac- 
uracy. 

Sensitivity of the 960 appears to be 
nuite adequate for microphones. However, 
it appears marginal for high level inputs 
inasmuch as 0.3 volt is required at 400 cps 
to enable one to record at a level suffi- 
ciently high to produce 3 per cent harmonic 
distortion. Playing a record with an ESL 
C-60 cartridge through a Dynakit control 
amplifier and feeding the 960 from the 
tape output jack of the Dynakit, the writer 
found it necessary to turn the high-level 
gain control of the 960 almost full on to 
obtain adequate recording level. It seems 
possible that on low-level records or weak 
radio or TV signals one might not be able 
to record at a satisfactorily high level. 

Motion of the transport mechanism is 
very good, as checked by ear on steady 
signals and as observed on an oscilloscope. 
Speed is quite accurate for a machine not 
using a hysteresis motor. The writer meas- 
ured speed as being about 4 seconds fast 
in a 10 minute run of a test tape. This is 
about % of 1 per cent error in pitch, which 
extremely few of us can detect. 

On the whole the 960 handles well in 
terms of transporting the tape at operating 
speed and in terms of rapid wind and re- 
wind. The writer found it virtually im- 
possible to break the tape by changing 
quickly from one mode of operation to 
another, even when the motor is shut off 
during rapid wind or rewind, a difficult 
test to pass. However, he did find one 
mechanical difficulty of serious proportions, 
which may or may not be an aberration 
unique to the unit that was tested. If the 
machine were put into fast wind position, 
the stop button pushed, and-before the 
reels had comae to a halt-the play -record 
knob actuated to move the tape at normal 
speed, this would cause a rubber belt in 
the drive mechanism to jam. The belt is 
the one that drives an idler wheel which in 
turn drives the takeup reel. When the 
takeup reel moves faster than the idler 
wheel and the two are brought together (by 
the play -record knob), this causes the belt 
to throw a loop to the right side, jamming 
it between the flywheel and the support for 
the record level meter. Extricating the belt 
is simple, but first one must remove the 
top -plate, which requires several minutes 

and is a nuisance. If the difficulty is char- 
acteristic rather than confined to a single 
machine, it seems the manufacturer could 
readily solve it by including an additional 
guide to prevent the belt from looping 
excessively. Of course, one shouldn't put 
any tape recorder in the play or record 
mode while the reels are moving, but it 
could be done by inadvertence. 

Some difficulty was also noted concern- 
ing the speed selector knob. The knob 
causes a rubber belt between the motor 
shaft and the capstan to move up and 
down, thereby riding either a large diame- 
ter (up) or small diameter (down) portion 
of the shaft. The "owners manual" supplied 
with the 960 has a note stating "Equipment 
must be on when changing speeds." This 
does not appear adequate for two reasons. 
First, the note is not displayed prominently 
enough; it appears nowhere in the instruc- 
tion booklet or the "stereo -graph" accom- 
panying the 960. Second, it is difficult to 
change from the 3.75 ips speed to the 7.5 
ips speed (from down to up) if the equip- 
ment is on but the tape is in motion. One 
should attempt this speed change only 
when the equipment is on and the trans- 
port mechanism is in the idle position. If 
one attempts to change from 3.75 ips to 
7.5 ips under other circumstances, there is 
danger of jamming the capstan drive belt. 
In fact, even when making the change 
properly, one will occasionally hear a pro- 
testing sound from the belt, signifying that 
it is not moving as intended. The thing to 
do is to push the speed change knob clown 
again, then try once more, using a sure, 
quick motion to bring it up. 

There is an interesting point worth 
mentioning in connection with the two 
knobs used for wind -rewind or setting the 
transport into the play -record modes. These 
are of flimsy construction, and deliberately 
so. They are intended as shear knobs that 
will break in the event the operator tries 
to force the transport into a mode of oper- 
ation for which it is not intended-for 
example, if one attempts to turn the play - 
record knob when the transport is in the 
fast wind mode. This is characteristic of 
the intelligent design that is apparent 
when one looks "under the hood" of the 960 
to inspect its mechanical operation. 

Electronics 

The record and playback amplifiers in 
the 960 are of simple, straightforward de- 
sign. In recording, two triode stages are 
employed for amplification of high-level 
signals, the second triode serving as the 
record -head driver. All recording equaliza- 
tion-treble boost-is achieved by what is 
practically a standard circuit, consisting of 
a large cathode resistor which is bypassed 

Fig. 3. With the 960, it is easy to learn 
a language with the instructor on one 
track and your own phrases cri the other, 
facilitating home pract;ce end providing 

immediate and direct comparisons. 

42 AUDIO e JULY, 1959 



Big or Little 
Every Bozak speaker system, from the magnificent B -310A and B-400 to the competent little 

new "SPINET" Series offers the very best sound in its class All are made from the same 

components-have the same capacity for Systematic Growth - and are distinguished above all 

others for outstanding musical quality Even where space is sharply limited yet musical 

standards are high, the new Bozak two-way B-500 and the three-way B-502 out- perform any 

other small speaker system Only 141/2"x 231/2"x 111/2" they combine modest price and 

size with an unmuffled bass, balanced midrange, sweet, musical highs, and clean transients. 

From the largest to the smallest, your Best Buy is BOZAK DARIEN CONNECTICUT 
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by a series resonant coil and capacitor 
tuned to about 15,000 cps. When recording 
from a microphone, two additional triode 
stages are used. 

In playback, one dual triode provides all 
the amplification (for one channel). This 
is succeeded by a cathode follower to pro- 
duce a low output impedance. Peak output 
is about 0.5 volt, which should be sufficient 
to drive virtually any home audio system. 
Playback bass boost is produced by plate - 
to -cathode negative feedback (from the 
second triode to the first), using a turnover 
frequency of about 3000 cps at 7.5 ips, 
which for practical purposes is NARTB 
equalization (the precise NARTB turnover 
is 3180 cps). For high gain and simplicity, 
the equalization circuit does not incorpo- 
rate a turnover point at 50 cps, per NARTB 
requirements, but depends upon the charac- 
teristic "sloppiness" of the feedback curve 
at very low frequencies to level out the bass 
boost in the manner required by NARTB. 
The writer measured response down 2 db 
at 50 cps, which agrees with the Ampex 
specifications; the NARTB standard per- 
mits response to be down as much as 4 db 
at 50 cps. 

At 3.75 ips, Ampex uses bass boost with 
a turnover of approximately 1500 cps, 
which is interesting to know in view of the 
industry's tendency to follow Ampex's lead. 

As stated earlier, the 960 is a very versa- 
tile instrument. In addition to the variety 
of recording and playback modes already 
mentioned, it permits several special func- 
tions, such as echo -chamber effects, sound - 
on -sound recording, and language instruc- 
tion, where instructor and student record 
on separate tracks and the results are 
compared. 

The 960 is an attractive package and, 
considering all that it contains, a compact 
one, measuring about 17" wide (bear in 
mind that the distance across two 7" reels 
is 14"), 14" deep, and 9" high in the case. 

In closing, it should be noted that the 
960 is accompanied by extensive instruc- 
tions in the form of a booklet that lists 
the various modes of operation and details 
the setting of each control for each mode. 
For the operator's convenience, these list- 
ings are also supplied in the form of a 
slide rule that Ampex calls a stereo -graph. 

Ampex 2010 Amplifier -Speaker 
The 2010 comprises a speaker and am- 

plifier in a single case of the same dimen- 
sions and appearance as the 960 tape re- 
corder. The speaker is about 8" in diameter. 
The amplifier is essentially the Mullard 520 
circuit, employing an EF86 pentode at the 
front end directly coupled to a long tailed 
phase splitter, a 12AU7, driving a pair of 
6V6's operated as tetrodes. Negative feed- 
back from the secondary of the output 
transformer to the cathode of the EF86 is 
frequency discriminating to compensate the 
losses of the speaker at the bass and treble 
ends of the audio spectrum. Ampex refers 
to this arrangement as an "electro-acousric 
transducer." In addition, there is provision 
for varying the feedback network to pro- 
vide either bass boost or treble boost by 
means of a single tone control on the front 
panel. 

The front panel also contains a gain con- 
trol and a selector switch, which turns the 
amplifier on and off and selects one of the 
following inputs: TAPE, TUNER, PHONO, and 
TV. Hence the amplifier can serve as a 
control center in conjunction with a tape 
machine, tuner, and other signal sources. 
The phono input is not intended for mag- 
netic pickups inasmuch as the 2010 does 
not contain a preamplification and equal- 
ization stage. On the other hand, there 

would be some difficulty in accommodating 
piezoelectric cartridges inasmuch as these 
typically require a load impedance between 
1 and 3 megohms, whereas the input im- 
pedance of the 2010 is only 0.25 megohm. 
By advancing the tone control toward the 
bass -boost position, one might obtain pass- 
able bass response from a piezoelectric 
cartridge. 

The 2010 has a tape output jack for 
feeding incoming signals to a tape re- 
corder. In any selector position but tape, 
the incoming signal is fed to the tape out- 
put jack. Thus the 2010 is a complete 
companion to the 960. 

Performance of the 2010 at the bass end 
is surprisingly good. This is partly due to 
the bass boost incorporated in the am- 
plifier to balance the speaker characteris- 
tics. It is also due to the acoustic loading 
of the speaker. About half -way between the 
front and rear panels is a thick rectangular 
pad of felt or felt -like material that parti- 
tions the enclosure. This serves to damp 
the speaker and prevent a substantial re- 
sonant peak from developing well up in 
the bass region due to the limited size of 
the enclosure. 

Over-all the 2010 sounds well-balanced 
and pleasing on music, with the tone con- 
trol at mid -position. To the extent there is 
a deficiency, this appears to be more at the 
high end than at the low end. On speech, 
the 2010 sounds definitely bassy. However, 
the tone control is available for correction. 

The writer played several stereo tapes 
of good quality on the 960 in conjunction 
with two 2010's, and the results were highly 
satisfactory. One of the tapes was a violin 
concerto, and in the passages for full 
orchestra the sound had a breadth and 
depth that made it difficult to believe it 
was emanating from two relatively tiny 
speaker systems. The sound was completely 
disassociated from the speakers. It was 
true stereo. 

There was no information in any of the 
materials accompanying the 2010 as to its 
power rating and other specifications. The 
writer wanted to make measurements, but 
found it very difficult to remove the ampli- 
fier from its case because of a tight fit, and 
gave up the attempt. This raises a question 
as to what the owner will do when he wishes 
to test and/or replace tubes. 

Ampex 880 Stereo Microphones 

The 880 is a set of two microphones, each 
with an 8 -foot cable. They appear to be 
Electro-Voice 623 microphones, which are 
high -impedance dynamic units with a rated 
response of 60 to 12,000 cps. The cable is 
limited to 8 feet in order to prevent signifi- 
cant treble loss. The cable has about 500 
µµf capacitance, which is about 60 µµf per 
foot. Should the user need to work at a 
greater distance than 8 feet from the tape 
recorder, he can substitute microphone ca- 
ble with a capacitance of 25 to 30 µµf per 
foot, which makes a 15 -foot length feasible. 

The microphone does a very good job, 
consistent with the quality of the 960 tape 
recorder. When a tape was made with one 
of these microphones as the source, repro- 
duction was quite life -like upon playback 
through a high -quality speaker system 
(although bassy when played through the 
2010). The 880 microphone was compared 
with a more expensive Electro-Voice micro- 
phone that is very well regarded in audio 
circles, and there was not much to choose 
between the two. Some listeners preferred 
one and some the other. (Incidentally, this 
points up the fact that microphones, some- 
what like speakers and cartridges, are bet- 
ter evaluated subjectively than object- 
ively.) 

Ampex 881 Ste:eo iiecidphoncs 

The 881 consists of headphones with 
provision for feeding the left signal to one 
ear and the right signal to the other ear. 
It has a 5 -foot cable and comes with an 
adapter having a 91/2 -foot cable, so that it 
may be used at distances up to 141/2 feet 
from the tape machine. At one end of the 
adapter are two phone plugs that fit into 
the output jacks of the 960. At the other 
end is a small box with two jacks, in 
parallel. Each jack carries both the left 
and right signals and is designed to accept 
a 3 -conductor phone plug. The cable of the 
headphones terminates in such a plug. The 
purpose of the extra output jack of the 
adapter is to accommodate a second pair 
of phones. 

The Ampex 881 is the only item of Am- 
pex's home stereo equipment that proved a 
disappointment to the writer, possibly be- 
cause the unit tested was defective. The 
sound was tinny and not pleasant, in no 
way comparable with the quality of the 
2010. The writer was reminded of some of 
the speakers he has encountered at outdoor 
movies. Moreover, wearing the headphones 
more than a few minutes proved oppressive 
and uncomfortable. Given a choice between 
speakers and headphones, the only reason 
that the writer can find for using the head- 
phones would be for monitoring purposes 
or language instruction. 

On the other hand, if circumstances com- 
pel one to listen through headphones, the 
Ampex 881 definitely proves a point: that 
stereo listening is far superior to mono 
listening. 

When listening to a properly -made 
stereo tape, having good center fill, the 
results are much more acceptable than when 
listening to a "fake stereo" or "ping pong" 
tape having extreme separation between 
sounds on the left and on the right. The 
writer listened to a "ping pong" tape of a 
Broadway musical, and it was irritating to 
hear a soloist in one ear and orchestra in 
the other, or a duet with each singer in a 
different ear. On the other hand, when 
listening to a stereo tape with good left - 
right fusion, the results were much better 
-hut still tinny. G-25 

PRECISE MARK XXIV 
"INTEGRA" STEREO AMPLIFIER 

Combining many attractive and nor- 
mally luxurious features into an econom- 
ically priced stereo amplifier is somewhat 
of a manufacturing chore these days, but 
Precise seems to have done just that with 
the new "Integra" stereo amplifier, Mark 
XXIV. This unit incorporates two indi- 
vidual amplifier-preamps in a single com- 
pact unit, with each one capable of 20 watts 
output, or when paralleled, a total of 40 
watts on the resulting single channel. 

This amplifier, shown in Fig. 4, is built 
with an unusual layout -each section being 
essentially separate. The left three knobs 
in the top row pertain to the channel 1 
amplifier, while the right three pertain to 
channel 2, with bass, treble, and volume 
controls. The lower left knob is a master 
loudness control affecting both channels, 
thus permitting independent adjustment 
of levels yet providing for a ganged con- 
trol for convenience in operation. The 
lower right knob is the selector, with posi- 
tions for stereo phono, stereo tuner, tuner 
with TV, TV alone, and tape amplifier. The 
slide switches, from left to right, are: 
power on and off, with a third position con- 
trolling panel illuminating lamps ; con- 
tour, with normal, -10, and -20 positions; 
function, with positions for stereo, multi- 
plex, monophonic, and mute-which si- 
lences the amplifier while you answer the 
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There are two 
ways to design a piece of equipment: One is to fix 
the cost and design around it. The other is the 
Pilot way: produce the finest unit possible and 
then price it accordingly. If we knew of another 
useful feature to add to our Pilot 690-A, you 
would find it in the list below. Not cost for cost's 
sake, but for performance's sake. " " 

PILOT 690-A STEREOPHONIC (50 
FM -AM TUNER -DUAL PREAMP: G 
Tuner Section: A deluxe, professional stereo unit offering 
the ultimate in reception, even in difficult fringe areas. Its 
independent FM and AM sections may be used individually 
for FM or AM alone, or simultaneously for FM -AM stereo- 
phonic broadcasts. With an external Multiplex demodulator, 
the 690-A will provide FM Multiplex stereo reception. FM 
tuner features include 1 microvolt sensitivity for 20 db of 
quieting: low -noise, dual -triode golden -grid cascode RF am- 
plifier with accurately tracked antenna and interstage circuit 
tuning. Freedom from drift is assured by means of a tem- 
perature compensated oscillator. Wide -band detector (1,000 
kc wide) makes tuning completely non -critical. Audio output 
constant and independent of signal level. 3 I.F. stages and 
2 limiters, dynamic gated beam and saturation type. Inter - 
station noise suppression (muting) with control for optional 
muting defeat. Independent FM tuning meter for true center - 
of -channel tuning and precise station selection. Built-in FM 
power -line -cord antenna, and facilities for 300 -ohm twin lead 
and 72 -ohm coaxial cable included. AM Section: Sensitivity, 
2 microvolts; employs germanium diode detector for maxi- 
mum efficiency, lowest distortion. Features high -gain pen- 
tode RF amplifier, 2 steep -skirted I.F. stages with front 
panel bandwidth control and 10 kc whistle filter. I.F. inter- 
ference rejection trap. Separate AM tuning meter. Built -In 
ferrite -core antenna. Dual cathode follower outputs permit 
long cables without signal loss. 
Preamplifier Section - The preamplifier has two identical 
channels. Unique automatic shutoff enables record changer 
to optionally turn off entire system after last record 
has played. DC heater supply; feedback tone control cir- 
cuits; audio and tape outputs. 4 independent tone controls 
with Pilot TroLoK for optional ganging. 14 inputs. 3 pairs of 
high level inputs for permanent simultaneous connection of 
FM -AM tuner, Multiplex adapter and tape recorder. 4 pairs 
of low level inputs for tape head, microphone and permanent 
connection of record changer and turntable. All inputs non - 
shorting to permit tape recording and playback without 
short-circuiting tape recording signal or changing of plugs. 
Electronic crossover for monophonic operation. Mono posi- 
tion on Mode switch automatically cancels out undesired 
vertical stereo cartridge response when playing monophonic 
records. 18 tubes, 5 diodes, plus rectifier. Size: 145/s" wide 

51/2" high x 141/2" deep. Weight: 25 pounds. Complete with 
enclosure. $289.50. 
Write far ur Brochure describing in detail the Pilot 40th 
Anniversary Stereophonic Component Series: Stereophonic 
Tuners -$179.50 to $289.50. Stereophonic Preamplifiers - 
$89.50 to $199.50. Stereophonic Amplifiers-$89.50 to 
$139.50. Stereophonic Preamplifier -Amplifiers -$129.50 to 
$199.50. All prices slightly higher in the West. 

PILOT RADIO CORP., 37-04 36th St.. Long Island City 1, N. Y. 
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telephone-; and a channel reversing 
switch. 

The chassis is arranged to accommodate 
a multiplex adapter inside the case, it be- 
ing necessary only to make a number of 
connections after the adapter is installed 
physically. Thus no external devices must 
he added to make it possible to add multi- 
plex operation to the amplifier. 

On the rear panel are provided a phase 
reversing switch and a hunt balance con- 
trol, together with the inputs and outputs 
and an a.c. outlet. The phono preamp has 
inputs for magnetic or ceramic/crystal 
cartridges, and dual outputs are provided 
to feed a tape recorder. 

Each amplifier channel employs two 
6BQ5's (EL84's) (EL84A's), half of a 
12A1.37, and one and a half 12AX7's. Plate 
power is supplied by a 6AC4 (EZ81), while 
bias for the output stages is furnished by 
a germanium diode working in conjunction 
with a neon regulator tube to maintain a 
constant bias voltage. The effectiveness of 
this circuit shows up in the output figures. 

Pe. formante 

The unit tested measured 3 per cent IM 
distortion at 19 watts, but up to 12 watts 
the figure was below 1 per cent. The two 
channels were well balanced, both as to, out- 
put and frequency response. The phono 
channels were within 3 (lb of the exact 
RIAA curve, and on the high-level inputs 
the response was flat within 1 db from 20 
to 17,000 cps, according to our measure- 
ments. Sensitivity was sufficient to accom- 
modate all but the extremely -low -output 
magnetic cartridges, and quite adequate for 
the ceramics. Hum and noise measured 48 
db below 1 watt on the phono inputs, and 
59 db below 1 watt on the high-level inputs. 

One advantage of the completely sep- 
arate volume controls in the two channels 
is that once the levels arc set, the master 
loudness control operates on both channels 
simultaneously, avoiding the problem of 
non -tracking controls which has been 
encountered in some observed. Many users 
will find that the separate tone controls are 
somewhat of an advantage, although we 
would prefer to have them ganged if, and 
only if, they were closely matched. Un- 
doubtedly there is more flexibility to be 
obtained from the separate controls than 
from any ganging combination, although 
for our own purposes, we have noted that 
we very seldom use a tone control at all. 
But that is why there are so many different 
"system philosophies" in the various ampli- 
fiers on the market-some like them one 
way and seine prefer them another. 

The 20 -watt outputs of the Mark XXIV 
would not be considered sufficient for some 
of the low efficiency speakers, since the 
amplifier would be working up into the 
higher distortion areas much more of the 
time, but with speakers of reasonable 
efficiency this unit would serve quite well. 

G-26 

Fig. 4. Precise 
Mark XXIV stereo 
amplifier, the "In- 

tegra." 

LESA RECORD CHANGER 
MODEL CD2/21 

One of the newest record changers to 
reach these shores-meaning that it is an 
imported model-is the LESA CD2/21. 
This unit is made in Italy, and while it is 
not equipped with a host of features, it 
does a remarkably efficient job of record 
changing. However, while somewhat simpli- 
fied, the LESA is fully automatic, runs at 
four speeds, intermixes 7-, 10-, and 12 -inch 
records, can be operated manually, and 
works through its change cycle in six sec- 
onds regardless of the turntable speed. In 
addition, it has a four -terminal plug-in 
head and two output cables, and the out- 
puts are shorted when the last record is 
played and the arm returns to the rest, 
stopping the motor and retracting the idler 
wheel. 

The changer is finished in two tones of 
gray, and has only two controls-the 
speed -change knob, and the on/reject or 
stop knob. The latter retracts the idler 
whenever the unit is shut off, although if 
it is permitted to shut itself off at the end 
of the last record it retracts its own idler. 
The mechanism which determines the set - 
down point consists of a feeler arm which 
raises from its housing alongside the arm 
pivot (luring the change cycle. When a 7 - 

inch record drops, it misses the feeler com- 
pletely so the arm sets down at 7 inches. 
A 10 -in. record pushes the feeler down just 
a little, and a 12 -in. record pushes it all 
the way down, thus setting the mechanism 
to make the arm set down at the correct 
point. At the conclusion of the change 
cycle, the feeler arm retracts. The record 
balance guide drops to its lowest position 
when no more records are on the spindle, 
which causes the unit to shut off after the 
last record is played-thus it will play 7 -in. 
records indefinitely if the balance arm is 

Fig. 5. The LESA 
CD2/21-anew 
record changer 

from Italy. 

prevented from dropping completely by the 
insertion of a card, for example, near its 
axis to hold it above its resting point. 

The change cycle operates through a set 
of Nylon gears completely independent 
from the rubber idler, which accounts for 
the constant cycle time, and this feature 
also removes the cycling drive pressure 
from the turntable idler. The motor is a 
heavy four -pole type; the turntable itself 
is quite heavy; the arm, metal, apparently 
has no resonances-at least, none in the 
important audio ranges. 

One example of simplified construction is 
the method by which the stylus force is 
changed. The arm is spring -counterbal- 
anced, the adjustment being made by po- 
sitioning a small removable metal punch- 
ing into one or another of a number of 
slots molded into the underside of the arm. 
The spring is removed from the punching, 
and the latter is pulled out of one groove 
and put into another by means of a pair of 
long -nose pliers. Admittedly not as quick as 
a screw or nut type of adjustment, but who 
changes stylus forces daily, or even weekly? 
Once the user has decided what cartridge 
he is going to use, he adjusts the stylus 
force and then leaves it alone, probably 
for mouths at a time. But the total cost of 
such a device is considerably less then 
some other types of adjustment, and this is 
reflected in the cost of the unit. The range 
of adjustment with a GE VE -22 cartridge 
is from well over 15 grams stylus force to 
less than zero, which indicates that the 
range will accommodate both heavier and 
lighter cartridges than the GE model. 

Rumble level of the LESA measured at 
-32 db, in accordance with NARTB stan- 
dards, and this is only 3 db below the 
standard for broadcast reproducing turn- 
tables. Actually, the figure seems relatively 
low, but the method of measuring specified 
uses a stylus velocity of 7 cm/sec as the 
reference (1.4 cm/sec at 100 cps) whereas 
the normal maximum stylus velocity is 
nearer 20 cm/sec, so the signal-to-noise 
ratio is actually 10 db higher. 

We would consider the LESA as a high - 
quality medium-priced changer which 
would be particularly ideal in an installa- 
tion where the user had both a single -play 
turntable and a changer-primarily using 
the latter for background -type music or 
for those applications where a changer was 
especially desired. It works smoothly and 
quickly, and with never a jam in 297 actual 
cyclings. In other words, it is an effective 
work horse of a changer which does its 
basic job of changing records well. No 
tricks, perhaps, but a consistent performer. 

G-27 
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YOU SHOULD KNOW 

THERE IS SOMETHING BETTER 

$7950 
OW 1/ 

e=. 

Here is Jensen's latest "bookshelf" size speak- 
er, an economically priced full two-way system 
featuring wide frequency range and excep- 
tional, clean bass response down to 36 cycles 
due to the new FLEXAIR woofer in tube - 
vented BASS-SUPERFLEX* enclosure. New 
direct radiator tweeter with crossover at 2,000 
cycles carries the response smoothly out to 
14,000 cycles. Enclosure is fine furniture 
crafted of rigid ;/" selected veneer plywood 

2 -WAY H/ -Fl LOUDSPEAKER SYSTEM 

in choice of Walnut, Tawny Ash or Mahogany 
finished on four sides for horizontal or vertical 
placement. Genuine matching hardwood front 
frame with sculptured, curved lines and choice 
fabric grille cloth provide a graceful, distin- 
guished appearance. Use a single DF-1 as an 
excellent monophonic system or low cost 
stereo add-on, or a pair for your stereo sys- 
tem. Speaker system also available in kit form. 
Write for Brochure KK TM 

x 

Illustrated with ST.972 
Accessory Floor Base 

(order separotelyl. 

DIVISION OF THE MUTER COMPANY 

en*en MANUFACTURING COMPANY 
6601 S. Laramie Avenue Chicago 38, Illinois 
In Canada s J. R. Longstaffe Co., Ltd., Toronto 
In Mexico. Radios Y Television, S. A., Mexico, D. F. 
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1. BIC NAMES 
D. Scarlatti: Tetide in Sciro (Thetis in 
Skyros). Soloists, Angelicum Orch. of Mi- 
lan, Janes. Westminster OPW 1305 (3) 

This quite lengthy classical opera is a fine 
lesson in music appreciation, new -style, es- 
pecially for those who have dabbled in that 
somewhat old-fashioned kind of music history. 
You always hear about the "old" or classical 
opera but you seldom, if ever, get to listen to 
an actual example. The piquant aspect of this 
one is that it is by Domenico Scarlatti, he of 
the hundreds of harpsichord sonatas, rather 
than by Allesandro Scarlatti the great master 
of "old" opera! This opera was rediscovered 
only a few years ago and it is the only such 
work of Domenico S. that is still extant. 

Westminster, it seems to me, could have 
used a bit more imagination in packaging this 
music for home use. The opera, like others of 
its type, consists of a large number of single 
arias, each preceded by a stretch of recitative 
to the harpsichord. Each recitative Introduces 
a new bit of the story, takes things forward a 
bit, makes clear another slice of complication 
-and the arias furnish the musical commen- 
tary on the situation. Without an understand- 
ing of what is going on at the moment, you'll 
find yourself listening to what amounts to an 
extended concert of Italian classical "songs." 
(Most of the old Italian music sung in solo 
voice recitals today originates in such operas.) 
Very nice, but too much of a muchness, what 
with six entire LP sides of the stuff ! Even 
Scarlatti would have been horrified at the idea. 

The libretto, of course, is what keeps you on 
the operatic track. With its help, you can en- 
joy the opera in its proper sense. (No opera 
was ever composed, remember, to be heard and 
not understood.) Westminster gives us the 
complete libretto in Italian and English side 
by side. The only trouble is that though the 
printed text is complete, the recorded opera 
is extensively cut in order to scale it down 
from the original evening -long entertainment 
to a mere three -record LP album. And each 
cut is its own booby trap. 

To be sure, the cuts are studiously marked 
in the libretto by an X at the beginning and a 
very unobtrusive O at the end. But as you fol- 
low the music by ear and eye together, you are 
bound to be derailed at each X. The music 
jumps in a flash, while you flounder down the 
columns of the text trying frantically to lo- 
cate the end of the cut-and if you don't work 
fast, you'll be lost, since the music doesn't 
wait. 

I did my best, but I found that the pay-off 
was that you must necessarily read through 
the cut-out parts of the text if you are to 
make sense of the story. Some cuts are whole 
scenes long. 

This, you see, is a problem that needs an 
ingenious solution, which it doesn't get here. 
Not easy, and I can only suggest that West- 
minster could have done something simple 
such as print the cut portions in Italics, for 
instant visibility. That's what I mean by 
imagination. Sure, It might cost a bit more, 
but why put the opera on records in the first 
place? Yes, It's a fine cultural monument on 

* 780 Greenwich St., New York 14, N. Y. 

EDWARD TATNALL CANBY* 
records and all that. Let's give Westminster 
all credit for making it available. But I'm the 
sort who insists (as you will) that this sort 
of recording be practical, as well as cultural. 

The story isn't easy, at that, what with a 
passel of disguises-the hero, Thetis, dressed 
as a woman and named Arminda and oppo- 
sitely, a lady named Antiope who is dis- 
guised as a man named Filarte ! Everybody 
falls in love with everybody else, usually of 
the wrong sex, and the band of fate and des- 
tiny takes a devious route before all is un- 
tangled and the right people pair off. And yet 
this ultra -serious plot, zany by itself for us 
today, is given dignity by the music and be- 
comes beautiful along with it. That's why the 
libretto is so vital for a modern listener. 

The music itself is lovely and will cause 
you no trouble at all, except in its quantity. 
Tuneful, dignified, expressive, it is sung here 
by a dedicated group, with good pitch and 
diction and only a suggestion of the Verdi - 
style operatic bellowing that is the natural 
style of Italian singers today. A small or- 
chestra plays a pleasing orchestral backdrop 
in excellent style. 

Gesualdo: Canzonetta, Madrigals, Gail - 
liards, Sacrae Cantiones, Psalms (Vol. 2). 
Conducted by Robert Craft. 

Columbia MS 6048 stereo 
This second volume of music by the famed 

Italian eccentric nobleman of the early 17th 
century (he was a fine murderer) continues a 
movement towards a new kind of professional 
singing of today, that might almost be called 
anti -operatic. It is, as you hear it on these 
records, a kind of vocal chamber music, sung 
by perfectly matched, semi -anonymous voices 
that blend as smoothly as a string quartet, 
the individual singers barely maintaining any 
personality at all-indeed, they are listed 
only in the small type on the record's back 
side. The singers alternate with a string quar- 
tet, for variety in the listening. 

Though I enormously admire the finesse of 
these performances, the perfect blend, the ab- 
solute pitch accuracy, the careful diction, I 
still do not feel that they represent the sense 
of the music very well. They sing dead -pan, 
these people, where to me the music is al- 
most violently, explosively eloquent. They 
stress a gentle, steady beat, in the modern 
way, whereas there should be no beat, but 
only the dynamic shape of the actual words 
themselves. 

You'll pardon me this opinion-I conduct 
my own group of singers in music of this 
sort and we do it quite differently. With all 
deference to Mr. Craft, who is one of the 
most brilliant conductors of contemporary 
music now alive and an extraordinary musi- 
cian as well as scholar and writer, I feel that 
he reads a twentieth century instrumental 
neo-classicism into this music that is simply 
not there. It sounds like Stravinsky-which 
isn't at all surprising since Craft has been an 
outstanding interpreter of Stravinsky and a 
close associate of that master. 

Ah ! But the vocal tone quality, the per- 
fection of blend, the organ -like harmonies ! 

It's an experience to hear this group in Gesu- 
aldo's amazingly daring music, if only for the 

accuracy with which its actual pitch is re- 
produced for the listening ear. 

The string quartet plays some unexpected 
instrumental bits by Gesualdo and does it 
poorly, in a choppy, unsteady fashion, with- 
out style. Not a very happy contrast. 
Brahms: Symphony #4. Boston Sym- 
phony, Munch. 

RCA Victor LSC 2297 stereo 
Did I warm up to this record as it went 

along? Or does it begin with less impact than 
it ends? To be sure, the first movement opens 
quietly-but throughout it I felt that the re- 
strained classicism of Brahms was something 
else again than this careful, held -in produc- 
tion, the high, double -octave string passages 
almost inaudible in contrast to many an old- 
fashioned performance where they almost 
squeal, all out of tune! The top impact of 
this recording comes in that most formal 
of structures, the great chaconne of the last 
movement based on an eight -note rising chro- 
matic theme. There, it really hits. 

The Boston strings never play out of tune, 
anyhow, no matter how h'gh they must 
screetch ; but I really think old Brahms 
would have liked a first movement with more 
warmth than this one. No guts, no freshness. 
(But how could there be, after thousands of 
playings? That's always the big question.) 

Maybe it's right that this music should now 
lack freshness for American musicians, even 
though in Germany Brahms reigns forever, 
alongside of Bruckner. Could be that we have 
more progressive, less traditional ears. Could 
be that our musicians really do prefer some- 
thing newer, more indigenous, more of the 
present. Just a thought in passing. 

Brahms: Piano Concerto #2. Gilels; Chi- 
cago Symphony, Reiner. 

RCA Victor LSC 2219 stereo 
A splendid combo here, as in other cases 

where the steely Reiner has lent his fine 
discipline to a soloist with romantically 
poetic expressiveness. 

By himself, Reiner tends to screw up the 
tension in Brahma to an unheard-of taut- 
ness, to stylize the warm, relaxed passages 
and pile on the climaxes until it hurts. But 
the Russian school of performance hasn't got 
to this stage yet (though their composers have)-the Russian playitg of Romantic 
music is still remarkably lush and expressive. 
That's what Gilels brings to this huge con- 
certo, an authoritative playing that Is utterly 
disciplined and shaped in the largest mould, 
yet still remains easily warm where warmth 
and a sense of relaxation is the requirement. 
It's a dying art, this, and the fact that It 
has died sooner over here than in Russia 
might, perhaps, indicate faster "progress" 
here, towards newer musical expressions. 
Again, just a passing thought, in retrospect. 

Mahler: Symphony # 10. 
Walton: Partita for Orchestra (1957). The 
Cleveland Orch., Szell. 

Epic BC 1024 stereo 
I had never heard the Mahler Tenth be- 

fore-two movements salvaged from his last, 
unfinished symphony. This recording (not the 
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