HIGH-FIDELITY

REPRODUCTION
FROM RECORDS

A resume of interesting facts regarding the manufacture
and reproduction of lateral and hill-and-dale records.

M. HARVEY GERNSBACK

LECTRICAL reproduction of pres-

ent-day phonograph records is

considered by many to be well-

nigh perfect. Actually such a
state of affairs is far from the truth.
Even by employing the best of pickups,
amplifiers, and reproducers it would be
impossible to achieve ‘“high-fidelity”
reproduction as dictated by the R.M.A.
standard (Frequency response flat
within 10 db., from 50-7,500 cycles.”),
which is a very limited one for high
fidelity. TFrom a sound engineer’s
standpoint, the definition of high fidel-
ity would probably be more like this:
“A flat response within 2 db., from
20 to 13,000 cycles.”

Returning to the phonograph record
again, the maximum range possible
with present-day equipment is about
50 to 5,000 cycles with less then 10
db. variation. Using ordinary equip-
ment in use in the average home, the
response is naturally much less. It is
probably safe to say that the range of
the ““electric” machine in the average
home is only about 120-3,500 cycles.
That's quite a distance from our “high-
fidelity” definition!

In this article we must assume, for
our purposes, that the experimenter
possesses an amplifier and loudspeaker
system which is capable of high-fidelity
reproduction since we are going to con-
fine ourselves to discussions of records
and pickup devices.

Today there are crystal-type pick-
ups available which have a response
characteristic substantially flat from
20-10,000 cycles with less than 5 db.
varviation. By simple methods, it is
possible to tilt this curve so that an
increase in response of the frequencies
below 1000 cyeles takes place (to com-
pensate for the fact that the average
record is deficient in frequencies below
1000 and partiecularly below 250 cy-
cleg). There are also available im-
proved magnetic pickups with a re-
sponse such that when used to repro-
duce standard records, a fairly flat
response is secured from about 50-
5,000 eycles. So much for the pickups.

The commercial record of today
seldom contains any “material” higher
than 5,000 cycles. In fact, it is only
within the last year that record-makers
have succeeded in recording satisfac-
torily frequencies this high. No mat-
ter how well designed our pickups may
be, they will be of little help if the
higher frequencies are not recorded.
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All operators of clectric phonographs
are familiar with the problem of needle
scratech. This problem is a stumbling
block to the perfection of high-fidelity
recordings. The very high frequencies,
even if recorded, are lost in the un-
pleasant noise of needle scratch. Needle
scratch filters eliminate seratch, cer-
tainly, but they also eliminate {fre-
quencies above about 3,000 cycles! The
causes of needle scatch are intimately
associated with the type of material
used in the records, the weight of the
pickup on the record surface, ete. As
far as high-fidelity reproduction is con-
cerned, it would seem that it is im-
possible of achievement at present.

"HILL-AND-DALE"
RECORDINGS

Probably a great many readers ave
familiar with the old Edison acoustic-
tvpe phonograph which was so popular
yvears ago. The records used in this
machine could not be played on the
ordinary phonograph as the grooves
were in a vertical rather than horizon-
tal plane (as iz the case with the or-
dinary record). (In the ovdinary pick-
up, the needle vibrates from side to
side when a record is being played;
with the hill-and-dale type of record
and pick-up, the needle vibrates up and
down when a record is being played.)

The Western Electriec Co. experi-
mented with various recording systems
several years ago, and as result of its
experiments, brought forth a modern-
ized ‘“hill-and-dale” recording system,
using electrical recording and repro-
ducing methods. New methods of pro-
cessing the finished master records
were devised and a new type of record
material was developed.

The rvesults with this system of rec-
ording are remarkable. In the first
place, it is possible to record and repro-
duce a frequency range of about 30-
10,000 eyeles with a variation of less
than 5 db.! Due to improvements in
record material, the use of a permanent
diamond point as a needle, and also
the faet that it is possible with this
system to reduce the needle pressure
on the record to about 2 per cent (or
40 milligrams!) of that employed on
the standard type of record, needle
scratch has been practically reduced
to inaudibility. It is now possible to
reproduce frequencies as high as 10,

(Continued on page 692)
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Fig. A
The application of the cathode-ray oscilloscope to
waveform analysis in recording.
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Fig. |
The mechanical make-up of the magnetic pickup
used for the common lateral-cut records.
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Fig. 2
Details of the W.E. dynamic hill-and-dale pickup
which uses a permanent diamond needle.
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A picture of the progress of phonograph recording
and reproduction up to date.

Fig. 4
A—Rasponse of W.E. hill-and-dale recording system
(mike, amplifier, recorder and pickup).
B—Frequency response of a crystal pickup.
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NECESSITY

High Frequency Tweeter for
reproducing frequencies in the
range 4,000 to 9,000 cycles.
Small, compact, no field cur-
rent or filter required. Excel-
lent response obtainable with
adequate radio and audio sys-
tems.

Two models available

T-51 for use with radio
receiver dynamic speaker

T-51-P with transform-
er to low impedance lines..

-$10.40

Prices postpaid in United States.

The BRUSH

DEVELOPMENT Co.

3715 Euclid Avenue Cleveland, Ohio
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radio
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realistic American
and Foreign Short
Wave programs . . .
Canadian, police,
amateur, airplane anJ
ship. Write for FREE 36.
page, 4-color catalog.
Money Back Guarantee.

TERMS 75¢w;“

AS LOW AS

. at a saving
to 509 —aon
FREE trial.
T-tube all-wave
covering 9 to

RESISTOR
SPECIALISTS

Featuring:

® QUIET VOLUME CONTROLS,

built on an entirely NEW principle.
® VITREOUS RESISTORS
® TRUVOLT RESISTORS
®POWER RHEOSTATS

Write Dept. RC-5
for Catalog

175 Varick §t.. New York, N.Y.
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A Little Gas and a Kato AC plant
enable you to operate AC radios,
amplifiers. refrigerators and all other
standand househald appliances,

Sizes 300 watts and up. te for
interesting descriptive literature,
KATO ENGINEERING CO. Mankato, Minn., U. 5. A.

Mfs's of AC Generators and Conserters for operating AC Hadios on
32 and 110 rolts DC
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000 cyeles without the of needle
scrateh.,

Long-playing records, making use of slower
turntable speeds and closer s ing of the
grooves on the records, have been available in
the old type records for several years. They
have never been suecessful due to several
factors,

First of all, the lower frequencies were se-
verely attentuated on them due to the close
spacing of grooves. The high frequencies were
also attentuated due to the slower speed of
playing. The general volume level of these
records was lower, too. (It is necessary to
turn up the volume of the reproducing equip-
ment to get the same sound level as with the
shorter playing records.)

The net result of this is the introduction of
a higher needle seratch level. With so many
objections, it is no wonder that these records
never met with great favor.

Hill-and-dale recordings due to certain funda-
mental differences suffer from none of these
disadvantages. It is possible to make a slow-
speed, closely-grooved record without impair-
ing the high or low frequencies, The volume
level of the record can be just as high as with
the short-playing record and there will be
no more record wear than with ordinary rec-
ords. With the old style short-playing lateral
cut record there are about 95 grooves per inch.
With the hill-and-dale system it is possible to
increase this figure to somewhere between 125
and 150 grooves per inch, and at the same time
record at a higher level than was used on the
short-playing lateral-cut record!

By recording at the same level as used on
the lateral-cut record it is possible to record
200 grooves per inch with no loss in fidelity of
response, This means that a 10-inch record
played at 33 r.p.m. will play for 10 to 12 min-
utes on each side. A 12-inch record will play
for 15-20 minutes per side.

Due to the fact that it is feasible to record
at higher levels with the hill-and-dale system
it follows that a much greater volume range
can be handled. It is not so necessary to moni-
tor musical performances to an even level of
sound when recording. As a result recordings
ean be made in which the contrasts between
loud passages and soft are more lifelike than
is the case with lateral-cut records.

A further advantage of these records due
to the light weight of the pickup and the fact
that a permanent needle is used is that they
can be played thousands of times with no ap-
precinble wear on the records. The recording

annoyance

material generally employed is cellulose ace-
tate.
The pickup employed is of the “magneto-

dynamic"” type; the same principle is utilized
in this pickup as in the common dynamic
speaker for this pickup has a voice coil in place
of the usual balanced armature arrangement
found in the ordinary lateral-type pickup, and

a permanent magnet supplies the field flux.
(See Fig. 2.)
It is unfortunate that so little commercial

use has been made of this vastly superior re-
cording and reproducing system. It exeeeds
the R.M.A, high-fidelity standard and does not
miss by very much the real high-fidelity stand-
ard (mentioned in the first paragraph of this
article), and even exceeds the range (30 to
8.000 eyveles) enc:rllmnﬂﬁ:ie(i by modern so-called
“hizh-fidelity"" film recordings.

So far, the only commercial use being made
of it is in the field of electrical transcriptions
for broadeast purposes. The World Broad-
casting System, a producer of these transcrip-
tions is the only concern employing this sys-
tem.

In closing, comment is made concerning the
“telegraphone” (as it is generally called) sys-
tem of recording sound on a moving metal strip
susceptible to magnetic influences. In the past,
radio programs from England utilizing
“Blattnerphone” represented the finest that
could be offered in “magnetic wire” recordings
—vet, fidelity was low and noise-level high:
recently, the writer has noted B.B.C. magnetic-
wire programs of great!ly improved character.
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There’s plenty of
SERVICING MATERIAL
in the 1934 Manual!

Radio Service Men and others engaged in
various branches of radio know the importance
of the GERNSBACK Manuals, and how much
they depend on them for reliable information.
Whether for public address work, receiver dia-
grams or tube information, the material needed
is certain to be found in one of the volumes of

the OFFICIAL RADIO SERVICE MANUAL.

Contents of the 1934
Manual in Brief

Diagrams and service notes, more complete than ever be-
fore in any manual. Veltage readings for practically all
sets, as an abd in checking tubes and wiring., All values
of ", t sformers used In supecheterodynes, with the
manufacturers’ own sguggestions as to correct balancing.
A complete compllation of radio tube data, covering both
old and new types. A complete 1ist of American broadeast
stations with thelr frequencies in kiloeyeles; extremely
useful in ealibrating test oscillaters and receivers. I‘reo
questlon and answer service, No theory; only service in-
formation in quickly accessible form. A hamdy, casily-
consulted master index making it easy to find almost any-
thing pertaining to service problems, Instantly, This in-
dex includes all the diagrams published in all the pre-
vious GERNSBACK manuals, as well as the 1931 dia-
grami. A big coovenlence and time saver.

400 PAGES
Over 2,000 Hlustrations
9x12 Inches '
Flexible Looseleaf Leatherette Cover
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MAGAZINE
For June
A COMPLETE NOVEL
4The Sea Rogue”’
By MORGAN ROBERTSON
A Humorons and Exciting Story of the Sea
Also Shart Stories by your faverite anthors
arnd a true story of the sea,
A GERNSBACK PUBLICATION
15¢ The Copy—On All Newsstands

The Magazine of Sex Science. Foremost educationalsex maga-
zine. Sex secrets in plain English, Instructive and enlightening—not a
risque book—rontaina no offensive matter.  Koow thyself!  All articlen
written by doctars,

mauie mnl-nm 25 important sex articles;

pages. numeras illuatrations. doctors answer your sex questions
"REE.  Send I5¢ for sarnula nr $1.00 for 8 months subserip-
tion. SEXOLOGY, 95R Hudson Street, New York City.



