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NOBODY'S RECORDING HEAD
WEARS OUT AS FAST AS OURS

MOST CASSETTE RECORDERS USE A FERRITE RECORDING HEAD. IT DISTORTS HORRIBLY AT
LOW FREQUENCIES BUT IT HAS GREAT WEAR CHARACTERISTICS.
THE HK1000 USES A PERMALLOY RECORDING HEAD. 1T HAS EXCELLENT RECORDING

QUALITIES AND VERY LOW DISTORTION
CHARACTERISTICS. IT DOESN'T WEAR AS
WELL AS FERRITE SO WHEN IT WEARS
OUT YOU REPLACE IT. WE CONSIDER
IT A GREAT IMPROVEMENT OVER
THE FERRITE HEAD.

THE HK1000 HAS A
FEW MORE THINGS OTHER
CASSETTE RECORDERS DON'T
HAVE. CONSTANT CURRENT
DRIVE FOR ONE. IN FACT, EVEN STAN-
DARD REEL-TO-REEL MACHINES DON'T HAVE
CONSTANT CURRENT DRIVE. YOU'D HAVE TO GO TO A RECORD-
ING STUDIO TO FIND ONE.
THE HK1000 HAS A SERVO-DRIVEN D.C. MOTOR. NO MATTER HOW MUCH LOADING

IT GETS, IT STiLL RUNS AT THE SAME SPEED.

IT HAS DOLBY." IT HAS ITS OWN BUILT-IN MICROPHONE PRE-AMP. IT ACCEPTS,
NOT ONE, BUT THREE DIFFERENT KINDS OF TAPE: STANDARD. LOW-NOISE. AND CHROMIUM
DIOXIDE.

BUT THE REALLY OUTSTANDING THING ABOUT THE HARMAN/KARDON HK1000
CASSETTE RECORDER IS THE WAY IT SOUNDS.

IT CARRIES THE TRADITIONAL HARMAN/KARDON ULTRA-WIDEBAND CIRCUITRY
AND PHILOSOPHY. THAT PHILOSOPHY SAYS THAT THE FREQUENCIES YOU CANNOT HEAR
SIGNIFICANTLY AFFECT THOSE YOU CAN.

WE BACK UP THAT CONVICTION WITH TWO TESTS. THE FIRST IS MEASURABLE.
OUR PRODUCTS PRODUCE THE BEST SQUARE WAVE RESPONSE IN THE BUSINESS.

THE OTHER TEST IS SUBJECTIVE. LISTEN TO AN HK1000. YOU'LL SEE WHY
WE'RE NOT ABOUT TO THROW AWAY A GREAT SOUND BECAUSE OF A RECORDING HEAD
THAT MERELY LASTS A LONG TIME.

harman /kardon

55 AMES COURT. PLAINVIEW. N Y 11803. U.S A  ALSO AVAILABLE IN CANADA
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After so many high-fidelity and consumer publicationsrated our HD 414
“open-aire” headphones toos in souna, comfort and value, why would
Sennheiser introduce ancther model?
The reason is perfecticn.
Notthat our new HD 424 is perfect. But our encineers —the same engineers who
developed our dynamic and condenser microphon=s for the recording industry —
have made some significant advances. Enough, we feel, to warrant a new model. Enough,
that a certain kind of music lover will apprec at= tt € added fidelity, despite the added cost.
The primary difference is response. As linear as our HD 414 is, th=2 HD 424 boasts
even greater accuracy —particularly at low bass and hlgh treble frPcpJvnmes Dueto
an improved transducer assembly and redesignec earpiece geomet-y. Heard on
the HD 424, low organ notes assume an additonal, e g
fundamental richness without sacrificirj the —— : o
“tightness” of good transient response.\/hi e -
violins and other high-overicne e

-

Sennheiser HD 414
"open-aire " headphones.Rated
‘best" by everyone.
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instruments retain the
additional “trans-
parency their overtcnes ©
produce.

No less important,
especially for long listening
sessions, is comfort.
Retaining the “unsealed”
free-air feeling so many
praised in the HD 414, the
new HD 424 provides even less (1)
pressure on the ear, distributing
it over wider, thinner acoustically
transparent cushions.For this reason—
and an improved, cushioned head-
band —the HD 424 actually seems lighter
thanthe 5 0z.HD 414, even though itis
slightly heavier.

Now, there are two Sennheiser'open-
aire’ headphones for you to chccse from.

The HD 414, rated best for sourid and comfort.
And a new model offering something more.
That's why:.

Hear them both at your Sennheiser dealer, or
write us for more information. Sennheiser Electronic
Corporation, 10 West 37th Streel, New York 10018.

WHY?

//// W, .

Manufacturing Plant: Bissendorf, Hannover, West Germany
CIRCLE NO. 10 ON READER SERVICE CARD




SOME
CASSETTES

JUST CAN'T COPE.

Ever buy a cassette that sticks and jams...
sometimes gives up before it even gets started? How
about the ones that pick up dirt better than a
vacuum cleaner? And these aren’t just the bargain
cassettes either. Some of these things are so-called
premium grade products.

\\

If any of this sounds familiar to you, you’re not using
Columbia “Fail-Safe” cassettes. Columbia

cassettes have graphite impregnated Mylar slip
sheets and self-lubricating Delrin rollers to prevent
sticking and jamming. . .any kind of orneriness.

And sealed windows to keep out dirt, dust. ..

anything that could give you problems. 6

We use gamma-ferric oxide low noise/high output

tape. So it picks up every sound you hear... and then Ot o

[t Ext
OW Noigg BL:::

€0 pay,
G
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some. They can really cope.

We call Columbia cassettes “Fail-Safe.” You’ll call
them “fantastic.”

& COLUMBIA
wseres| Blank Recordinglope

Columbia Magnetics, CBS, Inc., 51 West 52nd Street, New York, N.Y. 10019
CIRCLE NO. 13 ON READER SERVICE CARD
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SX724

CROWN: ASKTHE PRO
WHO OWNS ONE

You may have puzzled about the
rare availability of Crown tape
recorders on the used market. Per-
haps you even have a friend who
refuses to part with his aging Crown
at any price. Well, the typical Crown
owner is not only a careful shopper,
he knows when something is too
valuable to lose. After all, why
should he trade when his 4-year old
Crown still turns out crisp, perfect
recordings with greater fidelity than
most brand new hi-fi tape decks?

One reason for this is that the
Crown line is a professional line of
tape recorders and players - that is,
designed for audio pros who make
their lhiving by recording. Crown
does not bow to the popular phil-
osophy of “planned obsolescence”,
where the manufacturer automat-
ically outdates last year's line by
bringing out all new models each
year. Indeed, since Crown first in-
troduced modular solid state record-
ing in 1963 (four years before any
other manufacturer), the basic design
has not been significantly altered -
so advanced was its concept. State-
of-the-art currency is maintained
by incorporating new features into
current models, only when they
mean an advantage in either per-
formance or price.

But even these are not the
reasons a Crown owner would give
for treasuring a venerable old
model. He would say it's the sound -
that matchless recording and play-
back fidelity that has become
synonymous with the Crown name.
For example, the SX724 A4-track
stereo deck at 7%ips delivers a fre-
quency response of £2dB 30-25,000
Hz, with hum and noise at -60dB,
and maximum wow and flutter of
0.09%. (When comparing specifica-
tions, keep In mind that, unlike
most hi-fi  manufacturers, Crown
guarantees 1ts specs for minimum
long-term  performance; actual
operation is often even better.)

If you would like your tape deck
to record as good years from now,
as when new, we suggest that you
visit your local Crown dealer soon.
(Just don't expect to find a used
Crown - at any price.)

Made only in
AMERICA

~a)
crown

ELKHART, INDIANA 46514, U.S.A.
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Mock-up of a combination open-
reel/8-track/cassette recarder: only
an artist’s dream at present.
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IAPE TERMINOLOGY

Acetate Base—The transparent cellulosc-acetate plastic film that
forms the backing l'or many magnetic recording tapes.

Automatic Reverse—The ability of some four-track sterco tape
recorders to play the sccond pair of sterco tracks automatically (in
the reverse direction) without the necessity for interchanging the
empty and full recls after the first pair of sterco tracks is played. (See
also Four-Track Recording)

Automatic Shut-Off — A device (usually a mechanical switch) incor-
porated into most tape recorders that automatically stops the ma-
chine when the tape runs out or breaks.

Azimuth Adjustment—The mechanical adjustment of a magnetic
head whereby exact alignment of the head gap with a standard tape-
recorder magnetic pattern is achicved. Of prime importance for opti-
mum high-frequency performance and recorder-to-recorder playback
compatibility. (See also I{ead Alignment)

Azimuth Loss - The signal loss caused by lack ol alignment be-
tween the playback-head gap and the signal recorded on the tape.

Backing or Base — The flexible materiul, usually celhilose acetate or
polyester, on which is deposited the magnetic-oxide coat that *‘re-
cords” the taped signal.

Bias— A constant signal or tonc added to the audio signal during
recording to circumvent the inherent non-linearity of magnetic sys-
tems. The best (and most commonly used) bias is a high-frequency
(usually 50.000 to 100,000 Hz) alternating current fed to the record-
ing head along with the audio signal to be recorded.

Bulk Eraser or Degausser— A hand-held (or larger) device used to
erase magnetic tape without removing it from the reel. It gencrally
produces a strong alternating magnetic ficld that neutralizes all pre-
viously recorded magnetic patterns on the tape.

Cartridge — A sealed plastic container that holds tape of Ya-inch or
narrower width. Designed to climinate: manual tape threading. car-
tridges operate on cither the continuous-loop (single hub) principle
or the reel-to-rect (double hub) system. Cartridge machines are usu-
ally smaller and simpler to use than ordinary open-rcel units. (See
also Cussette)

Capstan—The driven spindle or shaft in a tape recorder—some-
times the motor shaft itself — which rotates against the tape (which is
backed up by a rubber pressure or pinch roller). pulling it through
the machine at constant speed during recording and playback modes
of operation. The rotational speed and circumference of the capstan
determine tape speed.

Cassette— A type of tapc cartridge operating on the hub-to-hub
principle and now coming into wide use in portable and home ma-
chines.

Crosstalk — The undesired pickup of a signal from-an adjacent track
recorded on a tape.

Deck; Tape— A tape recorder designed specifically for use in a high-
fidelity music system. It usually consists only of the tape-iransport
mechanism and preamplifiers for recording and playback: It does not
include power amplifiers or speakers.

Decibel — Abbreviated “dB” or “db.” it is a relative measure ol

sound intensity or “volume.” It cxpresses the ratio of one sound
intensity to another. One dB is about the smallest c/unge in sound
volume that the human ear can detect. (Also used to express volt-
age and power ratios logarithmically.)

6

Dolby — An electronic device or circuit that reduces the amount of
noise (principally tape hiss) introduced during the recording process.
It does this by boosting—in carefully controlled amounts—the
strength of weak signals before they are recorded. During playback
the signals (and the noise) are cut back by an exactly equivalent
amount. The original dynamics are thus restored. but the noise is
reduced by 10 to 15 dB. At one time found only in recording studios.
simplified Dolby circuits designed especially for tape recording are
now available to the audiophile as accessories or built into tape ma-
chines.

Dropout— During playback, the momentary loss ol a recorded signal
resulting from imperfections in the tape. These may take the torm of
non-magnetic foreign particles imbedded in and flush with the tape’s
surface. However. these imperfections are most commonly high
spots on the tape surface that push the tape away tfrom the magnetic
head. thereby increasing the area affected (the “umbrella’™ effect).

Dual-Track Recorder— Usually a monophonic recorder with a re-
cording-head gap that covers somewhat less than half the width of a
standard quarter-inch tape, making it possible to record one track on
the tape in one direction and (by turning the reels over) a second
track in the opposite direction. Also known as “two-track™ or *“half-
track.”

Dub — A copy of another recording.

Dynamic Microphone — An clectromagnetic pressure microphone
that employs a moving coil in a. magnetic field to convert sound pres-
sure to electrical energy in a manner similar to that of an electric
generator. Impgdance and output are generally lower than those of
the ceramic or crystal microphone types. Low impedance permits
the use ol longer connecting cables without high-frequency loss or
hum pickup.

Dynamic Range — The voltage ratio (expressed in decibels) between
the softest and loudest sounds a tape recorder or other device can re-
produce without undesirable distortion in loud passages and excessive
noise in soft ones.

Echo— A special facility found in some three-head tape recorders.
Part of the slightly delayed output of the monitor head is fed to the
recording head and mixed with the signal being recorded. The result
is an “echo™ of the material recorded « moment before.

Editing — The alteration of a tape recording by physical means to
eliminate or replace undesirable portions, add portions not present in
the original, or otherwise rearrange the original. Magnetic tape is
unsurpassed for editing purposes, since it can be easily cut and
spliced.

Equalization — The sclective amplification or attenuation of certain
frequencies. Also refers to recognized industry standards for record-
ing and reproducing “‘characteristics™ (such as the NAB Standard).
the proper use ot which can assure uniform reproduction of prere-
corded tapes and improvement ot a system’s signal-to-noise ratio.

Erasure —The ncutralization of the magnetic pattern on tape by use
ot a strong magnetic field. thercby removing the recorded sound
from the tape, During recording, the erase head on a recorder auto-
matically removes any sound previously recorded on the tape just
before the tape reaches the record head. (See also Bulk Eraser)

This material has been adapted from <101 Terms:-A Glossary of Tape Recording Terms,”
published by the Magnetic Products Division of the 3M Company. Our thanks for their
permission to bring it to you.

TAPE RECORDING & BUYING GUIDE



Extra Play — Also called “long play” or “extended play.” Refers to
tape that gives more than standard playing time on a standard reel
because it employs a thinner base together with a thinner but usually
more responsive oxide coating, and thus more tape can fit on a reel.

Fast Forward — The provision on a tape recorder permitting tape to
be run rapidly through it in the normal play direction. usually for
search or selection purposes.

Feed Reel— Also called “stock,” “‘supply,” or “storage” reel. The
reel on a tape recorder from which the tape is taken as the machine
records or plays.

Flutter— Very short, rapid variations in tape speed, causing pitch
and volume variations that were not present in the original sound. A
form of distortion.

Four-Channel Sound — Stereo produced by four loudspeakers. cach
being fed a different signal. At present four-channel tape machines
are equipped with special heads and clectronics that e¢nable them to
play back —and sometimes record —four tracks at a time.

Four-Track or Quarter-Track Recording—The arrangement by
which four different channels of sound may be recorded on quarter-
inch-wide audio tape. These may be recorded as four separate and
distinct tracks (monophonic) or two related (stereo) pairs of tracks.
By convention, tracks | and 3 are recorded in the “forward™ direc-
tion of a given reel. and tracks 2 and 4 are recorded in the “reverse”
direction. (Sec also Four-Channel Sound.)

Frequency — T'he repetition rate ot cyclic energy. such as sound or
alternating electrical current, expressed in cycles per second (hertz
or Hz) or thousands of cycles per second {kilohertz or kHz). By con-
vention. “bass” frequencies in music extend from about 20 to ubout
200 Hz. “Treble” sounds arc at the high-frequency extreme of the
sound spectrum and may extend from 2 or 3 kHz to the frequency
limit of audibility (about 18 to 20 kHz). “Middle” (or mid-crange)
trequencies occupy the remainder of the spectrum, trom 200 Hz to
about 3 kHz.

Frequency Range—The span between the highest and lowest
pitched sounds that & tape recorder or other sound-system compo-
nent can reproduce at a usable output or volume level.

Frequency Response — Always specified as a range. such as 50 1o
15.000 Hz: but in order to be meaningful it must be further defined
in terms of decibel variation from absolute flatness over a specified
frequency range {¢.¢.. =3 dB from 50 to 15.000 Hz). An indication
of a sound system’s ability to reproduce all audible {requencies sup-

Fig. 1. (1) Azimuth. or skew, in which the width dimension (cor-
responds 10 track width) of the head gap is a precise 90-degree
angle 10 the tape edge. (2) Height. in which the gap-width
dimension is centered on the standard track location. (3) Tilt.
in which the fuce of the head must be sinudtancously tangent
1o the same degree with both edees of the tape and without
distortion of either of the latier. (4) The adjustment 1o assure
that the tape is tangent with. and contacting the specific por-
tion of. head fuce containing head gap. and remains so during
plaving of tape. (5) Adjustment toward or away from tape to
assure proper contact pressure (wrap') between head and tape.

|
90°”
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; [:Lg
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plied to it, maintaining the original balance among the low. middle
(or mid-range), and high frequencies.

Fuli-Track Recording— Applies to quarter-inch-wide (or less) tape
only. 1t defines track width as cssentially equal to tape width.

Gain—The voltage ratio of the output level to the input level tor a
system or component of a system. Usually expressed in decibels.

Gap—The effective distance between opposite poles of a magnetic
head. measured in microinches or microns. Especially critical for
playback heads in which gaps must be narrow in order to resolve
(reproduce) high-frequency (short wave-length) signals. Recording
heads generally have wider gaps than reproducing heads.

Harmonic Distortion— Distortion characterized by the appearance
in the ouput signal of spurious harmonics ot the fundamental fre-
quency. Usually expressed as a percentage of the output signal.

Harmonics — Overtones that are integral multiples of the fundamen-
tal frequency. In properly balanced u.c.-binsed tape recorders, only
the odd-order harmonics {primarily the third) are generated by the
recording process and these are very low in amplitude.

Head — In a magnetic-tape recorder. the generally ring-shaped elec-
tromagnet across which the tape is drawn. Depending on its func-
tion. it either erases a previous recording. converts an electrical sig-
nal to a corresponding magnetic pattern and impresses it on the tape
(record lunction)., or picks up a magnetic pattern already on the
tape and converts it to an clectrical signal (playback function). Most
home recorders have a separate erase head. but combine the record
and play functions in a single unit. Professional machines and those
intended for the serious amateur have separate heads for erase, re-
cord. and playback.

Head Alignment— Includes all mechanical adjustments necessary to
assure proper spatial relationships between the head gaps and the
tape —or, more specifically. a properly recorded tape track. It may
be separated into tive attributes describing correct head attitude. See
Fig. 1.

Head Demagnetizer or Degausser— A device used to neutralize
possible residual or induced magnetism in heads or tape guides. Un-
less the recorder has an automatic head-demagnetizing circuit and
non-magnetic tape guides. periodic use of a head demagnetizer may
be necessary to avoid addition of hiss noise to. or even partial erasure
of. prerecorded tapes.

Hiss — A high sibilant sound. most often found in tape recording or
tape playback. The better the tape system, the lower the hiss.

Impedance — The resistance to the flow of alternating current in an
clectrical circuit. generally categorized as either “high™ or “low.”
but sometimes given in ohms or millions of ohms (megohms). Com-
monly used to rate eleetrical input or output characteristics of com-
ponent so that proper “‘match”™ can be made when interconnecting
two or more devices (such as a microphone. tape recorder. and loud-
speaker). Power loss or frequency discrimination can result from a
“mismatch” of impedances between two units.

Index Counter— An odometer type of counter that indicates revolu-
tions (not feet of tape). usually of the supply reel, thereby making it
possible to index selections within a reel of tape and readily locute
them later on a given machine.

Input Signal— An electrical voltage embodying the audio informa-
tion that is presented to the input of an amplitier. tape recorder. or
other electronic component.

Input —The terminals, jack. or receptacle provided lor the introduc-
tion of the clectrical input signal voltage into an amplifier or other
electronic component.

Intermodutation Distortion — Distortion that results when two or
more pure tones produce new tones with frequencies representing
the sums and differences of the original tones and their harmonics.
ips — Abbreviation for tape speed (inches per second).

Jack — Receptacle for a plug connector leading to the input or output
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circuit of a tape recorder or other piece of equipment. A jack match-
es a specific plug.

kHz — Abbreviation for kilohertz, or one thousand cycles per sec-
ond. For example, 19 kHz equals 19,000 Hz.

Leader and Timing Tape— Special tough non-magnetic tape that
can be spliced to either end of a magnetic tape to prevent its damage
and possible loss of recorded material. Either white or in colors, it
usually has some type of marking that enables it to be used as a tim-
ing tape. It therefore can be spliced between musical selections to
provide desired pauses in playback.

Level Indicator— A device on a tape recorder for indicating the lev-
el at which the recording is being made; it serves as a warning
against under- or over-recording. It may be a light indicator or a
meter. (See also VU Meter)

Low-Noise Tape — Magnetic tape with a signal-to-noise ratio 3 to 5
dB better than conventional tapes, making it possible to record
sound (especially wide-frequency-range music) at reduced tape
speeds without incurring objectionable background noise (hiss) and
with little compromise of fidelity. Additional characteristics of most
low-noise tapes include extremely good high-frequency sensitivity
and a heavy-duty binder system for reduced ruboff of magnetic oxide
and an increase in wear life over ordinary tapes.

Low-Print Tape — Special magnetic recording tape significantly less
susceptible to print-through (the transfer of signal from one layer of
tape to another), which results when tape is stored for long periods
of time. These tapes are especially useful for “master recording”
(making an original recording from which copies will be made) on
professional-quality equipment.

Mit —One one-thousandth of an inch. Tape thickness is usually mea-
sured in mils.

Mixer — A device that allows two or more signal sources to be blend-
ed, balanced, and fed simultaneously into a tape recorder or amplifier.

Monophonic (Monaural) Recorder—Refers to single-channel
recorders, as distinguished from stereophonic types. Current home
recorders are almost all of the four-track stereo configuration.

Monitor Head — A separate playback head on some tape recorders
that makes it possible to listen to the material on the tape an instant
after the recording is made and while the recording is still in progress.

NAB Curves —Standard tape-recorder playback equalization curves
established by the National Association of Broadcasters. (See also
Equalization)

Noise — Unwanted electrical signals produced by electronic equip-
ment, and rough or non-homogeneous oxide coatings on magnetic
tape. Mostly confined to the extremes of the audible frequency spec-
trum where it occurs as hum and/or hiss, it may be reduced by good
machine and tape design. (Sec also Low-Noise Tape)

Noise, Weighted — The noise mcasured within the audio frequency
band using a measuring instrument that has a frequency-selective
characteristic. The frequency sensitivity of the instrument is adjusted
to correspond to that of the average human hearing response.

Open Reel — Tape systems that, for home applications, use up to 7-
inch recls of tape. To start the tape, it must be threaded by hand
from the full to the empty (or takeup) reel. Open-reel tape systems
usually provide greater fidelity than cassette or tape cartridge sys-
tems, but that gap is closing rapidly. (See Tape Speed)

Output (also Maximum Output Level)—The useful signal de-
livered by a recorder using a particular type of tape, usually at an
arbitrarily fixed level of harmonic distortion (1 or 3 per cent) and rela-
tive to the performance of a tape with standard characteristics (such
as Scotch No. 111).

Oxide —The ferro-magnetic particles which, when properly dis-
persed in a plastic binder and coated on a backing or base. form the
magnetic portion of magnetic tape. Conventional oxide particles are
chemically known as gamma ferric oxide, are brown in color, acicu-
lar (needlelike) in shape. and of micron length. Less conventional
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oxides have been developed that exhibit significantly different mag-
netic properties (and size).

Patch Cord— Sometimes called ‘“‘signal lead.”” A short shielded wire
or cable with a plug on either end (or with «a pair of clips on one end)
for conveniently connecting together two pieces of sound equipment
such as a phonograph and tape recorder, an amplifier and speaker,
etc. Not to be used for 120-volt current.

Pause Control— A feature of some tape recorders that makes it
possible to stop the movement of tape temporarily without switching
the machine from “play” or *“‘record.”

Playback — The reproduction of sound previously recorded on a
tape. The opposite of record.

Playback Head —Maugnetic head used to pick up a signal from a
tape. Often the same head as is used for recording, but with its cir-
cuits changed by means of a record/play switch which also energizes
the erase head. (See also Heud)

Polyester Base— A plastic-film backing for magnetic tape used for
special purposes where strength and resistance to temperature and
humidity change are important. (Mylar is a du Pont trade name for
their brand of polyester.)

Portable Recorder —Originally, any tape recorder designed for easy
mobility and requiring connection to a 120-volt a.c. supply for opera-
tion. Recently the term has been applied specifically to battery-pow-
ered units that do not require external power for operation.

Prerecorded Tape —Tape recordings that are commercially avail-
able and generally embody the same material that is available on
phonograph records.

Pressure Pad— A device that forces tape into intimate contact with
the head gap, usually by direct pressure at the head assembly. Felt
or similar material, occasionally protected with self-lubricating plas-
tic, is used to apply pressure uniformly and with a minimum of drag
on the backing (non-coated) side of the tape.

Pressure Roller— Also called “pinch roller” or “capstan idler.”” A
hard-rubber roller that holds the magnetic tape tightly against the
capstan, permitting the latter to draw the tape off the supply reel and
past the heads at a constant speed. (See also Capstan)

Print-Through — Undesired transfer of magnetic pattern from layer
to layer of tape on a reel. In most cases, will make recording unusable.

Raw Tape— A term sometimes used to describe tape that has not
been used for recording. Also called “virgin™ or “blank.”

Reel-to-Reel — Designates those tape machines that do not use a
cartridge or cassette. (See also Open Reel)

TAPE RECORDING & BUYING GUIDE



Rewind Control— A button or lever for rapidly rewinding tape from
the takeup reel to the supply reel.

Saturation—The condition reached in magnetic tape recording
where output does not increase with increased input, and hence dis-
tortion increases significantly. Useful for defining reference output
levels, since it is independent of bias current.

Sensitivity— As used to describe the capabilitics of raw tape, it indi-
cates the relative output for a given input in the linear (low-distor-
tion) portion of a tape’s magnetic transfer characteristic. Sensitivity
data plotted as a function of frequency (or wave length) gives fre-
quency response, usually relative to a standard reference tape.

Separation — The degree to which two stereo signals are kept apart.
Stereo realism depends on the successful prevention of their mixture
in all parts of a hi-fi or tape system. Tape systems have separation
capability superior to that of disc systems.

Signal-to-Noise Ratio—The voltage ratio. usually expressed in
decibels, between the loudest undistorted tone recorded and repro-
duced by the recorder and the noise reproduced when the audio
signal is reduced to zero.

Sound-on-Sound — A method by which material previausly record-
ed on one track of a tape may be re-recorded on another track while
simultaneously adding new material to it.

Splicing Block— A metal or plastic device incorporating a groove
within which ends of the tape to be spliced are held. An additional
diagonal groove provides a path for a razor blade to follow in cutting
the tape. It makes splices very accurately using narrow-width (¥/32")
splicing tape. (See also Tape Splicer)

Splicing Tape—A special pressure-sensitive. non-magnetic tape
used for joining two lengths of magnetic tape. lts “*hard” adhesive
will not ooze, and consequently will not gum up the heads or cause
adjacent layers of tape on the reel to stick together.

Squeal—The audible noise caused by alternate sticking and release
of tape. It may occur at heads, pressure pads. or guides where fric-
tion develops with the face or back side of a magneric tape. It is
largely eliminated by regular cleaning of suspected surfaces and by
using a tape employing a built-in dry silicone lubricant.

Takeup Reel—The rcel on the tape recorder that accumulates the
tape as it is recorded or played.

Tape Guides —Grooved pins or rollers mounted between and at
both sides of the tapehead assembly to position the magnetic tape
correctly on the head as it is being recorded or played.

Tape Lifters— A system of movable guides that automatically pre-
vents the tape from contacting the recorder’s heads during fast for-
ward or rewind modes of operation. thus preventing head wear.

Tape Loop— A length of magnetic tape with the ends joined togeth-
er to form an endless loop. Used either on standard recorders. spe-
cial “message-repeater” type units, or in four- or eight-track cartridge
devices, it makes possible the repetitive playback of a recording
without rewinding the tape.

Tape Monitoring — See Monitor Head

Tape-Transport Mechanism—The platform or deck of a tape re-
corder on which the motor (or motors), reels. heads, and controls are
mounted. It includes those parts of the recorder other than the am-
plifier, preamplifier, loudspeaker, and cuse.

Tape Player— A unit that is not capable of recording and is used
only for playing prerecorded tapes.

Tape Speed—The speed at which tape moves past the head in re-
cording or playback modes. Standard tape speed for home use is 72
ips or half that speed (3%4 ips). Speeds of 178 and %16 ips are found
on some machines, but on reel-to-reel recorders are usually suitable
only for non-critical voice recording. Some cartridge machines, using
special tape and circuits, achieve very good results at the slow
speeds. Professional recording speed (for making original master
tapes of music. for example) is usually 15 ips and sometimes higher.
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Tape Splicer— A device. similar to a film splicer, for splicing mag-
netic tape automatically or semi-automatically. Different models
vary in operation, most using splicing tape; some professional units
employ heat. (See also Splicing Block)

Telephone Pickup— Any of several devices used to feed telephone
conversations into a tape recorder, usually without direct connection
1o the telephone line and operating by magnetic coupling.

Tensilized Polyester— A polyester tape bucking that has been pre-
stretched principally in the lengthwise direction to increase resistance
to tfurther stretching.

Tone Controls —Control knobs on a tape-recorder amplifier used to
vary bass and treble response 1o achieve the most desirable balance
of tone during playback.

Track — The path on the magnetic tape along which a single channel
of sound is recorded.

Two-Track Recording—On quarter-inch-wide tape. the arrange-
ment by which only two channels of sound may be recorded. either
as a stereo pair in one direction or as separate monophonic tracks
(usually in opposite directions).

Uniformity — In terms of magnetic tape properties. a figure of merit
relating to the tape’s ability to deliver a steady and consistent output
level when being recorded with a constant input. Usually expressed
in decibel variation from average at'a mid-range frequency.

VU Meter— A “‘volume unit™” meter that indicates audio-frequency
levels in decibels relative to a fixed 0-dB reference level. The meter
movement differs from those of ordinary voltmeters in that it has a
specified ballistic response adapted to monitoring specch and music.
Used in many home and most professional recorders to monitor re-
cording levels and maintain them within the distortion limits of the
tape.

Wave Length—in tape recording (and referring specifically to the
tape magnetization created by pure single-tone recording), the short-
est physical distance between two peaks of the same magnetic polar-
ity: also. when expressed in mils. the ratio of tape speed (in ips) to
recorded frequency (in kilohertz).

Wow — A form of distortion in sound-reproducing systems caused by
relatively slow periodic variation in the speed ol the medium (such
as tape) and characterized by its eftect on pitch.

Wrap — The length of the tape’s path along which tape and head are
in intimate physical contact. Sometimes measured as the angle of ar-
rival and departure of the tape with respect to the head. A “‘good
wrap™ means a good tape-to-head-gap relationship. (See also Head
Alignment) O
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THE TAPE REGORDER
SPECIFIGATIONS PUZLE

What they mean and how to interpret them can aid you
in making a judicious buying decision

SULUING

Hirsch-Houck Laboratories for judging product performance is proba-
bly more practical for a tape recorder than

for any other hi-fi component. This fortunate situa-

tion occurs because a tape recorder (at least, a good

one) has relatively little effect on the quality of pro-

grams recorded or played back through it. The

noise level may be increased somewhat and, in most

By JULIAN D. HIRSCH THE USE of published specifications as a basis
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cases, there will be a small (hopefully inaudibie)
amount of flutter added to the sound. The frequency
response and distortion existing in the incoming
signal will usually determine the final quality; a
properly operated recorder causes remarkably lit-
tle degradation of sound.

This is in sharp contrast to loudspeakers, whose
sound has thus far defied all efforts to define it in
terms of measured parameters, and to amplifiers,
most of which are capable of such high quality that
a discussion of their sonic characteristics belongs
more in the area of opinion than provable fact. The
tape recorder, on the other hand, is a highly refined
but nevertheless imperfect device, many of whose
capabilities and imperfections can be inferred from
its electrical and mechanical specifications.

Not all recorders are specified with equal thor-
oughness. The best machines, however, carry an
impressive array of figures and technical terms,
probably more confusing than edifying to a non-
technical reader. Using the published specifications
of a typical high-quality open-reel recorder as an
outline, here are definitions and explanations of
some of the specifications, with observations on
those with greatest significance as well as those of
little or no importance.

Most of the specifications for an open-reel re-
corder can also be applied to a cassette recorder.
Until recently, many of the operating features of
open-reel tape machines were not available in the
cassette format, and there were considerable differ-
ences in some of their performance characteristics.
This situation is changing rapidly and the gap
(including price') between cassette and open-reel
machines is closing.

Tape-recorder performance ratings, like those of
other components, are based on specified test con-
ditions, which unfortunately are rarely specified by
the manufacturer in his literature. Wherever appro-
priate, we will indicate the standard test conditions
or those used in Hirsch-Houck Laboratories’ tests
of recorders for STEREO REVIEW and POPULAR
ELECTRONICS where we deviate from standard
practice or where no standard exists.

Drive System. A tape transport may use one,
two, or three motors. A three-motor machine has a
constant-speed motor to drive the capstan, which

12

determines the tape speed. Each tape reel is driven
by its own torque motor which maintains a constant
tape tension, within the tensile limits of the tape
base material. During high-speed operation (fast-
forward or rewind), the capstan does not contact
the tape and one reel motor operates at high speed
while the other supplies a controlled amount of
“drag” to prevent tape spills.

Many inexpensive open-reel machines and most
cassette recorders use a single motor which drives
the capstan at constant speed and operates the reels
through a system of belts and slip clutches. Single-
motor transports usually have somewhat more flut-
ter than three-motor types. However, this is also a
function of the overall quality of construction and
three inexpensive and poorly balanced motors
could be inferior to a good single-motor transport.

Three-motor tape transports are inherently more
reliable, due to the elimination of belts and clutches
which require periodic adjustment or replacement.
They lend themselves to remote control, via electri-
cally actuated solenoids; many of the better three-
motor machines are equipped for optional remote
control. A very practical advantage of a three-mo-
tor transport is its higher speed in fast-forward or
rewind, typically two to three times as fast as a sin-
gle-motor machine.

Some cassette decks (and a few open-reel re-
corders) use two motors; one for the capstan and
one driving the tape hubs through belts. At least one
cassette machine has a three-motor transport.

Types of Motors. To ensure constant tape
speed, the capstan of a tape recorder should be driv-
en by a constant-speed motor, such as a synchro-
nous motor, whose speed is a function of the power-
line frequency and is independent of line voltage or
minor load variations. Synchronous motors are
almost universally used for capstan drive in high-
quality recorders, with induction motors to drive
the reels. The torque and speed characteristics of
induction motors are well suited to this application.
Many single-motor machines also use them for cap-
stan drive. The speed constancy of an induction
motor (it can vary slightly with load changes or
large line-voltage changes) is adequate for most
home recording purposes, but not for professional
applications, where precise timing is important.

TAPE RECORDING & BUYING GUIDE
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Two-speed synchronous motors are widely used,
since they do not require mechanical shifting of
belts or drive wheels when changing tape speed
(except in a three-speed machine, where this is usu-
ally done to select the lowest speed).

A few very fine tape transports use an electroni-
cally servo-controlled d.c. motor for their capstan
drive. This system, although expensive, provides
complete electrical control of tape speed, including
such possibilities as vernier adjustment or even
continuous adjustment over a wide range. It is also
entirely unaffected by line voltage or frequency
variations. Many cassette recorders also use servo-
controtled d.c. motors, and at least one has a more
sophisticated direct-drive motor operating at cap-
stan speed.

Tape Heads. Most recorders can be classified as
two-head or three-head machines. As a minimum,
an erase head and a combined record/playback
head are required. The electronic portions of two-
head recorders are switched between the record
and playback functions, which accounts for this
being the most popular system in low-priced re-
corders.

For best performance, different gap widths are
required on the recording and playback heads. A
combination head is usually designed to favor the
playback function, which compromises some of its
recording characteristics. The ideal solution is to
have separate heads for the two functions and this is
now the rule in all but the least expensive open-reel
recorders.

The separate playback head makes it possible to
monitor the program from the tape an instant after it
was recorded. Separate recording and playback
amplifiers are also required for this feature, which is
now found on most tape decks with any pretensions
of high-fidelity performance. Off-the-tape monitor-
ing simplifies setting optimum program levels. Dis-
tortion or hiss from excessive or insufficient level
shows up immediately, as well as hum and unex-
pected background noises.

Almost all cassette recorders have two heads,
required by the Philips patented cassette design. A
few have been built with separate record and play-
back heads, with a third head for non-critical moni-
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toring or with a single head structure containing
separate record and playback gaps.

Most home tape recorders, either open reel or
cassette, are four-track (quarter-track) machines. A
stereo program is recorded on two tracks in one
direction, and when the reels are interchanged the
second pair of tracks is recorded in the opposite
direction. A number of open-reel recorders, and a
few cassette machines, are designed to play in both
directions without physically interchanging the
reels or turning over the cassette. Usually, the re-
versal can be accomplished automatically with the
aid of a piece of conducting tape attached to the
recorded tape or by a sub-sonic tone added to the
tape recording. In the case of cassettes, the stalling
of the transport at the end of play initiates the rever-
sal instead of simply shutting off the recorder.

In order for the playback head to contact the sec-
ond pair of tracks in the reverse direction, it must be
shifted mechanically or a second head can be used.
A few recorders can also record in the reverse
direction. In this case, as many as six heads may be
needed.

For more demanding applications where ease of
editing, maximum dynamic range, and lowest dis-
tortion are required, the rwo-track (half-track) for-
mat is used. The two tracks occupy the entire tape
width and are recorded in one direction only. Many
semi-professional machines are optionally available
with two-track heads.

Quadraphonic open-reel recorders employ the
standard four-track format, using only one direction
of tape movement. Except for the additional record-
ing and playback amplifiers, they are essentially
similar to stereo machines. An alternate arrange-
ment used in a number of open-reel recorders is a
conventional three-head, four-track stereo configu-
ration, plus a separate four-channel playback head
with two additional amplifiers for playback only of
four-channel tapes. At this time, no four-channel
cassette recorders have reached the market, but
there have been public demonstrations of both four-
track and eight-track quadraphonic cassette re-
corders.

Tape Speeds. Most home tape recorders oper-
ate at 7Y2 ips (19 cm/sec) and 3%4 ips (9.5 cm/sec).
The higher speed provides slightly extended high-

TAPE RECORDING & BUYING GUIDE
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frequency response, but many of today’s open-
reel recorders can cover the audible frequency
range with equal effectiveness at either speed.
Nevertheless, a 7Y2-ips recording is easier to edit
and will almost always have a better S/N ratio,
lower distortion, and lower flutter than one made
at 3%4 ips on the same machine. Balancing this is
the economy of the slower speed, which requires
half as much tape for the same recording time. Some
recorders also have a 178 ips (4.75 cm/sec) speed,
principally for recording voice or non-critical musi-
cal material.

A few high-priced machines offer 15 ips (38
cm/sec), either in addition to the two normal speeds
or replacing the slower one. This feature is usually
found in recorders designed to handle 10¥2-inch
reels, which provide the same playing time as a 7-
inch reel operating at 7Y%z ips. Compatibility with
tapes that have been made on professional ma-
chines, or which must be played on them, is the
principal reason for using the 15-ips tape speed.

The cassette recorder operates only at [7/s ips.
However, by virtue of special head designs and tape
formulations, many of them are capable of true
high-fidelity performunce. The best cassette ma-
chines compare favorably with a good open-reel
recorder in listening quality.

Fast Winding Time. Many manufacturers speci-
fy the time required to move a given length of tape
in fast-forward or rewind. Some single-motor trans-

ports require as much as 3 minutes or more to han-
dle a 1200-foot (370 m), 7-inch reel of standard 1.5-
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mil tape. Three-motor machines typically operate
about twice as fast. With thinner tape (1 mil or 0.5
mil), either 1800 feet or 2400 feet can be wound on
a 7-inch reel and proportionally longer times are
required.

For a given playing time, most cassette recorders
are comparable to three-motor open-reel machines
in their tast speed operation. Times of 75 to 90 sec-
onds arc typical for a C-60 cassette (equivalent to
1200 feet of tape at 7¥2 ips). A few cassette trans-
ports can move a C-60 tape in 60 seconds and a
couple are as fast as 40 to 45 seconds.

Wow and Flutter. Wow and flutter are the audi-
ble effects of requency modulation of the program
material, caused by uneven motion of the tape
across the heads. When the speed fluctuation oc-
curs at a low rate (under 10 Hz), the characteristic
“wow” sound can be heard. This is especially ap-
parent on tones of extended duration, such as the
organ and the decay of piano notes. Faster rates, up
to 200 Hz or more, are heard as “flutter” —a slight
muddying of the sound and in extreme cases, a
“gargling” quality.

Wow and flutter measurements are frequently
combined into a single flutter rating, expressed as a
percentage of frequency modulation. For example,
a 0.2% flutter will cause a 1000-Hz tone to vary
between 998 Hz and 1002 Hz. Higher and lower
frequencies will be affected proportionately. The
audibility of flutter depends on several factors, in-
cluding: magnitude, rate, and program material (du-
ration and frequency range of tones).
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The human ear is most sensitive to flutter affect-
ing frequencieés in the vicinity of 3000 Hz, which is
why a frequency of 3150 Hz is now generally used
for flutter measurement. Standard test tapes are
recorded with a 3150-Hz tone that has a very low
intrinsic flutter (typically less than 0.02%). The tape
is played on the recorder and its output measured
with a flutter meter. This is essentially a calibrated
FM receiver, fix-tuned to 3150 Hz, with a meter
indicating the percentage of frequency modulation.

Unweighted rms flutter measurements respond
equally to flutter rates over a wide range (such as
0.5 Hz to 10 Hz for flutter, 10 Hz to 200 Hz for
flutter, or 0.5 Hz to 200 Hz for a combined mea-
surement). Since the most audibly objectionable
flutter rates occur between 1 and 10 Hz, current
IEEE standards call for a weighred peak flutter
measurement, emphasizing that frequency range
and reducing the contribution of higher and lower
frequencies to the final measurement. Some re-
corder manufacturers use a similar weighting curve
applied to rms rather than peak measurements.
These are usually identified as “Wrms’’ flutter mea-
surements.,

Weighted readings are always less than unweight-
ed readings, usually by about 20 to 30%. A peak
measurement will always be greater than an rms
measurement. A comparison among published flut-
ter ratings for different recorders is only valid if the
same technique was used in all cases.

Cassette recorders are tested in the same manner,
except that presently available test cassettes have a
residual flutter level between 0.1% and 0.2 %, which
is more than that claimed for the latest recorder de-
signs. To test these machines, a standard test tone is
recorded and played back into the flutter meter.
Some flutter is introduced when recording and some
during playback, (these may add or cancel each
other at different times). By taking several readings
and averaging them, it is possible to establish an
approximate flutter rating.

In multi-speed recorders, flutter is usually less at
the higher speeds. Bi-directional recorders may
show slight differences in flutter when running in
forward and reverse directions due to variations in
the tape tensioning and guidance system. As a rule
these effects are minor.

In most cases, a flutter level of 0.1% or less will
not be audible. Most of the better open-reel re-
corders (and a few cassette decks) can meet this
requirement. Typical good cassette recorders have
0.15% to 0.25% flutter, while low-priced open-reel
machines fall in the same range. With some types of
music this can be audible but, in general, it would be
apparent only to a critical listener. Flutter levels
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exceeding 0.3 % are not consistent with high-fidelity
reproduction.

Signal-to-Noise (S/N) Ratio. The dynamic
range of a tape recorder is limited by the maximum
level that can be recorded and played back with
acceptably low distortion and by the residual noise
level in the playback output. The ratio of these two
levels, expressed in decibels, is the signal-to-noise
ratio (S/N). Strictly speaking, it is the signal plus
noise-to-noise ratio, (S + N)/N, but the difference
is minor in this case.

Usually, a single figure (e.g., 55 dB) is given as
the S/N rating. Implicit in such a rating is a specific
(but often unstated) distortion level at maximum sig-
nal input. A total harmonic distortion (THD) of 3%
is generally used as a reference for S/N rating of
home tape machines. Like all hi-fi components, the
distortion of a tape recorder increases with program
level, especially near its maximum capability. How-
ever, one cannot assume that 3% THD will coincide
with a *“0 dB” or other indicated maximum recom-
mended recording level on the machine’s meters.
As a rule, the reference distortion will be reached
with an input of +3 dB to +6 dB, allowing some re-
serve recording ‘“headroom™ for brief peaks that
might not register on the meters. In the case of cas-
sette recorders, the headroom is usually not more
than 2 or 3 dB at middle frequencies (and sometimes
considerably less) and reduces greatly at higher fre-
quencies due to the greater recording equalization
necessary to achieve a wide frequency response.

The audible noise level in the playback output
consists mostly of hiss or wideband random noise.
Usually there will be some low-frequency noise as
well (such as power-line hum), but this is much less
audible due to the characteristics of human hearing.
An unweighted noise measurement responds equal-
ly to hum and hiss and may give an unduly pessi-
mistic result in terms of the subjective character of
the noise. Therefore, it is customary to “weight”
the noise measurement to discriminate against the
less audible low and high frequencies. Sometimes
the weighting curve is specified (e.g., ANSI “A™
weighting, etc.) but often it is not. As with flutter,
S/N ratings can only be compared when they are
based on the same reference distortion and noise
weighting characteristics.
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If Mozart were ahve toda hed be recordmg
on"Scotch brand recordmg tape.

Mozart was a child prodigy. a hint from the master.
He wrote a concerto at six, a sonata Use “Scotch” brand —the
at seven and a symphony at eight. Master Tape.

But, even more 1mp01t¢mt he grew
up to be a pro. 2

That's why if Mozart were alive
today, he'd be recording on“Scotch”
brand 1eundmg tape. lust like the
pros in today’s music business.

Because nearly 80% of all master
recording studios use “Scotch™brand
recording tape.

So next time you record
something, maybe you should take

IM The Master Tape
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Distortion. Tape-recorder distortions are difficult
to summarize in a single specification, since they
vary widely with level, trequency, and the nature of
the test signals. At middle frequencies, such as
1000 Hz, the THD is easy to measure. At frequen-
cies exceeding one half to one third of the re-
corder’s maximum response frequency. the har-
monic levels in the playback will be reduced or
eliminated by the machine’s inherently limited re-
sponse so that THD cannot be used to measure
nonlinearity at the higher audio frequencies where
it 1s most serious. Two-tone intermodulation dis-
tortion (IM) measurements are needed tor this but
there is no universal standard for such tests at
present.

The THD distortion ratings published for tape
recorders (e.g., “less than 19”’) can be assumed in
the absence of other information to be measured
with a 1000-Hz signal recorded at an indicated level
of 0 dB on the recorder’s meters. This is the pro-
cedure followed at Hirsch-Houck l.aboratories and
we believe it to be typical of industry practice.
Since distortion is also affected by tape speed, it
should be specified at each operating speed.

Like many other tape-recorder specifications,
distortion can also be affected by the type of tape
used. Fortunately, in the case of open-reel re-
corders, the differences are minor, within any one
classification of tape (“standard,” “low noise,”
etc.). Most manufacturers do not specify the tape
used in their own tests, but our test reports do. In
the case of the cassette recorder, the tape is a criti-
cal factor and must be known for any meaningful
interpretation of the ratings.

Difference in over-all
frequency response with
change of tape formulation
(at fixed *Std” bias setting).

RESPONSE IN dB

Frequency Response. A frequency-response
specification, as a minimum, should include the lim-
its (e.g., 40-20,000 Hz). the variation over that
range (=3 dB), and the tape speed (7Y2 ips, 19
cm/sec). The frequency response also depends on
the tape used. but with most open-reel recorders
this is not very critical.

Most tape recorders, especially at the lower tape
speeds, cannot achieve their rated frequency re-
sponse at maximum recording level. This is due to
saturation of the magnetic tape coating at the higher
frequencies which are boosted by the recording
equalization and appear as a roll-off of high-fre-
quency response. It is customary to measure ftre-
quency response at a lower level. not more than
—10 to —15 dB, to avoid high-frequency saturation
problems.

Recorders differ considerably in their susceptibil-
ity to high-frequency tape saturation. The recording
equalization. which is a key factor, is rarely (if ever)
specified and cannot be measured from outside the
machine. The easiest way to judge a recorder’s
high-frequency headroom is to measure its frequen-
cy response at ) dB and at a lower level such as —20
dB. The smaller the difference in high-frequency
response between the two measurements. the better
the recorder in this respect.

In the Hirsch-Houck Laboratories’ tests, we re-
cord at =20 dB using a sweeping oscillator and play
back into a chart recorder synchronized to the fre-
quency sweep. Similar results, with less resolution.
can be obtained by recording spot frequencies and
readings the playback levels on a meter.

Cassette recorders present special problems. The
high-frequency recording equalization is greater
than that used in open-reel machines and the test
level should not exceed —20 dB. One manufacturer
even recommends a —30 dB level for testing his
machine. For best results, the recording bias should
be matched to the tape characteristics. This is im-
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portant even with open-reel recorders but is abso-
lutely vital with cassette decks. Not only must the
bias be set for the type of tape, but for the specific
brand. A few recorder manufacturers specify the
tapes for which their machines are set up at the fac-
tory. but most do not. Except for the two- or three-
position switches used to set the bias for a general
category of tape. external bias adjustments are rare
in open-reel recorders and almost non-existent in
cassette recorders. For the consumer, this means
that he must restrict himself to the specific tape

used by the manufacturer in his final adjustment of

the machine. unless he is competent to re-adjust the
bias himself. Most recorder manufacturers will be
glad to suggest suitable tapes, if they are not listed
in the instruction manual. Alternatively. the con-
sumer can try several brands and standardize on the
one that sounds best.

When using chromium-dioxide (CrQ,) tape. it is
only necessary to have a machine with a switch that
selects the appropriate bias (and generally, equali-
zation) for this tape. Although CrO, tape can only
be used on recorders equipped for it, it has the ad-
vantage of being magnetically interchangeable
among manufacturers. Chrome cassettes, of any
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manufacture, are so nearly alike in their bias re-
quirements that the user is not restricted to any par-
ticular brand.

A frequency-response rating of “40 to 20,000
Hz.+3 dB” means that the output can vary a total
of 6 dB from its maximum to its minimum, within
that frequency range. Without an actual response
curve (rarely supplied by the manufacturer. but in-
cluded in most equipment test reports}, one cannot
assume that two recorders with identical ratings will
sound alike. One may have a rising response at the
high end and will sound bright. Another, still within
the =3 dB rating, could have a falling high-frequen-
cy response and sound subdued or even dull. Be-
tween these extremes there are an infinite number
of response variations which can only be defined
graphically. If the variation were small, such as *1
dB, the ratings could be compared with greater va-
lidity. but most recorder manufacturers use a broad-
er tolerance to encompass the wider range of varia-
tions found within an extended range of frequen-
cies.

Another aspect of recorder frequency response,
not always specified separately, is its plavback re-
sponse. This indicates the accuracy of its playback

The plavback response of a

+‘0l* cassette recorder using 1wo
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equalization and its suitability for playing commer-
cially recorded tapes or tapes made on another re-
corder. Playback response is measured with a stan-
dard test tape, which usually has a relatively limited
range compared to the coverage of most of today’s
recorders. Typically, these are 50-15,000 Hz at 7Y2
ips, 50-7500 Hz at 3%a4 ips. and 31.5-10,000 Hz for
cassettes.

Crosstalk and Stereo Channel Separation.
These are different manifestations of the same ef-
fect —leakage of a signal from one track of the tape
to another. This leakage is largely a function of head
design but can also occur in the wiring to the heads
and in the recorder’s electronics.

Both effects are usually specified at a middle fre-
quency, such as 1000 Hz, although they vary with
frequency. Crosstalk is the more serious, from a lis-
tening standpoint. It is a transfer of signal from one
pair of tracks to the other. When playing the tape in
the forward direction, the second pair of tracks are
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being played backwards, and the crosstalk will be in
the form of noise or garbled sounds, with no rela-
tionship to the desired program. When the leakage
occurs between the two stereo channels in the same
direction of tape travel, its only effect is to slightly
dilute the audible separation of the program. Since
any tape recorder is likely to have much better
channel separation than the program being recorded
actually requires, this “problem” is trivial. Typical
specifications for a high-quality recorder might be:
Crosstalk more than 60 dB at | kHz: separation
more than S0dB at | kHz.

Bias Frequency. The bias frequency is often
specified, but has little direct bearing on the suitabil-
ity of the recorder for home service. As long as it
exceeds about five times the highest frequency to be
recorded, there is no need to be unduly concerned
about the actual bias frequency. Most recorders
have a bias frequency between 75 kHz and 125
kHz.

MISCELLANEOUS CHARACTERISTICS

There are @ number of tape-recorder characteris-
tics which are never mentioned in published specifi-
cations. Most of them are probably of little interest
to the average user, who can generally obtain the
information from the manufacturer if he wishes. A
few items which may be meaningful to the home
recordist deserve mention, however.

The meters of

Meter Characteristics. level
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many recorders are marked as “VU’™ meters. usu-
ally incorrectly. The abbreviation “VU” means
volume unit, and the characteristics of a VU meter
are detailed in an IEEE/ANSI specification. These
include a frequency response within 0.5 dB from
25 to 16,000 Hz, and a 0 VU reading correspond-
ing to | milliwatt at a specified impedance (usually
600 ohms). When a signal which will result in a
(0 VU reading is applied. the meter pointer should
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read 99% of that reading in 0.3 second, with an
overshoot of 1 to 1.5%, and should return to its
rest in approximately the same time when the sig-
nal is removed.

Typical home-recorder meters rarely have the
ballistic characteristics of a VU meter and are more
correctly described as ““dB meters’ (assuming that
their dB calibrations are correct, which is not ai-
ways the case). In our recorder tests, we apply
toneburst signals to check the response of the
meters. Some overshoot considerably but most are
too slow and read substantially less than a true
VU meter on transient signals.

It is important to know the general response char-
acteristics of a recorder’s meters to be able to allow
sufficient reserve range for brief program peaks.
Most meters, including true VU meters, are aver-
age-responding devices and will not indicate the
peak level of the signal. Some recorders have peak-
reading meters, able to respond in a few millisec-
onds. In some units, the meters read the outputs of
the recording amplifiers thereby including the effect
of the equalization and reducing the likelihood of
over-recording a signal having strong high-frequen-
cy content.

Limiters and Automatic-Gain-Control Cir-
cuits. Many recorders use electronic circuits to
establish correct recording levels. In a number of
cassette recorders, and a few open-reel machines,
these are automatic-gain-control (a.g.c.) circuits,
which may entirely replace manual recording level
controls. An a.g.c. circuit operates the recording
inputs at maximum gain in the absence of a signal
and quickly reduces the gain to accommodate any
signal level. Although the attack is fast {a few
milliseconds), the release time. (return to higher
gain) is much slower, typically a number of seconds.
Such a.g.c. systems are convenient for recording
conferences where voices may originate at differ-
ent distances, but are unsuitable for recording
music. During pauses in the program, the upward
surge of background noise is noticeable and fre-
quently objectionable.

Limiters, found in some of the better cassette and
open-reel recorders, are quite different in their ef-
fect. Although a limiter. as used in home recorders,
may be very similar in its attack and release times to
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an a.g.c. system, it does not come into operation at
normal program levels. The recording-level con-
trols are set in the usual manner and, under most
conditions, the limiter circuit has no effect. How-
ever, if the level exceeds the recorder’s rated maxi-
mum (usually +1 to+2 dB on its meters), the limiter
reduces the gain almost instantly. 1f the recording
level is set too high, the result may be quite similar
to an a.g.c. system, with “pumping” and audible
variation of background noise. With correct levels,
the action of a good limiter will not be detectable
yet it can provide effective insurance against distor-
tion from unexpectedly high signal levels.

AR

Microphone Input Circuits-Dynamic Range.
The noise level of a good open-reel recorder, or a
Dolby-equipped cassette recorder, is negligible for
most practical purposes. When taping from records
or FM radio, the noise in the input signal will usu-
ally exceed that introduced by the recorder.

A notable exception is the case where micro-
phones are used for a “live” recording. Assuming
that ambient background noise is low and that pre-
cautions have been taken to eliminate hum pickup,
the noise (hiss) in the recorder’s microphone pream-
plifiers will often be unpleasantly audible, especially
when operating near maximum gatn. Although no
recorder manufacturer we know of specifies the
noise contribution of his microphone ampilifiers, our
laboratory measurements include a check of the
increase in noise at maximum microphone gain as
well as at lower settings. Some recorders will in-
crease the noise by only 3 dB or less through the
microphone inputs (as compared to the line inputs),
while others add 20 d B or more.

Another important consideration, frequently
omitted from recorder specifications, is the maxi-
mum signal capability of the microphone amplifiers.
1t is entirely possible on many recorders, when re-
cording high-level performances such as rock
groups, to overload the microphone amplifiers. The
distortion this produces is independent of the gain-
control settings or the meter readings. Obviously,
the more input signal a recorder can handle without
distortion, the less likely this is to occur. An exter-
nal microphone attenuator can be used to prevent
this and some recorders have built-in microphone
attenuators.
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Headphone Output Level. Many recorders
have outputs for low-impedance (4 to 16 ohms) ste-
reo headphones. The output level is sometimes
specified. either in millivolts or milliwatts. Without
knowledge of the sensitivity of the specific head-
phones to be used, this is useful only for comparing
recorders. As a rule, headphone volume is fairly
low and might not be suitable for monitoring a re-
cording in the presence of the live sound, even if it
is adequate for normal listening. Very few recorders
will deliver satisfactory volume with high-imped-
ance phones (200 to 600 ohms), so be sure to check
the compatibility of the recorder and the phones
you intend to use if this is of importance.

Features. Many of the specifications far most
tape recorders are devoted to what might be termed
features rather than actual performance specifica-
tions. Some items, such as input and output levels
and impedances, fit into both categories. With the
possible exception of microphone sensitivity and
impedance. there is little likelihood of difficulty with
the interface between recorder and other compo-
nents. There is a large overlap between recorder-
input sensitivities and amplifier tape-output levels
as well as between amplifier-input sensitivities and
recorder-output levels.

Most recorders made for the European market
have DIN connectors, usually in addition to the
standard U.S. phono connectors. The DIN is a
German standard system in which the input and
output signals are carried by a single connector.
Compatible receivers and amplifiers have similar
connectors and a single cable between recorder and
amplifier makes all signal connections. The DIN
input level to a recorder is much lower than stan-
dard line-input levels so that special adapters and
attenuators are needed if an American-type ampli-
fier or receiver is connected to a DIN input socket.

Reel size is standardized at 7 inches for home
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recorders, but 10%2-inch professional-size reels can
be used on some models. Usually such recorders
have a switch to adjust the reel braking for the two
sizes. Automatic end-of-play shut off, including
mechanical disengagement of the tape drive, is now
found on almost all cassette and open-reel re-
corders. In the more expensive units, the “Mic”
and “Line” inputs have separate recording-level
controls and can be mixed. Lower priced models,
including most cassette recorders, transfer the re-
cording inputs from *“Line” to “Mic” when micro-
phones are plugged in.

Better grade cassette recorders almost universal-
ly incorporate the Dolby “B” or some other noise
reducing system. such as the ANRS used in JVC
recorders. A few expensive open-reel recorders are
also *“Dolby-ized” the price differential for this fea-
ture is considerable in this case since the tape moni-
toring capability requires four Dolby circuits in-
stead of the two used in cassette recorders.

A number of open-reel recorders, as well as most
of the better cassette machines, have switchable
bias for different tape formulations. In the case of
open-reel machines, this allows for “standard” or
“low noise” tapes. With cassette recorders, the
choice is between ferric-oxide and chromium-diox-
ide tapes, although some provide for two grades of
ferric oxide as well as CrO,. To obtain optimum
results with CrQ,, it is desirable to change the re-
cording and playback equalization as well as the
bias. The best cassette recorders do this: others
change only bias and playback equalization. bias
and recording equalization. or simply bias alone.

Most three-head open-reel recorders permit spe-
cial effects such as sound-on-sound and echo re-
cording, usually in mono only. Except for such ap-
plications as language instruction, these are proba-
bly of minor importance. In general, they are ac-
complished by playing back the output of one chan-
nel into the input of the other while the second is
being recorded, together with new program materi-
al. Sometimes this calls for the use of external patch
cables but many machines have front-panel switch-
es to make the necessary interconnections.

An important variation on this is the synchro-
nized recording capability of a few deluxe open-reel
recorders. These can be operated so that the re-
cording head of one channel serves as a playback
head. A performer, listening on headphones, to pre-
viously recorded material can record a second track
in synchronism with the first. With a four-channel
recorder, this makes possible the creation of many
musical effects which are typical of commercial
recordings, but have in the past been unavailable to
the home recordist. 0
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YOUR FIRST TAPE REGORDER!

Guidelines to making a decision you won'’t regret
By Ralph Hodges

—alli;—a

NYONE about to buy his first tape machine
must first choose from one of three tape for-
mats available: open-reel. cassette, or eight-

track cartridge.

The three formats were developed at different
times and were intended for different, rather spe-
cific purposes (and 1 should explain that “format”
refers both to the forms in which the tapes come to
you and to the non-interchangeable machines on
which they are played). Open-reel, which is the
format that usually comes te mind when someone
says ‘“tape recorder,” was the first of the existing
configurations. The open-reel tape is wound in a
pancake shape on a plastic reel similar to home
movie-film reels. And, like such film. the tape in an
open-reel machine has to be physically handled.
You must unwind a length from the “supply” reel,
thread it through the tape machine’s guides and
across its tape heads, and finally attach it firmly
(usually by winding one or two layers over the
loose end) to the hub of the “‘take-up” reel.

Open-reel machines for consumer use are almost
always four-track, which is to say that they are de-
signed to record and play back two-channel stereo
in both directions of the tape —one stereo pair run-
ning in one direction and a second pair running in
the other. as shown. Utilizing the available space in
this way saves tape, and the other two formats fol-
low the example set by open-reel, though in dif-
ferent ways. (Discrete four-channel, or quadra-
phonic. open-reel tapes are nor recorded in both
directions; all four tracks are played in one pass by
the special machines equipped to handle them.)

Some open-reel tape machines require that you
switch the reels around in order to play or record in
the reverse direction. COthers—the automatic-
reversing types —are designed to reverse direction
when all the tape has been transferred from the
supply reel to the take-up reel (completion of the
forward side), winding the tape back onto the origi-
nal supply reel as side two is played.

The eight-track and cassette formats came later.
They are both ‘“cartridge” systems, with the tape
being enclosed in a plastic shell—ideally, you
should never have to touch it. Eight-track cartridges
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were initially designed for use in automobiles,
where disc recordings and open-reel tape would be
impractical. These cartridges are somewhat larger
than cassettes and contain only one reel on which a
long continuous loop of tape is, remarkably. wound
and unwound simultaneously. You simply plug an
eight-track cartridge into the player or recorder, and
it does the rest. As its name implies, the cartridge
has eight parallel tracks — it accommodates four ste-
reo programs or, more recently, two four-channel
programs. But the tape never reverses direction:
instead, the tape head in the machine is periodically
and automatically shifted to intercept the various
sets of tracks.

Cassettes and the machines on which they are
played were first envisioned as low-fidelity devices
for recording speaking voices only, but somewhere
along the line the cassette became a serious music
medium. Cassette tapes themselves are small —a bit
larger than a pocket address book. In their layout
they resemble a miniaturized open-reel system.
except that the two reels (simple hubs, actually) are
within the plastic shell, and the tape is accessible
only through openings along an edge of the housing
Cassettes are also recorded and played in two direc-
tions and must usually be flipped over for side two,
although some automatic-reversing machines for
home and automobile use are available.

Now that you know what the three formats are,
let’s look at their respective merits for your mod-
est—or elaborate —tape-recording purposes. The
considerations will be: fidelity. suitability, flexibili-
ty, reliability, and portability. Maybe one of these
points will be a deciding factor in your case; maybe
others will intrigue you and encourage you to dig
deeper.

® Fidelity. If you plan to do most of your listening
to commercially prerecorded tapes. their fidelity
will determine the limits of the fidelity you get in
playback. It is rare that audiophiles are overwhelm-
ingly impressed by the sound of a prerecorded tape
produced by one of the big duplicating companies.
In general, prerecorded tapes. at their infrequent
best, sound almost as good as discs. Of the three
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Open-reel tape is wound in a pancake shape on
a plastic reel similar to home movie-film reel.

formats. open-reel prerecorded tapes are probably
still the best in overall frequency response. noise
level. dynamic range, and so forth. Cassettes rank
second. and eight-track cartridges are a somewhat
distant third. This is no necessary reflection on the
potentials of the formats — or how they might sound
if you make your own tapes. It's simply the way
things are with the prerecorded products.

A prerecorded tape that doesn’t have hiss is rare
in any format. Dolby B processing, the hiss-reduc-
ing treatment for tape introduced to consumers
some years ago, 1s available on a number of cassette
releases und (so far) on a few open-reel prerecorded
tapes. According to Ampex, it will soon be offered
on eight-track cartridges. This process is the most
effective way of dealing with hiss on your tapes, but
you will have to pay more for a tape machine with
Dolby circuits or buy a separate, add-on Dolby
unit. Equipment with built-in Dolby circuits is
much more expensive in the open-reel format than
with cassettes. probuably because the open-reel
machines generally use four Dolby modules (to
encode for recording and simultaneously to decode
the monitor-head output). Cassette machines, on
the other hand. almost all use w0 Dolby modules
that are switched to encode during recording and to
decode during play. The exceptions are the very
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expensive cassette decks (about $700 and up) with
full-response monitor heads.

There are no Dolbyized eight-track cartridges
available at this moment (their introduction has just
been announced by Ampex, however), but there is a
Dolby-equipped eight-track record/play deck (from
Wollensak) that will enable you to make your own
Dolbyized cartridges. 1 would expect the results to
far outshine any commercially recorded cartridge.
And the same would be true for tapes you make on
your own Dolbyized equipment in the two other
formats as well. Open-reel and even cassette re-
cordings that are home-made on the best equipment
are often audibly perfect. There are, however, cer-
tain unavoidable inconveniences in recording on
eight-track cartridges, and these will be discussed
later on.

® Suitability. None of the three formats is compati-
ble with any other, which means that you cannot
play a cartridge on an open-reel or cassette ma-
chine. (However, there are a few tape decks avail-
able that have special separare facilities for two of
the three formats. There are also adaptors that will
permit cassettes to be plugged into eight-track play-
ers, but they seem somewhat unreliable at best.)
Therefore, you must think about the suitability of a
particular tape format to your present and future
needs and way of life. For example, if you bought
your present automobile with a tape player already
installed, chances are it's an eight-track unit. and
this is a persuasive argument for owning a home
eight-track recorder/player to generate new materi-
al for car play and to be able to play at home the
tapes you have acquired to listen to while driving.
But if you’re starting from scratch, an auromatic-
reversing cassette player is fully as convenient (and
safe) to use in a car—and four cassettes will fit in
the space occupied by one eight-track cartridge.
Also. with a cassette deck connected to your high-
fidelity system. you’ll be able to make tapes to play
either at home or in your car.

One question you’ll have to deal with sooner or
later is whether to buy a tape recorder or a tape
deck. A recorder, in current parlance. is a machine
that comes complete with its own amplifiers and
speakers —in other words, a self-contained music
system. A deck is designed to be connected to an
existing music system (appropriate plug-in jacks
must be provided on the amplifier or receiver). and
it will never make a sound until it is. Recorders and
decks are available in all three formats. (It might
also be mentioned that many recorders can function
as decks as well if they are connected to an external
music system through special output jacks: in this
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Inside view of the 8-track cartridge with its sir-
gle reel and continuous loop of recording tape.

mode of operation the recorder’s own built-in
speakers and amplifiers are simply by-passed.)

Four-channel prospects enter into the question of
suitability to your needs. Should you want four-
channel sound. which of the formats is best for you?
In the eight-track and open-reel formats, four-chan-
nel recording is now a reality. You can buy discrete
quadraphonic eight-track tapes and a few open-reel
quadraphonic releases, as well as special machines
to play them and even to record your own. But be
warned that the equipment to play the Dolbyized
discrete quadraphonic open-reel tapes that are
emerging is going to be expensive.

Philips, the firm that licenses the cassette format,
endorses discrete four-channel cassettes only in a
form that is technically difficult to cope with. It in-
volves four parallel tracks running in one direction.
and four tracks running the other —and eight-track
cassette, in other words. The technical problem
arises because the track width of an eight-track cas-
sette is half that of the eight-track cartridge.

There are other factors that could influence your
buying decision. For example. the availability of the
kind of music you like in one format or another.
Eight-track offers the largest selection of prerecord-
ed tapes, especially for youth-oriented music. In
contrast, reports are that sales of prerecorded cas-
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Cuassettes are more like open-reel svstems ex-
cept two reels are housed within a plastic shell.

settes last year amounted to a considerably smaller
share of the prerecorded tape market than the year
before. Prerecorded open-reel tapes, although con-
stituting the smallest library, have been growing in
popularity since Dolby-ized offerings were intro-
duced.

If you are concerned about the availability of the
kind of music you like prerecorded for a tape format
you are considering, a quick check of the Schwann
catalog will reassure (or discourage) you.

@ Flexibility. The idea behind the first high-fidelity
cassette deck was to approach the same perfor-
mance and flexibility afforded by open-reel equip-
ment, but in a form that was more compact and eas-
ier to use. By and large, this goal has been reached.
Cassettes are generally available in playing times
from 15 to 90 minutes in each direction of tape trav-
el, which nicely corresponds to what can be re-
corded on the various lengths of open-reel tapes (on
7-inch reels at 7%z inches per second). Cassettes are
much easier to handle (threading some open-reel
machines requires a knack that some master more
quickly than others), and dozens of them will fit in
an ordinary shoe box. Editing a cassette tape is con-
siderably more difficult than editing an open-reel
recording, but some people seem willing to attempt

25



it. Since the prices of the best cassette decks gener-
ally end where those for good open-reel decks begin
(somewhere around $300), the two formats do not
really compete on the basis of cost.

Look at the eight-track cartridge and you’ll imme-
diately see that it’s a system basically intended for
plavback. Cartridge recording is a clumsy business,
and for this reason there have been few cartridge
records on the market until recently. The longest-
playing cartridges | know of run 94 minutes in four
segments of 23Y2 minutes each. Every 23%2 min-
utes the endless loop of tape in the cartridge com-
pletes one full circuit, and the tape head shifts auto-
matically, with a “chunk,” to engage another set of
the parallel tracks on the tape. It does this three
times (once for the Q-8 four-channel cartridges),
and then you’re back where you started. The cy-
cling process is the same for recording as for play-
back. and since there is a break in the program ev-
ery time the tape head has to reorient itself, the
recordist has to keep careful track of the passing
minutes if he doesn’t want his music interrupted.
He can’t just look (as he can with cassettes and
open-reel) to see whether he is running out of
tape —even if he cowuld see it, which he can’t, he
couldn’t tell. A timer is therefore required. Some
Wollensak and JVC eight-track recorders, inciden-
tally, have such timers built in.

Although most eight-track decks provide a fast-
forward speed, you can’t reverse an eight-track car-
tridge. Thus, backtracking for editing or any other
purpose is simply out of the question. To return to a
specific point on the tape you must fast-forward
along through the entire loop until the spot comes
up again.

All this has effects on the prerecorded product as
well. A disc’s worth of music offered in eight-track
form has three interruptions instead of the disc’s
one. This is okay for popular songs, but disturbing
for long classical works such as Beethoven sympho-
nies or Strauss tone poems. On one such cartridge |
heard recently each track-switching break was pre-
ceded by an aesthetically disturbing fade-out — then
a fade-in after the track switch! In a car one could
perhaps live with such anti-musical distractions. but
not in the home.

® Reliability. According to reports, cassette and
eight-track troubles are most frequently caused by
the tape and its container, and open-reel difficulties
generally result from failures of the transport mech-
anism. Whatever the causes, the malfunctions mani-
fest themselves in two ways: mechanically (the
moving parts become erratic or inoperative) and
electrically (one or more channels become weak,
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distorted, or noisy, or go dead altogether). Electri-
cal problems can occur with any format, at any
time; it’s up to the designer of the equipment to
foresee and prevent them. But tape-motion trou-
bles, if they are caused (as happens with cassettes
and cartridges) by the tape pack itself, reflect on the
whole format. Open-reel has tape-pack problems of
its own — warped reels and, sometimes, rippled tape
edges. But transferring open-reel tape to a new reel
is easier than prying open a cassette or cartridge to
rescue the jammed tape inside.

Tape jamming within the plastic container has
plagued cassettes since their beginning, and only in
the past year or so has it secemed that jamming will
diminish to a “normal” defect rate. Eight-track car-
tridges have a special problem. Since layers of tape
wound on the reel must be free to slide past each
other, the tape has to be treated with some kind of
dry lubricant, and it appears that in time the lubri-
cant can wear out (or off). If there is a way to avoid
this. it is simply to buy only cartridges of the very
highest quality —good advice, incidentally. for any
of the tape formats. The tape industry does offer
warranties on its products.

® Portability. This is a consideration that will inter-
est only certain readers. Some are looking for carry-
along entertainment, and for them cassettes and
cartridges should be equally suitable. The size of a
portable tape player is mostly determined by the
size of its speaker. There are some ultra-small cas-
sette portables hardly larger than the cassette itself.
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Most home tape recorders use the four-track (quarter-
track) configuration. In the open-reel format. tracks
alternate in direction. The two-track lavour (half-
track) with wide tracks. which vield superior re-
sults (and double tape cost), is shown at right.
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HOW WILL YOU
USE YOUR
TAPE RECORDER ?

BEFORE buying a tape recorder, take the time
to critically examine your own personal re-
quirements. The most important question is: what
do you plan to do with the recorder?

For Playback Only

To play commercially recorded open-reel tapes,
a two-speed (3¥%4 and 7'/2 ips), four-track recorder
is necessary. Special recording facilities (sound-
on-sound, microphone mixing, etc.) are not re-
quired. In fact, no recording capability at all is
needed, but the “playback only” tape decks of a
few years ago are no longer being manufactured,
at least for home use.

Since a growing number of commerical open-
reel tape releases are being made with Dolby “B”
processing, a simple accessory Dolby noise-re-
ducing unit might be advisable. Built-in Dolby cir-
cuits are only found in a few rather expensive
machines. The main requirements for the recorder
itself are reasonably low flutter and noise level,
plus accurate playback equalization. Most moder-
ately priced tape decks are perfectly satisfactory
for this purpose. Many recorders are available with
built-in playback amplifiers and speakers (some-
times detachable for better stereo listening).
These are never comparable in quality to even a
low-priced hi-fi system. In any case, the inherent
limitations of high-speed duplicated commercial
tapes make ‘‘state-of-the-art” recorder perfor-
mance unnecessary.

Most of these comments apply equally to cas-
sette recorders, except that Dolby circuits are
usually built into machines selling for more than
$200. For serious listening to cassette recordings,
a Dolby-ized playback system is imperative. Many,
if not most, current cassette releases are Dolby-
ized. For listening only, there is even a Dolby-

equipped cassette player (not a recorder) available
from one manufacturer.

For Recording and Playback

Many people —perhaps the largest group of tape
recorder users—dub phonograph records and FM
broadcasts to build up a tape library. As with the
“listening only’”’ tape unit, no special recording
flexibility is required for this, but a good overall
record/playback frequency response is desirable.
The tolerable limits of recorder flutter, distortion,
and noise level depend somewhat on the quality of
the associated record-playing equipment and FM
tuner. An unweighted flutter of 0.2% or less, and a
S/N ratio of 55 dB or better, combined with a use-
fut frequency range from 30 Hz to 14 or 15 kHz,
will usually result in a tape copy virtually indistin-
guishable from the original program. For certain
types of music, such as piano, it's desirable to
have less than 0.1% flutter, but this also depends
on individual hearing acuity.

In practice, most medium-priced open-reel re-
corders, as well as most over-$200 cassette ma-
chines, are capable of an excellent job of disc or
FM dubbing. in the over-$300 price range, one can
expect ‘‘perfect” results in this application from
most open-reel and cassette recorders.

The majority of home tape-recording require-
ments fall into one of the two preceding catego-
ries.

If “live” recording is your goal, an open-reel
recorder is most desirable, since its tapes can be
edited. The quality and price of the recorder you
choose must be dictated by the specific nature of
your recording needs. For example, no recorder
can sound any better than the microphones will
allow, and good microphones are expensive. One
should be prepared to spend about half as much
for the microphones as for the recorder, for a
comparable quality of sound.

For anything more than casual recording, even
the more expensive recorders may lack the de-
sired input flexibility and require an external mix-
er. Costs escalate rapidly — not so much in relation
to audible performance as operating flexibility.
Clearly, each case must be evaluated individually.

Also, you can fit more cassettes than cartridges into
your coat pocket. However. if you already have a
large collection of cartridges, this might infiuence
your choice and make you decide on one of the por-
table eight-track players.

Other readers may want to make high-quality
recordings on location. The best—and in some
cases the smallest—machines for this purpose are
the special-application, battery-powered open-reel
units (Nagra, Stellavox, Uher, and so forth) de-
signed for recording film soundtracks and other pro-
fessional uses. Ironically, the smaller they are, the
more horrendously expensive they are. There are a
few pocket-size battery-operated cassette portables
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that do a surprisingly good job of recording music
with their built-in microphones. And Sony makes a
stereo portable cassette recorder with built-in Dol-
by circuits and provisions for chromium-dioxide
tape.

The foregoing discussion of the present state of
tape recording and its formats should provide you
with the basic information you need in choosing the

format for a first tape recorder. It seems clear that

all three formats are going to be with us for quite a
while. and your choice of format and particular
model should be made on the basis of your current
recording requirements rather than on an attempt to
guess what the distant future holds. Ol
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IAPE REGORDING TIPS
FOR BETTER REGORDINGS

HERE’S a widespread belief that, when

recording, the needles of the VU meters

should never go into the red area. On the
loudest music passages, so the homily goes, the
needle should just graze the 0 dB mark that forms
the lower boundary of the red “danger” zone.
Some recording tape manufacturers tell us to go
ahead and record in the red. This is because most
tape decks are biased at the factory for standard or
low-noise tapes. But today’s quality tapes are mod-
ified oxide types with much higher coercivity.
What this means is that they need more drive to
get «all of the recorded sound onto the oxide. And
once you give them that extra recording level,
they’ll repay in kind with higher output level, bet-
ter dynamic range, and lower hiss.

Experiment with your next batch of tape. Let
the needle crest close to +3 dB —the far right of
the red danger zone. Keep medium-loud passages
at or near 0 dB, and make sure that the needle
ahvays exhibits some wiggling on the softest pas-
sages. “Riding the gain” like this may tend to
smooth out some of the more dramatic dynamic
swings in your recordings, but you’ll also succeed
in getting a lot more super sound out of the tape on
playback.

The sure way to tell if this “overdriving” of the
tape is working is to play it back and listen critical-
ly. Of course, if you’re working with a three-head,
open-reel deck or preamplifier with monitoring fa-
cilities, you can listen to the tape on headphones
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while you’re recording it and learn instantly if
you’re distorting or not. In fact, it’s often a good
idea to spot-check the tape if you have monitoring
facilities, and you can run the monitor through
your rig’s speakers just by flipping a switch or
pressing a button on the tape deck.

But only certain types of machines let you moni-
tor in this way. Monitoring, which is listening to
the new recording on the tape an instant after it’s
made, is accomplished through a separate playback
head assembly that can be switched on separately
with its own preamplifiers. Pro’s do it, why not you
too?

LIVE RECORDING

When you buy a good tape deck —open reel or
cassette —you rarely get microphones with it. If
you think that manufacturers are doing you and
themselves a disservice, you're mistaken. A decent
pair of matched mikes that perform well with your
new $300 deck could add as much as another $100
or so to the price. Additionally, there’s a wider
range of personal choice among microphones than
with tape machines.

There are less expensive mikes, of course, but if
you drop much below $45-$50 each, you’ll face
very definite recording limitations: like frequency
response vs polar patterns. For example, a $50
omnidirectional mike (which picks up equally well
from all directions) may have a reasonably flat fre-
quency response from 50 to about 15,000 Hz. A
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cardioid (or directional) microphone at the same
price and from the same manufacturer will start to
cut off somewhere between 10,000 and 12,000 Hz.
In this case, you've given up some frequency re-
sponse for directionality. So there’s a trade-off in-
volved. If you decide to use two mikes on a singer
who’s plunking away on an acoustic guitar, watch
what you use! The guitar needs a “bright” mike
with good frequency response. Good choice here:
a ribbon microphone on the guitar (for its bright-
ness and directionality) close in, and a dynamic
placed very close in on the performer’s mouth. But
this dynamic must be the type with built-in triple
windscreen and pop filter; otherwise, with close
miking, every plosive syllable will come out loud,
explosive, and very sibilant.

Each live recording situation presents particular
problems. For example, if you’re high on piano
music, you might experience difficulties in getting a
warm, natural sound. It’s very difficult to get this
type of piano sound in a typical living rcom be-
cause room acoustics and size are generally unsat-
isfactory. If you’re in a large room, hall, or audito-
rium, you're home free. In your living room, try
tying back or removing all draperies. Move as
much upholstered furniture as you can out of the
room and roll the rug back. Here, you have to
convert your living room from an acoustically dead
one to a live environment with lots of echo.

The ideal microphone type for the piano is the
bidirectional ribbon. Placed about 10 feet from the
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instrument, the main body of the sound will be
picked up by the front of the mike, while reverber-
ation will come in on the rear lobe. If you can set
up a second ribbon microphone about 15 to 18 feet
away in the same fashion, and either mix or record
on the other stereo channel, you’ll end up with a
truly rich and lush piano sound.

If you don’t have any ribbon mikes, but have
several dynamics, start with a minimum of two
set about 12 to 18 feet from the piano. If your
room is ‘‘dead,” use omnidirectionals—not car-
dioids —so they can pick up room reverberation.

Vocalists are always better off hand-holding a
dynamic microphone since they usually can’t hold
still enough to maintain optimum recording dis-
tance from a microphone on a stand. Besides, it
gives them something useful to do with their
hands.

TAPING OFF-THE-AIR

For really professional sound, let someone else
do it. Use the professional microphones, perform-
ers, techniques, recorders, echo chambers, and
other niceties of the pro by simply recording off
the air. FM radio offers a golden opportunity to
obtain an excellent taped music collection at very
low cost. But there are problems with this which
may have little to do with your tape equipment, as
follows:

Inexpensive FM tuners sometimes let the 19-
kHz subcarrier sneak through unfiltered; this mix-
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es with the bias oscillator signal in the tape re-
corder with very unpleasant results. Sharp selec-
tivity, satisfactory sensitivity, and good image
rejection are all important if you want studio-crisp
recordings off the air. A good outdoor FM antenna

is always highly desirable. You'll know if your re-’

ceiver is up to the job the first time you seriously
tape a music broadcast.

Another consideration is the quality of the
broadcast material itself. Some FM stations broad-
cast distorted signals, do not bother to clean a rec-
ord before playing, use worn styli, poor turntables,
hummy preamplifiers, etc. Sometimes atmospheric
conditions affect broadcast quality —although not
much if you’re running a receiver with a 1.8 uV
IHF sensitivity, with a good antenna, and you’re
40 or 50 straight-line miles from the transmitter.

Any recorder—open reel or cassette —can rec-
ord off-the-air or directly from your record player
by plugging into the “Tape Output” or “Tape
Record” jack on the back of your stereo receiver.
Signal level at these jacks is on the order of 0.5 to
2 volts. Usually high impedance, it will match most
tape line inputs. Impedance at this output (and at
tape recorder line inputs) is on the order of 10,000
to 15.000 ohms. Microphone input impedance on
transistor tape decks is usually around 200 to 500
ohms.

The ideal off-the-air recording situation is when
a sound-conscious FM station airs a live concert
or its own master tapes of a live performance. This
is where you get some great dynamics, true hall
acoustics, and very low hiss level.

Hiss is something that’s an underlying part of all
tape recording, although 1t can be eliminated inso-
far as your hearing is concerned. Every time you
make a tape recording, you inject a hiss level of
about 3 dB (a barely noticeable jump). When you
dub from tape to tape, each transfer adds another 3
dB of hiss. And this is where Dolby noise reduction
comes in. Originally intended for professional use,
one of the four Dolby frequency bands (the highest
one) is used in the Dolby “B” system popularized
for home equipment use. The Dolby must be used
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at the first tape interface (between the music
source and the tape). After that, every tape-to-tape
dub is automatically “Dolbyized,” and there is an
overall reduction of noise (hiss) level of 8 to 15 dB.

Many cassette decks come equipped with Dolby
noise-reduction circuitry today. It generally adds
about $50 to $75 to the price tag. It's worth it,
especially when you hear the high-quality sound
that cassettes can provide in combination with it.
Outboard Dolby noise-reduction units are avail-
able, too, in the event your recorder doesn’t incor-
porate the system.

Dolby circuitry reduces hiss, but it can be re-
duced even further. Using high recording levels,
riding the gain, and watching VU meter needles
peg near +3 dB (with high-energy tape), can also
reduce hiss by improving the tape’s signal-to-noise
ratio.

TAPING FROM RECORDS

One potential headache is in recording from rec-
ords. You may have some priceless antique shel-
lacs or some brand-new borrowed discs that you
want to get on tape. Either way, you need good,
reliable playback equipment for those records, and
the discs should be absolutely clean. Give them a
wipe off with a reliable aid, such as “Discwasher,”
and, while playing, use a “Dust Bug™ or similar
record-care equipment to clean out the record
grooves a few seconds before the needle gets
there.

The turntable itself should be the best you can
afford; after all, turntable noise will be recorded for
posterity. Obtaining sufficient signal level is a
problem at times if a combination of a very-low-
output magnetic phono cartridge and an insensitive
“Tape Output” circuit from a receiver or amplifier
occurs.

TAPING QUADRAPHONIC SOUND

If your want to tape your own four-channel pro-
grams, and have a quadraphonic (discrete) open-
reel deck, get yourself four closely matched micro-
phones and set up shop in your favorite church or
auditorium (or living room). One word of caution:
if you have had no significant experience in two-
channel live recording, save your four-channel
efforts for a little while. Positioning the mikes is as
chancy and different as are the needs and tastes of
the person operating the recorder.

Recording matrixed four-channel sound is no
trick at all. Whether your source of encoded mate-
nal is a record or an encoded broadcast, just re-
cord it as ordinary two-channel stereo. You can
then play it back as regular stereo or through a
decoder to recover the rear-channel information.
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Encoded matrix material, whether it is SQ or
QS, is basically two-channel information that has
had something added to it —the rear-channel differ-
ence signals. When played back as regular stereo,
the result is the same as when an encoded record is
played as stereo: a slightly enhanced program that
is spread out a little beyond the speakers. Whether
or not you actually ever play the taped material as
four-channel makes no difference. The information
will be there on the tape ready for you to use
whenever you want to.

ADDING TRACKS

One aspect of open-reel recording is the ability
to add another track of music (or speech) after one
of the two stereo tracks has already been used.
There are two ways of doing this —called **sound-
with-sound” and “sound-on-sound.” Both require
some special switching in the recorder and not all
open-reel recorders have this feature.

For sound-with-sound (SWS), one of the two
stereo tracks is recorded monophonically (for
example, a musical accompaniment for a vocal).
Then by pressing the SWS button, one half of the
record head becomes a playback head—playing
back the music while you record your vocal or
other material on the second stereo channel. When

TEN EVERYDAY
TAPE TIPS

1. Clean tape paths and heads regularly (say, every 20
operating hours).

2. Demagnetize tape heads at same time as abaove.

3. Reduce dropouts by “playing” both sides of a blank
tape before recording.

4. Don't start recording until the tape has run a few
seconds to clear leader tape.

5. When through playing or recording a cassette, rewind
tape so that clear leader tape is exposed.

6. Remove cassette tape slack before inserting into
deck (the eraser end of a pencil makes a fine tool for
this purpose).

7. Wind tapes stored for a long time before playing to
avoid layers of tape sticking.

8. Don’t store tapes in warm or damp areas or near loud-
speakers or any other object with magnetic fields.

9. Two small tabs at the rear of a cassette can be re-
moved to make it impossible to record. If you change
your mind later, simply cover holes with masking
tape.

10. Mark tapes clearly if Dolby system was used during
recording.
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you play the completed recording back, the accom-
paniment is on channel I, your vocal on channel 2.
In recorders with separate record and playback
heads, the switching is a little hairier, since the
regular playback head cannot be used for monitor-
ing. It’s an inch or so away from the record head
and the two tracks would be out of synch-
ronization.

For sound-on-sound (SOS), the operation is bas-
ically the same, except that the material originally
recorded on channel 1 is mixed with the new mate-
rial and it all goes on channel 2. In both SWS and
SOS, the record head must be switched so channel
| is used for playback while channel 2 is recording.
This method of synchronization is sometimes re-
ferred to as “Sel-Sync.”

BATTERY-OPERATED TAPE MACHINES

One of the sad inequities of home recording is
that after you buy some expensive microphones,
you may find that the most live recording you do is
with your $39.95 mono cassette portable with its
own microphone —as you chase after the kids and
adult parties and other recording situations. Cer-
tainly the battery portable is a useful tape recorder
for such situations. And with ALC (Automatic
Level Control) built-in, candid recording situations
become the rule instead of the exception.

If you use the battery portable, remember a
couple of cardinal rules: make sure the batteries
are in good condition at the beginning and the end
of your recording outing. Batteries that start to
weaken during your session will slow down the
motor during recording. The result is that playback
at proper speed will be gradually faster and faster,
until near the end your voices all sound like Mick-
ey Mouse.

Alkaline batteries, while offering longer life,
develop a leakage peculiar to this type. A light
chalky film starts to cover the negative (flat bottom
of the cell) terminals, making electrical contact
chancy. If you use alkaline batteries, be sure to
examine them frequently. Scrape off that white
powder with a bit of emery cloth. (A small square
of emery cloth will store nicely right in the re-
corder’s battery compartment.) Eveready’s new
“Super 99" cell offers an interesting alternative.
Priced only slightly higher than standard carbon-
zinc cells, this one is also carbon-zinc, but turned
inside-out for greater power output.

One last point —don’t cut corners on tape. Exper-
iment with different brands and types to deter-
mine which serves your needs best before devoting
a substantial amount of time on a recording ses-
sion. g
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Guidelines for what you can and cannot recor with legal impunity
By MARSHALL LINCOLN

HE tape recorder has given the world a

handy, accurate recording service for both

business and pleasure. lts versatility and
usefulness, however, have given rise to a number
of legal and ethical questions which ultimately in-
fluence how, where, and when it can be used.

Questions facing tape recorder owners include
such gems as: May we use our recordings for any-
thing we wish without limitations? To what other
electronic equipment may we connect Our re-
corders without causing the law to look our way?
Are there any special limitations placed on private
citizens on the manner in which we use our re-
corders (limitations which do not apply to certain
privileged groups)?

For those of us who own them, tape recorders
have become part of our everyday lives; so, it is
easy to overlook the fact that their use can create
legal pitfalls. Some of these pitfalls may seem
trivial at times, but it is good policy for each of us
to be aware of circumstances which can bring the
unwary under the scrutiny of the law.

Recording Phone Conversations. Let us con-
sider the case of a tape recorder being used as an
*‘automatic notebook” for taking accurate notes of
lectures, interviews, business calls, etc. When you
are talking face to face with someone and openly
using a tape recorder, there can be little doubt that
the conversation is being taped. But in the absence
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of face-to-face confrontation, as in the case of a
telephone conversation, are you free to record? As
many tape recorder owners have learned, they are
not free to arbitrarily record telephone conversa-
tions.

A private citizen may record his own telephone
calls only if his phone is connected to his recorder
via a “‘coupling arrangement” containing a beeper.
(The beeper generates an audio tone every 15 sec-
onds or so to alert anyone on the line to the fact
that the conversation is being taped.) Direct
connection requires paying your telephone compa-
ny for installation and use of the coupling device.

A much simpler and superior way to record
phone conversations is with an inductive coupler
or telephone pickup coil, a low-cost item which
can be purchased from any number of dealers.
Inductive pickups have the advantage that they do
not create interference on the telephone line since
no physical connection is made to the phone wires.
But when telephone recording methods were being
considered by the FCC, Bell Telephone was cate-
gorically opposed to inductive pickups.

The FCC pointed out that inductive couplers
would eliminate any need for recorder salesmen to
make special arrangements with the phone compa-
ny whenever they wished to demonstrate their
equipment. The telephone company took the posi-
tion that its opposition to the inductive pickup
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was based on the fact that it wanted to ensure the
privacy of its customers’ calls. It insisted that
some sort of signal must be put on the line to warn
everyone that the call was being taped. The FCC
finally yielded to the phone company’s arguments.

Broadcasters were once required to use beepers
because they were not permitted to connect their
telephones to their transmitters. When FCC rules
were amended to permit broadcasters to connect
regular phone calls into their transmitters (a fringe
benefit of the Carterfone case of a few years ago),
it meant that stations might not actually record
calls before broadcasting them. So, they did not
use a beeper because the rule specifically applied
to recordings made from telephone lines.

The FCC rule on this matter states that broad-
casters may either record for broadcast or to di-
rectly broadcast telephone conversations with the
only warning being a simple announcement at the
beginning that the conversation may be taped or
broadcast. In some cases, such as when the caller
dials an “open-mike” number, the broadcasters are
not even required to make the announcement. The
FCC reasons that it may be assumed the public
will know their voices may be recorded or broad-
cast because they dialed the number.

This convenience has been a great boon to
broadcasters since they can dispense with the beep
tone which they may consider annoying on the air.
However, the FCC has not allowed individual citi-
zens the same convenience of simply stating at the
start of a call that it will be taped for their own use.

Recording from a Receiver. You can record
anything you wish from a radio or TV receiver
tuned to any frequency in the spectrum without
first having to obtain permission from anyone.
However, the nature of the transmission taped
determines how you may use your recordings. Any
radio or TV public information or entertainment
broadcast is public domain and can be recorded
and played back for a non-commercial purpose.
But if you record from a commercial channel
(police, fire, aircraft, mobile telephone, etc.), you
are forbidden under the FCC’s “Secrecy of Com-
munications’ regulation from playing the recording
for anyone else. Furthermore, you are enjoined
from even repeating the contents of any transmis-
sion heard.

Recording from Records or Tapes. You are
probably violating the rights of performers or
others if you tape discs or prerecorded tapes. One
section of the Copyright act states, “Where any
person knowingly distributes infringing copies of
any work . . . . to affect prejudically the owner of
the copyright, he is guilty of an offense under this
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Act.” This might conceivably be construed to
mean a person taping a record who then loans the
recorded tape to another party for dubbing purpos-
es. Another part of the act refers to “profit.” Does
this mean money saved? Needless to say, persons
who tape record material on a hobby level for per-
sonal use can and are doing so with reasonable
safety, for how could an enforcement agency ever
cope with the problem? Although some of your
tapes might be considered to be technical viola-
tions of the law, chances of penalty are extremely
small. It all rests with your conscience.

Recording Live Performances. At live perfor-
mances — especially concerts given by well-known
performers —you can run into a whole series of
prohibitions designed to prevent you from using
your recorder. For one thing, instrumental and
vocal performers nowadays are plagued by bootleg
record companies which secretly tape perfor-
mances and sell record copies to an unsuspecting
public. The performers, needless to say, receive no
compensation whatsoever from the bootleggers.
(Some shady operators get in as members of the
audience with a small, battery powered recorder
hidden on their persons. They use the recorders to
make their ““master tapes.” The quality of the re-
cordings possible from these small tape recorders
may not be first class, but it is passable for hard
rock and other loud music. Too, if the buyer has
never heard a live performance by a given soloist
or group, he has no real way of determining wheth-
er or not the selection was pirated.)

The hard-nosed attitudes of performers’ agents
and theater managers toward anyone they see
carrying a tape recorder into a live performance is
understandable. They are protecting their interests
and the interests of the performers. Additionally,
managers face stern union rules which forbid
any recordings to be made unless a whole gang of
union electricians is on hand (always assuming, of
course, that you have received permission to make
recordings). These rules are in union contracts; so
there is nothing a theater manager can do about the
situation.

When you plan to take a recorder to a live per-
formance, remember that you are treading on dan-
gerous ground. If you are caught with a recorder at
a performance, chances are good that you will be
hustled out the nearest exit. It would be better
(and safer) to check with the theater manager be-
fore walking in with a tape recorder. If you are
convincing in the telling of why you want the re-
cording, there is always the remote possibility that
permission will be granted—but don’t count on
it. ]
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How Recording Tape Is Made

Materials composition, handling, and manufacturing
methods are all critical elements in
“pbuilding” tape performance

By JOSEPH KEMPLER

Couating, orieniation, and drving processes complete the tape is wound onto large-diameter
cores at the ouput of the coating machine. Slitting will later cut the tape 1o the right width.
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HE WORLD today is fairly bursting at the

seams with recording tape. Many of our

normal business, social, and entertainment

activities would grind to a hait without it. At least

three different tape formats are currently in use for

entertainment purposes alone, and each of these has

its own particular areas of special competence. Lit-

tle wonder, then, that all this activity has resulted n

a proliferation of special-purpose tape types manu-
factured to do a particular job particularly well.

The types of audio tapes available to the home
user go by such names as general purpose, low
noise, low print, high-output/low-noise, and so on.
Within each of these categories there is also likely
to be a variety of thicknesses, lengths, and base
materials available. Recently, moreover, some
tapes have appeared that employ special coatings
on their non-oxide surfaces that are designed to
improve mechanical handling or storage character-
istics. And, finally, there are the various types of
tape used in cassettes, eight-track cartridges, and in
open-reel machines, some of them specially treated
to perform optimally in their special formats.

Despite the profusion of products, all tape types
do resemble each other superficially, if one ignores
occasional differences in color, surface shininess, or
the use of a back coating. But these are physi-
cal qualities. not electromagnetic ones, and similar
appearance does not necessarily mean similar per-
formance. An examination of some of these com-
mon factors, however, as well as some of the differ-
ences, is helpful in understanding what makes one
tape superior to another for a given recording task.

All magnetic tapes consist of a coating, or emul-
sion,-permanently bonded to a plastic film, or base.
The coating contains the magnetic matenal, the
“active” ingredient that makes recording and re-
production possible. The base film, which deter-
mines the: mechanical properties of the tape, acts as
the physical support for the coating. Open-reel
tapes are always wound with the coated side facing
the hub. In cassettes and eight-track cartridges, the
reverse is true — the coating faces out because of the
tape-path arrangements in these formats.

In most cases, it is easy to distinguish the shiny
base side from the relatively dull coated side. How-
ever, many modern tapes (particularly cassette
tapes) have a polished coating that is nearly as shiny
as the base. And recent developments, such as the
use of dull black conductive back coatings applied
to the base of the tape, have further confused the
issue. This back coating helps in several ways: it
eliminates static electricity, it affords the capstan
and pinch roller a better grip, and it allows the tape
to hold its “pack” better on its hub or reel. But un-
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less care is exercised, the question of “dull” or
“shiny’’ can sometimes lead to confusion; the shini-
er side may well be the side to record on.

The color of the magnetic coating has been un-
dergoing some changes as well. The usual oxide-
coating color is brown, because this is the normal
color of the iron oxide used in the majority of tapes.
Chromium dioxide, however, is a black powder—
but that is not to say that «/l black tapes are made
with chromium dioxide. Many iron-oxide tapes are
black, too, or at least dark grey, because of black
carbon particles added to reduce electrostatic-
charge buildup on the tape (such charges can cause
noise, and sometimes even jamming in cassettes).
Widespread opinion to the contrary, the color of the
coating has no necessary bearing on the tape’s per-
formance in the electromagnetic area.

THE BASE MATERIAL

The film that serves as the base for the mag-
netic coating is in most cases either cellulose ace-
tate (often called just “‘acetate™) or polyester (the
best-known brand being Du Pont’s Mylar). The
buyer can tell them apart by simple inspection:
acetate is translucent and polyester is opaque when
a reel is looked at edgewise against a bright light.

A good base material must be strong enough for
its intended use; it must also be flexible, smooth,
and dimensionally stable. Both acetate and polyes-
ter have proved themselves capable of meeting
these specifications, but polyester is the better of
the two, especially if it is to be used or stored under
extreme or varying conditions of temperature or
humidity. It is significantly stronger than acetate
and chemically more stable (acetate, because of the
slow loss of its plasticizer, becomes subject to
brittleness and cracking with age). Further, tapes
expand or contract on their reels under the effects
of changing temperature and humidity, and these
dimensional changes generate stresses within the
tape pack that can cause a number of physical prob-
lems. among them radial deformation (*‘spoking™),
curled edges, or *“‘cupping.” Tapes wound uneven-
ly or at too high a tension are particularly vulnera-
ble to such deformations, and although polyester
and acetate can both be affected, the changes in
polyester are much less severe.

Acetate-base tape does have two important ad-
vantages, however, and they have made it popular
even in professional recording studios: it costs less
than polyester, and it breaks cleanly when acciden-
tally snapped, with little or no stretch at the point of
the break. Polyester, on the other hand, stretches as
much as 100 per cent or more before breaking, of-
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USUAL APPLICATIONS OF
TAPE-BASE MATERIALS

Material and thickness Major applications

1.5-mil acetate
[.5-mil polyester
1.0-mil polyester

Reel-to-reel, standard play

Reel-to-reel, standard play

Reel-to-reel, long play; and
cartridge tape

Reel-to-reel, double play

Reel-to-reel, double and triple
play; also cassettes up to 60
minutes

90-minute cassettes

120-minute cassettes

0.5-mil polyester
0.5-mil T-polyester

0.3-mil T-polyester
0.25-mil T-polyester

ten making it impossible to repair a recorded tape
without losing critical material. To combat this
shortcoming, polyester-base tape is made available
n “tensilized” form, or T-polyester. Tensilizing is
a prestretching process that increases both the
break strength and the stretch resistance by a factor
of nearly two. Long-playing cassettes with very thin
tapes were made possible only through the use of T-
polyester.

THE MAGNETIC COATING

The tape’s magnetic coating consists of several
ingredients that are carefully —uniformly —mixed
and dispersed for maximum homogeneity in the
finished product. A good coating must meet all the
many physical and electromagnetic requirements
for its intended use. Since some of these require-
ments may be conflicting, best results often depend
on a number of carefully chosen design compromis-
es. For instance, the coating must be physically
tough and durable to resist wear —but at the same
time it must not be abrasive to the tape heads. It
must also be dense and scratch-resistant, but not
brittle or stiff, for these characteristics would even-
tually lead to edge damage and momentary signal
loss (dropouts).

The basic ingredients of a typical magnetic tape
coating are the magnetic material, the binder, and
various additives (plasticizers, lubricants, ¢tc.). The
key ingredient is, of course, the material that makes
the tape magnetic. In most tapes, this ingredient is
iron oxide, but other materials such as chromium
dioxide and “cobalt-doped” iron oxides have been
introduced for use in cassette tapes. Since these
materials, in the view of some manufacturers, have
certain shortcomings in addition to having magnetic
properties that can benefit performance, they are
now being challenged by the newest iron-oxide
formulations. These latest tapes, whose improved
qualities derive from better oxides and novel pro-
cessing, have the additional advantage that they do
not require special bias or equalization settings.
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The typical oxide particle used for magnetic re-
cording, whether of iron or some other substance, is
a tiny needle-shaped crystal approximately six
times as long as it is wide. The particles come in
various sizes, but the length-to-diameter ratio re-
mains substantially the same. So-called “standard”
tapes use a relatively “large” particle about 25 mil-
lionths of an inch long by 4 millionths of an inch
thick. The oxide particles used for low-noise tapes
are several times smaller, the size reduction being
responsible for the lower tape hiss. High-output/
low-noise tapes may use still other iron oxides that,
in addition to being smaller, are smoother, more
uniform, and therefore capable of being more
densely packed in the coating. The needle shape of
these oxide particles makes them magnetically an-
isotropic, which is to say that they have different
magnetic properties in different directions. Aniso-
tropic oxide particles are much easier to magnetize
and harder to demagnetize (important features of a
good tape) in the long direction than in the short.

To take advantage of anisotropy, the oxide parti-
cles are physically rotated when the tape coating is
still wet so that their long dimensions line up with
the length of the tape. As a result, the tape has bet-
ter magnetic properties in the direction that the re-
cord and play heads are effective—i.c., along the
tape length. Once the tape coating is dry, of course,
the particles are fixed in place by the binder and
cannot move around. They can, however, be mag-
netized in either of two directions or polarities, in
accordance with the polarity of the external mag-

At the input end of the coating machine. a *‘web'* of base mate-
rial (clear acetate film in this case) is fed from the jumbo rolls
and then carried at high speed 1o the “slurrv” applving section.




o 2 ‘19 ~ JENE

Above is but a small part of one of the giant coating machines:
in this section the film is fed into the machine, coated, and ex-
posed to a magnetic field 1o orient the iron-oxide particles.

Hysteresis loop displaved on scope simultaneously shows
magnetic force needed to magnelize a4 given tupe das well as
amount of magnetism it will retain once it is magnetized.

netic field applied by the recording head. The word
“permanent.” as used in connection with these tiny
magnets, implies a resistance to change. Indeed, the
particles do resist a change in their magnetic state: a
minimum magnetic force (coercive force) is re-
quired to overcome this resistance. The amount
of coercive force, expressed in oersteds, is there-
fore one of the important specifications for a mag-
netic oxide —and for a type of tape. too, for that
matter. Specifically, it is the minimum magnetic
force which must be applied to the tape by the re-
cording head before a recording is made. The same
coercive force is required to erase a recording al-
ready made, since this also involves a change in the
magnetic state of the tiny particles. A high-coer-
cive-force tape such as chromium dioxide requires
more magnetic energy to record and erase than a
tape with a lower coercive force.

A second significant property of any permanent
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magnet is its ability to “store” magnetism. The
quantity of magnetism which a tape can “take” and
retain is called its magnetic induction, and the unit
of measure is the gauss. Itis obvious that the higher
the induction the better. since the induction deter-
mines the amount of output signal a tape can pro-
duce in the playback head.

BINDER AND OTHER ADDITIVES

Next comes the binder, the coating substance
that fixes the oxide to the plastic base. Ideally, the
binder also maintains an optimum separation be-
tween the individual oxide particies by providing a
spacing coating surrounding each particle. Particles
which are not properly separated will partially can-
cel each other’s magnetic energy and thus reduce
the tape’s potential output.

The basic binder materials are various composi-
tions of plastic resins. All the important physical
properties of the coating —resistance to wear, fric-
tion. loss of oxide. and many others—are deter-
mined by the binder. Of the total coating volume,
the oxide particles occupy only about 30 to 40 per
cent. If. in an effort to achieve a greater signal out-
put. more oxide is put in, a weaker cohesion of the
coating could result. It is quite a technical feat to
“build” a high-output/low-noise tape with superior
recording performance without sacrificing some of
the tape’s desirable physical properties.

Depending on the use for which the tape is in-
tended, the basic binder materials may be supple-
mented by additives which change or improve cer-
tain properties that affect physical performance.
For example, some binders are rather stiff, especial-
ly when the coating is thick, and plasticizers added
to the binder will give the coatings a necessary flexi-
bility. Different lubricants (there are many effective
ones beyond the much-publicized silicone) may also
be added to reduce friction between the tape. the
heads. and the tape guides, and even between layers
of tape in eight-track cartridges. And, of course, not
every tape needs a lubricant; some use a low-fric-
tion binder that obviates the use of an additional
ingredient.

Since tapes are composed principally of plastic,
they are electrical non-conductors and therefore
susceptible to the buildup of electrostatic charges.
These charges attract dropout-producing dust; they
may also produce popping noises during use, and
even cause jamming in cassettes. To prevent this,
electrically conductive agents such as carbon pow-
der may be added to the binder to prevent the build-
up of electrostatic charges. A superior method of
increasing a tape’s conductivity is to use the carbon
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in a backcoating rather than in the binder. This not
only eliminates static much more efficiently, but
also improves the mechanical performance of the
tape. Furthermore, the removal of the carbon from
the coating leaves more room for oxide, thus raising
the output level.

There are many other binder additives such as
wetting agents, stabilizers, fungicides, ¢fc., and each
performs a specific function. A well-designed tape,
however, will have as few additives as possible, for
each additional ingredient must be integrated into
the coating without displaying any short- or long-
term tendency to migrate or undergo other undesir-
able changes.

MANUFACTURING PROCESS

Combining all the elements that make up a qual-
ity finished tape requires strict control of materials
and procedures throughout the manufacturing pro-
cesses. Each step must be right the first time or
the tape will be defective. There is no opportuni-
ty for later adjustment or correction. Quality con-
trol begins with the first inspection of the incoming
raw materials. Since all materials have so/me minor
variations in either physical or chemical properties,
the inspection must determine which materials fall
within the established tolerances. The oxide materi-
al, for instance. is tested for its magnetic properties
using such sophisticated equipment as vibrating
sample magnetometers and hysteresis-loop tracers.
Electron microscopes are employed to examine the
particles visually under a magnification of many
thousands of diameters. Properties such as particle
size, size distribution, and imperfections can then
be readily observed.

All manufacturing-process chemicals and sol-
vents undergo chemical analysis with such equip-
ment as gas chromatographs, infrared spectrome-
ters, and other instruments which analyze their
composition in minute detail, detecting the smallest
trace of impurity. Even base film is examined for
thickness uniformity, cleanliness, physical stresses,
ctc. Base materials also require special ambient
conditioning before use to assure that they are “re-
laxed,” wrinkle-free. and without contaminants.

Much effort and expense is devoted to all these
preliminaries, since no chances can be taken by a
supplier of first-class tape. Critical users rightly
expect that not only will the product be good. but

that it will be consistently good, reel after reel, over

the years.

The first manufacturing step is the milling— the
mixing/interdispersing of all the coating ingredients.
The most familiar type of machine used in this step
is the ball mill, a large rotating drum partly filled
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with small steel balls. (Perhaps needless to say. in
this as in other areas of tape manufacture, different
companies have developed their own techniques
and hardware.) The various ingredients are loaded
into the mill and a solvent for the plastic binder
material is added. The entire composition is then
thoroughly mixed by the mill until it is homoge-
neously uniform and smooth. The ultimate purpose
of the process is to have each oxide particle wetted,
coated with binder, and isolated from its neighbors.
When the milling is finished, the result is a thickish
liquid, of paint-like consistency, called slurrv.
Milling is an extremely critical operation because
either too little or too much is harmful to the quality
of the finished slurry. Insufficient milling may result
in undispersed groups of oxide particles which
cause hiss, noise bursts, lower output, poor ampli-
tude uniformity, and coating weak spots which will
eventually turn into dropouts. On the other hand,
overmilling breaks the particles down to too small a
size, causing loss of high frequencies. increase in
print-through. and other problems. Milling time can
range from several minutes duration all the way up
to two weeks. Magnetic and physical tests are per-
formed on the liquid slurry to determine the precise
end point of the milling process for a desired result.
After filtering and several other conditioning
steps, the slurry is fed to the coater, a giant machine
that resembles a rotary printing press. The mini-
mum number of separate processing stages built
into the coater machine are called the take off, the
coating zone, orientation, drying, and the take up —
the taking off and on referring, of course, to reeling
the raw base material off and then, when coated,
onto a spool, and orientation having to do with the

Storage in the “bank’ is an interlude in the high-speed manufac-
tring process. Many different tape types are here being aged
on their jumbo rolls before being slit and. finally, packaged.
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magnetic aspect of the coating. Some coaters per-
form more individual functions, but these five oper-
ations are essential to even the simplest machine.

A typical high-speed coating process begins with
a large roll of base film, 15,000 feet (or more) long
and several feet wide, which is loaded on the input
side of the machine. The film is threaded through
the entire complex of continuous operations in the
coater, the whole is started up, and in due time the
coated film issues from the take-up end, many
hundreds of feet away from the start. The process is
designed to be continuous to the degree that there is
even a method of supplying new rolls of base film
automatically as the previous rolls are used up.

The base film goes first through a base treatment
and conditioning section until the coating zone is
reached, at which point the slurry is applied in a
precise and uniform thickness. Many coating
methods are used. One of them resembles, in princi-
ple, the spreading of soft butter on bread with a
huge knife. Another could be likened to the opera-
tion of a precision paint roller, and a third imitates
the inking roller used in printing magazines such as
the one you are now reading. And there are perhaps
a dozen other methods capable of doing the job
right. The coating thickness on typical consumer
tapes ranges from 70 to 650 microinches; some
backcoatings are as thin as 20 microinches
(compare with the 4,000-microinch thickness of a
dollar bill). During the coating operation, thickness
uniformity is monitored and controlled continuous-
ly by measuring the coating’s absorption of either
X-rays or of a radioactive source. This control is
vital because variations in thickness will cause cor-
responding variations in low-frequency output; it
can also change optimum operating points for bias

The slitting operation reduces the wide rolls of coated film 1o
the form the consumer knows. This slitter is producing Ya-inch-
wide tape and winding it directly onto the 7-inch plastic reels.
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or recording level, disturb amplitude stability, and
generate other havoc. Thin coatings make particu-
larly strenuous demands on the coating equipment.
A cassette tape, for instance, with an average coat-
ing thickness of 200 microinches, may require a
thickness control of =5 microinches to maintain a
+2.5 per cent thickness tolerance.

A good coating requires more than thickness uni-
formity. 1t must also be extremely smooth, com-
pletely free of streaks, voids, or even microscopic
blemishes. Perfection of this kind is costly and diffi-
cult to achieve. It is not always necessary for home
recording. but it is of paramount importance in
computer tapes and in recording-studio mastering
tapes. The tape manufacturers who successfully
produce such tapes naturally have the capability of
achieving the desired degree of perfection for the
home user as well.

After coating, the oxide particies in the slurry are
oriented by passing the already coated base, still
wet, through a powerful electromagnetic field that
lines the particles up parallel to the long dimension
of the tape. Then the tape moves into the drying
tunnel, where heated air evaporates the solvent
from the coating at a carefully controlled rate.
Drying which is too fast can cause some solvents to
evaporate too rapidly, leaving the coating with pits
and pinholes that cause noise and dropouts. Con-
versely, an incompletely dried tape may stick to it-
self or gum up the recorder’s heads. Both of these
problems can occur if temperature, air volume, and
air velocity are not closely adjusted for the specific
tape being manufactured.

The coated tape coming out of the drying tun-
nel —it is still in the form of a sheet of film several
feet wide —is wound with carefully controlled ten-

Another slitting machine winds large 14-inch “pancakes’ of tape.
The dubbing machines used in the preparation of “prerecorded”
tapes are designed 1o accept their tape input in this odd formai.
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sion onto large-diameter cores to make up jumbo
rolls. The large cores reduce the number of layers in
the rolls and thus minimize stresses in the tape.
When good high-frequency response is an important
requirement, quality tape may undergo polishing of
its freshly coated surface. Intimate contact with the
heads is necessary if high-frequency losses are to be
avoided. For example, if a 10,000-Hz signal is re-
corded on a cassette tape running at 17z ips, at 6-dB
output loss will take place if there is only a 10-mi-
croinch gap between tape and head. Any roughness
of the tape coating will tend to cause such gaps,
since only the high points on the surface will come
into contact with the heads.

The polishing treatment is accomplished in sever-
al ways. Brushing, burnishing, and even rubbing
tape surfaces against each other have all been used
with reasonably good results. In one popular
method, the tape is passed between two or more
highly polished heated rollers that exert a very
high pressure on the tape. A mirror-like smoothness
is obtainable with this technique. (Obvious differ-
ences in the visual shininess of two coatings can
sometimes indicate the one with the better high-fre-
quency performance, but the method is not fool-
proof, since there are many other invisible factors
which can also influence high-frequency response.)

Slitting the wide rolls of tape to the widths in
which they will be used is the final manufacturing
step. Cassette tapes have a width of 0.149 inch; all
other audio tapes for home use are slit to the Ys-inch
width-—-more precisely, 0.248 inch. Slitting is done
by rotary cutters running at high speeds. In most
cases, the entire roll width is slit simultaneously.
But, despite the mass-production nature of the pro-
cess, slitting has to be a precision operation because
of the critical demands that will be made of the end
product. First, tape width must be very accurate —
the width tolerance on a cassette tape is =1 mil, for
instance. Tape which is too wide will stick in the
recorder guides and suffer edge damage through
folding or scraping; tape which is too narrow may
weave as it passes through the tape transport. Sec-
ond, finished tape must not exhibit skew or “snaki-
ness,” which occurs if the tape is not slit in a per-
fectly straight line. for it causes the tape to move
past the heads at a constantly changing angle with
respect to the head gap and creates a continuously
varying azimuth misadjustment with resultant vari-
ations in high-frequency output. And finally, the slit
edges must be cut cleanly. A poorly slit edge will
generate dirt and dropouts and affect the sound
quality on the track closest to the edge. On the
other hand, it should be noted that the edges can
never be as smooth as the coating, and a slight pol-
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ishing action consequently takes place as the tape
edges rub against the guides and reel flanges. The
material thus rubbed off the edges is frequently
deposited on rubber pinch rollers or even on the
heads. appearing as two thin lines of oxide just a
tape-width apart. This occurrence is not abnormal
providing it is not excessive, and is one of the rea-
sons periodic cleaning of your tape recorder is
necessary.

Such things as the application of back-coatings,
attaching of leaders and auto-reverse switching
foils, preparation of tape for loading into cartridges
and cassettes, and more are manufacturing steps
that may or may not be performed. depending on
the tape’s ultimate application. Most open-reel
tapes, at least, are completed at slitting, at which
time they are tested, wound on reels, demagnetized.
and packaged for shipment.

QUALITY CONTROL

Laboratory quality-control tests of the finished
products are carefully performed using various pro-
cedures. For example, the important quality of sur-
face smoothness could be evaluated by eye or by
running a frequency-response test. To secure qguan-
titative measures, however, a precision surface ana-
lyzer is used that produces a chart of the actual
physical profile of the tape — with a sensitivity of |
microinch!

The basic quality-control tests performed are:

1. Physical—dimensions, strength, smoothness,
life, head wear, temperature-humidity stability, erc.

2. Muagnetic —coercive force, induction, and
other purely magnetic properties.

3. Recording performance — bias characteristics,
frequency response at various speeds, distortion,
uniformity, noise, dropouts, print-through, and
others.

Quality control may even extend to checking boxed
tape after it has arrived for warehousing or on deal-
ers’ shelves. Tapes are examined critically from the
customer’s point of view: cartons of tape may be
shipped back and forth across the country by vari-
ous means, for example, to see how well the tape
and its packaging stand up under typical shipping
and storage conditions.

As might be gathered from the foregoing discus-
sion, it takes a great deal of effort, much experience,
and extensive manufacturing and testing facilities to
produce a tape that does all the things it should do,
reliably and consistently, reel after reel, year after
year. But it is all in a good cause: better and better
tape recordings! O
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HOW T0 PICK A MIGROPHONE

Transducer types and how they perform, microphone specifications
and buying tips that can improve live-recording quality
of better-grade tape machines.

By J. GORDON HOLT

IVEN a recorder of above-average quality,

the better the mikes, the better the sound.

You can’t justify skimping on mikes with
the excuse that you won’t hear any improvement if
you pay more than such-and-so dollars for them.
You will. But if money means anything to you,
you’re probably going to have to set your sights
lower than the pinnacle of perfection and exercise
a modicum of judgement in choosing your mikes.
The following is offered in the hopes of making the
job easier.

If this is to be your first microphone purchase,
you are probably in the market for a pair of mikes
for stereo recording. This means that you must
think in terms of twice the per-mike prices. This
doesn’t mean you must buy both at once, of
course. Special purpose mikes (for solo highlight-
ing, for instance) will be purchased singly, as need-
ed, and these need not be (in fact, should not be)
identical to your main pair.

TRANSDUCER TYPES

Although as a user you are more interested in a
mike’s performance than in how it converts sounds
into electrical signals, we can make some valid
generalizations about the performance capabilities
of each transducer type. Ceramic mikes are gener-
ally of poor quality and, since they are inherently
high-impedance devices, are not usable anyway
with the low-impedance mike inputs of solid-state
recorders.

Moving-coil (dynamic) types range from cheap
and dirty ($10) to expensive and excellent, with a
top price of around $200. More money than that
will buy you extra features like adjustable frequen-
cy response or extreme directionality (for spot-
lighting from a distance). but not extra audio qual-
ity.

Ribbon mikes range from modestly priced ($45)
and quite good to expensive ($200). A ribbon can
be made lighter than a coil and thus can have bet-
ter transient response, but its very lightness tends
to make some ribbon mikes fragile and susceptible
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to damage from wind (or close breathing). That
this can be overcome is proved by at least one
manufacturer who is making ribbon mikes of very
high quality which are as rugged as dynamics. So
fragility is not necessarily a ribbon shortcoming.

The class of condenser mikes includes some of
the best performers available (their diaphragms can
be even lighter than ribbons) and also some medio-
cre ones. As a group, all are characterized by out-
standing detail or “snap.” But, whereas the $400-
and-up professional types (whose elements must
be kept charged by a power supply) are generally
extraordinarily good, the $100 (and under) electret
types, with permanently charged capacitor, have
neither the smoothness nor frequency range of the
very best (and costlier) ribbon or dynamic micro-
phones.

WHAT ABOUT SPECIFICATIONS?

Impedance. Although not as critical as loud-
speaker/amplifier matching, a mike’s impedance
range should suit the load impedance provided by
the recorder’s mike inputs. Solid-state recorders
call for the use of low-impedance mikes, which
means anything between 150 and 600 ohms. If
possible, try to get a mike rated between 250 and
300 ohms impedance. (Tube-type recorders usu-
ally require a high-impedance mike, on the order of
10,000 ohms or more.)

Output. Most currently available mikes produce
roughly the same amount of audio signal voltage
for a given sound level, and most mike preamps
are designed to handle optimally the kind of volt-
ages a typical mike will deliver under typical con-
ditions. The latter are considered to range from a
speaking voice at a mike distance of 3 feet to a full
chorus and orchestra at 10 feet. If you don’t ex-
pect to use a mike closer than a few feet from a
loud sound source or more than, say, six feet from
a quiet sound (like normal speech), you need not
be concerned about a mike’s output. If you antici-
pate atypical conditions, be concerned.

The subject of output ratings is complex. Suffice
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Fig. |. Microphone directional characteristics: (left
to right) cardioid, bidirectional, omnidirectional.

it to say here that a typical mike will be rated at
around —56 dB relative to 1| mW/10 ubar, —75dB
relative to | V/ubar, or —150 dB EIA Gy. Any
mike rated 5 dB or more above or below those
figures may give you trouble, depending on the
direction of the difference and your proposed use.
Excessive mike output is easily remedied by add-
ing an attenuator (available from Shure, E-V, and
others) but inadequate output is not correctable
without replacing either the mike or the preamp.

Directivity. The sensitivity of some micro-
phones is affected by the direction from which
sounds reach them. Some are most sensitive to
frontal sounds and least so at the rear
(unidirectional and cardioid). Some are equally
sensitive at front and rear (bidirectional or figure-8),
and some are equally sensitive to sounds coming
from all directions (nondirectional or omnidirec-
tional). See Fig. 1. None of these directional char-
acteristics is inherently superior to the other, but
there are times when one will do a specific job bet-
ter than anything else. For example, conference
recording of a group of people around a table calls
for an omnidirectional characteristic —as does re-
cording a moving sound source from a fixed mike
position. Bidirectional mikes are excellent for spot-
lighting a soloist in the midst of other instruments.
But for most purposes, the most versatile mike you
can own is the so-called cardioid type.

Some directional mikes are more uniformly
directional than others. Some cardioids are cardioid
at middle frequencies only, becoming omnidirec-
tional at low frequencies and increasingly “beamy”
at high frequencies. This is why a directional mike
that is reasonably uniform over the audio range
often shows a family of polar patterns on its speci-
fication sheet. Directional uniformity is in fact one
of the things you pay for when you pay more for
one of two mikes that appear to be identical per-
formers in all other respects.

For advanced recordists with the money to pay
for them, there are mikes with variable polar pat-
terns and there are special-purpose long-reach
mikes for spotlighting a single sound from a con-
siderable distance. Both tend to be very costly and
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both have their places, but not usually as the first
mikes you buy for cutting your teeth on stereo (or
quadraphonic) taping.

Frequency Response. Basically, what your
microphone dollar is going to buy is what you look
for in a loudspeaker: frequency range and response
smoothness. When you say to yourself, “that
mike’s too expensive for me,” what you're actually.
saying is, “l have to give up some range or
smoothness.” Deciding just how much of what to
give up is the serious recordist’s most difficult deci-
sion.

The best condenser mikes have response curves
that look like a perfectionist’s flight of fancy. They
go from 20 to 20,000 Hz, almost as straight as a
ruler. Below that level of performance, though,
you'll find some mikes that are deficient, to varying
degrees, at the low end but fine at the top; some
that are peaky or down in response at the high end:
and some whose major imperfections are irregular-
ities in the middle range, causing honky or raucous
coloration.

You can glean an idea of how good a micro-
phone is in these respects from both its price and
the manufacturer’s claim for frequency range or
response; but, in order to judge in advance how a
mike is likely to sound, you must be able to get a
look at its published frequency-response curve. If
you can’t obtain a curve for a mike you’re con-
sidering, don’t buy it. When you do see a curve,
here’s how to tell how it will probably sound. See
Fig. 2.

First, mentally divide the audio spectrum be-
tween 50 and 10,000 Hz into two parts to the left
and right of 1000 Hz on the published curve. If
most of the curve through both segments is the
same height (that is, if there is no visible tilt to the
line), the mike will sound properly balanced with

Fig. 2. How 10 break down a response curve to get
interpretive analvsis. See article for explanation.
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regard to highs and lows. If most of the right-hand
segment rises progressively to around 10,000 Hz,
the sound will be bright, somewhat sibilant, and
rather forward. If it falls through that range, it will
be dull. If the lower (left-hand) segment tapers
downward the sound will be thin. If it rises down
to around 50 Hz, it will be heavy and have a ten-
dency to boom. A 3-dB response deviation should
be noticeable to anyone. A deviation of 5 dB is
conspicuously evident, while 10 dB represents an
apparent doubling or halving of level—a tremen-
dous change. Read the vertical dB scale on the
curve accordingly.

Next, split the audio spectrum into four equal-
width (not equal-frequency) segments and compare
their average heights. If the first (left-hand) seg-
ment is up, the sound will be bass-heavy; down
and it will be sparse and tight at the bottom. If the
second segment is up, the sound will be overly fat
and a bit wooly; down and it will sound somewhat
constricted. If the third segment is up, the sound
will be forward and brassy; down and it will sound
muted and lacking in life. If the fourth segment is
up, the sound will be sizzly, sibilant, and wiry:
down and it will be dull, soft, and lacking defini-
tion. The degrees to which these flaws are audible
will, as before, depend on the extent of the devia-
tions from flat, according to the dB scale.

Now, look for slight peaks or severe troughs in
the curve. Low-end deviations will add heaviness
or subtract certain notes from the sound. Lower-
middle to upper-middle deviations will cause vari-
ous kinds of colorations in the sound. Treble peaks
above about 5000 Hz cause roughness, metallic
edge, or excessive and spitty sibilance.

Finally, observe what the curve does above 8
kHz. If it rises, details will be enhanced but sibi-
lance and hard transients will be exaggerated. If it
falls above 8 kHz, the sound will be sweet, some-
what soft, and deficient in snap (transient informa-
tion). Incidentally, when comparing mike curves,
be sure you take into account the scale used for
the curve (Fig. 3).

YOUR CHOICE

Now it’s decision time. Unless you feel you can
justify a $1000 mike setup, you are going to have
to sacrifice some frequency range at the top or bot-
tom, or both, and also some smoothness in be-
tween. Should you pick a mike that lacks 10 Hz or
so of low-end range but has a smoother and more
extended top than the competition? Or should you
opt for the best low end you can afford and give up
some assets at the high end? That’s something only
you can decide. However, here are a few pointers.
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Fig. 3. Which mike has smoother response? Neither.
Thev're identical curves drawn to different scales for dB.

If your first love is organ music, you’ll want all
the low-end range you can get, but not low-end
rise. If you expect to be doing a lot of recording of
music in which strings play a major role, choose
the smoothest and most extended high end you can
afford, a mike that tapers off above 8 kHz rather
than rising above there (if you can’t find one that’s
flat to 15 kHz). For classical or quiet folk voice,
the low end is unimportant, and a mike that rises
slightly (3 dB or so) from 500 to S000 Hz is ideal.
For large choruses, low-end smoothness is secon-
dary to high-end smoothness, and the range above
8 kHz should taper off rather than rise. For close
voice or rock recording, extended low end is called
for, as is a gradual rise from around 1000 to 8000
Hz, with a fall above that. A general rule of thumb
is: for classical recording, you want the smoothest
and most uniform response across the whole audio
range; for pop-type recording, good low end but a
generally rising response above 1000 Hz.

Most home recordists, who aren’t overly critical
of sound but want something considerably better
than just good, usually find what they are looking
for in the range between $45 and $100 per mike.
Picky recordists with better-than-average hi-fi sys-
tems at home usually find something in the range
of $90 to $200 (per mike); while the real live-re-
cording afficionados who have access to performing
groups good enough to warrant top-notch record-
ings frequently jump in with both feet and invest in
professional condenser mikes. The best mikes in
the world won’t assure a good recording if your
technique is poor: but if your mikes don’t have
what it takes, it won’t matter much how good your
recording technique is, you won’t wind up with a
decent recording. ]
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LAB TESTS ON
PERFORMANCE

OPEN-REEL TAPES

LTHOUGH a number of comparative evalu-
ations of open-reel audio tapes have ap-
peared in the past, the number of such
tapes on the market has increased substantially —
as have, of course, the number of tape choices
open to the serious recordist. Most of these newer
entries can be classified as (for lack of a better
term) “high-performance” tapes. As a group, they
represent a significant advance in the state of the
tape-recording art.

Recorder manufacturers have kept pace with
tape developments by providing external controls
to set up the recording electronics for different tape
types. or by pre-adjusting their machines for the
improved tapes at the factory. As for older re-
corders, some of them will readily accommodate the
new tape formulations after readjustment by a ser-
vice specialist or an experienced amateur using the
necessary test equipment. If this is not possible, a
moderate treble cut introduced with the tone con-
trols on the amplifier or receiver may make the new
low-noise and low-noise/high-output tapes perfectly
usable on a machine adjusted for the earlier “‘stan-
dard” tapes—frequently with a noticeable improve-
ment in signal-to-noise ratio and high-frequency
response.

Because of their degree of compatibility with ex-
isting equipment and their appeal to the recordist
interested in the best performance obtainable, it
was decided to limit this series of tape tests to the
latest available high-performance offerings, using,
whenever possible, the popular 1-mil thickness. But
before turning to the specific tapes, we might review
some of the basic principles of tape recording in
order to appreciate what is involved in making the
best use of a “‘superior” tape.

The internal adjustments in your tape recorder,

44

BY CRAIG STARK

as well as the tapes you use with it, represent com-
promises between conflicting demands. Therefore,
to exploit the potential of any tape fully, your re-
corder should be adjusted for that tape’s specific
characteristics. These compromises involve three
factors: distortion, high-frequency response, and
signal-to-noise (hiss) ratio.

An ultrasonic signal (called **bias™) is fed to the
tape along with the signal to be recorded. The
proper amount of bias to use (it is user-adjustable
on some expensive machines) is usually determined
by recording a 400-Hz tone and measuring its play-
back level. Up to a point, raising the bias current
not only increases the playback level (thus helping
to achieve a good signal-to-noise ratio) but also de-
creases distortion — a double gain. But beyond a so-
called “peak bias’ point, an increase in bias causes
attenuation of the high-frequency response.

It is an unfortunate fact of recording life that the
amount of recording bias current that enables the
tape to have maximum output and minimum distor-
tion at low and middle frequencies also causes se-
vere treble losses. To some degree, these losses
(plus those resulting from slow-speed operation)
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Fig. |. Effects of recorder adjustment on tape performance.
Record-plavback frequency responses are shown for (u)3M 111
and (b) 203 tapes with the recorder udjusted for euch. Curve
(c) shows 203 with 111 settings; (d) is 111 with 203 settings.
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might be mitigated by reducing the bias current be-
low its optimum level, but this would simply raise
the distortion, so a better way has to be found.
“Recording equalization” provides a part of the
solution. The main purpose of equalization is to tai-
lor the frequency response of the input signal —the
“message,” so to speak —to match the needs of the
tape, or the “medium.”” However, a secondary pur-
pose is to adjust the treble response during the re-
cording process so as to compensate for the various
losses. The large amounts of treble boost (up to
about 20 dB at 20,000 Hz) used during recording
are possible only because the higher musical har-
monics are normally much weaker than the middle
and low frequencies. However, there are circum-
stances in which this isn’t so, and therefore the
amount of permissible treble boost is limited. For
example, it is possible to run into trouble when re-
cording, say, a women’s chorus, cymbals, or elec-
tronic music. In such cases the high frequencies are
not much lower in amplitude than the rest, so that
giving them a large boost in the record-equalization
stage can overload either the tape or the machine’s
electronics, thus producing distortion. The obvious
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Fig. 2. At identical recording levels, different tapes provide
different outputs. With the machine adjusted for 3M 203
tape, 111 tape has somewhat less overall output on playback,
while 206 tape plays back with significantly more output.
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cure is to turn down the record level so that the VU
meters don’t hit 0 VU even on the loudest passages.
Though this eliminates the distortion problem, the
result is a recording that plays back at a lower aver-
age level and therefore runs the risk of an unaccept-
able signal-to-noise ratio.

Understanding the ‘‘trade-off” relationship be-
tween distortion, extended high-frequency re-
sponse, and signal-to-noise ratio makes it clear what
a “better” tape means. “Better” is improved per-
formance in one area without loss of ground in the
other two areas. For example, a tape with better
high-frequency response (if used with increased
bias, slightly less recording treble equalization, and
slightly increased recording-signal level) can reduce
noise (hiss).

To illustrate this, the curves in Figure 1 show
four conditions: (a) the recorder has been adjusted
for optimum performance using 3M’s venerable
“standard reference tape,” Type 111; (b) the re-
corder has been readjusted for the requirements of
one of that company’s first (1962) “low-noise”
tapes, Type 203; (c) the same “low-noise” tape with
the machine set for *“‘standard”; and (d) Type 111
used with “low-noise™ recorder settings. From
these curves several conclusions can be drawn.

First, within the limits of experimental error, it is
clear that either type of tape can provide flat (2
dB) frequency response from 20 to 20,000 Hz if the
machine has the potential to reproduce all these
frequencies at the outset and is adjusted specifically
for the tape in question (curves ““a” and “b™). Since
the low-frequency response of both tapes was iden-
tical, only frequencies above 400 Hz are shown in
Figure 1.

Second, when both tapes are recorded with
“standard” settings, the “low-noise” tape produces
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slightly /ess overall output for a given recording in-
put signal. This can be offset, however, by the fact
that, foragiven distortion level, one can correspond-
ingly raise the recording level when using the “low-
noise” formulation —which is to say that if your
recorder is adjusted for a standard tape and you buy
the low-noise variety, you will be able to run the
VU meters a couple of decibels above 0 VU and
obtain comparable output and distortion levels.

Third, the rising high-end response of the low-
noise tape when used with the “standard” machine
adjustments (curve “‘c” again), unless compensated
for somehow, would cause the sound to be over-
bright. Other than having adjusted the machine for
low-noise tape in the first place, the best way to deal
with this rising high end is to turn down the treble
control on the amplifier. With that one simple step
the correct musical balance would not only be re-
stored, but the hiss level would be lowered also. All
this should help make it clear that, in the table of
comparative test results, all else being equal, the
tapes with the most elevated frequency response at
the high end of the spectrum are porentially the
quietest.

Finally, curve “d” in Figure | shows what hap-
pens to a “standard” tape when it is used on a re-
corder adjusted for a “low-noise” type. It is ob-
viously over-biased, with the results that the output
level is lower (compare curve “a”)and the high-fre-
quency response is severely impaired. Clearly,
then, if the owner’s manual for a recorder indicates
that it has been adjusted for a “low-noise’ tape, one
should nor use a “‘standard” formulation if the high-
est-fidelity recording is desired.

LOW-NOISE/HIGH-OUTPUT

Latest on the market today are the “low-noise/
high-output™ tapes. Starting with the same basic
bias, equalization, and record-level requirements
as conventional low-noise tapes, they provide,
as Figure 2 graphically shows, a significantly
higher output for the same level of input signal. If
you have a recorder that permits off-the-tape moni-
toring, you can verify this by setting your machine
so that a conventional low-noise tape produces the
same volume in “‘source’” and “‘monitor” positions.
Then put on one of the newer low-noise/high-output
tapes and compare again. The playback volume will
be significantly higher, which means, of course, that
for a given listening level it will be possible to turn
down the playback control, thus lowering the hiss
level as well.

There is another advantage in the premium low-
noise/high-output tapes. Many of today's home
recordists use the slower 3%s-ips tape speed —ob-
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viously in the interest of tape economy. Audiophiie
recorders almost universally specify a 2 to 3 dB bet-
ter signal-to-noise ratio at the 7Y»-ips speed than at
3%4. This is because the higher the speed, the great-
er the signal output from the tape. But if a recorder
is set up for a low-noise tape to begin with, Figure 2
shows that low-noise/high-output tapes, with their
higher output, will give about the same S/N ratio
at 3%4 ips as regular low-noise tapes do at 7Ya.

Two of the tapes included in the present tests
(3M 206 and Capitol 2) incorporated a new “‘back-
treatment” process that is, I think, an indication of
things to come. The back treatment involved in
these cases consists of applying a roughening sub-
stance to the non-oxide surface of the tape, thus
providing more grip for the drive mechanism and, in
addition, making for a smoother wind at high
speeds. I hope this addition becomes standard prac-
tice in the industry.

HOW TESTS WERE MADE

As for the tests themselves, the results appear in
the accompanying table, together with annotations
explaining the significance of the data. It should be
mentioned also that the tapes were tested on a
Crown International SX-822 recorder and mea-
sured with a General Radio Company Model 1523
graphic level recorder and plug-in sweep oscillator;
my thanks go to both these companies for their gen-
erosity in lending the equipment. Finally, some
slight amplification of a few points is in order to help
the tape user assess and make use of the data sup-
plied in the table.

The experienced recordist knows that record-
level indicators on tape machines are calibrated
differently by different manufacturers, quite aside
from the requirements of the manufacturer’s “rec-
ommended” tape. With high-quality machines, their
usual “rule of thumb” is to set the VU meter to read
0 VU at alevel 6 to 8 dB less than that which pro-
duces 3 per cent THD (total harmonic distortion) of
a mid-frequency test signal. (This allows for the fact
that VU meter needles have a mechanical inertia
that prevents their following peak signal levels ac-
curately.) This was the procedure | followed, using
3M 203 tape as a typical example of today’s low-
noise types.

In the table, the column headed Signal-to-noise
ratio contains figures computed mathematically
trom the measured data of the previous three col-
umns. The procedure for each tape was to take the
output level for a 0-VU recording level (column
two) and add to it the additional recording level the
tape will take before reaching 3 per cent distortion
(column three). The resulting figure is the theoreti-
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Output
with 0-VU
input

Signal-
to-noise
ratio

Frequency response

15 kHz

Low-Noise Tapes

Ampex 344
Audiotape Formula 15
BASF L P35 LH

Irish 274

3M (Scotch) 203
Maxell LNE35-7
Memorex 1800
Realistic Supertape
Soundcraft GTA-12
Wabash Primus 2

+

|

+

I+ +

0.
0.
0.
0.
0
0
0
1
4
2

wo Pw =N

|

Low-Noise/High-Output Tapes

Capitol 2

3M (Scotch) 206
Maxell UD35-7

Sony SLH-180

TDK SD 150H-7
Wabash Primus Master

+0.1
+0.3
+2.814
+2.3
+2.7
+1.9

INTERPRETING THE CHART

THE tapes were tested with the recorder’s bias and
equalization adjusted to obtain the flattest possi-
ble response with the 3M Type 203 “reference tape”
(see Fig. |, curve “b”). A recording level 8 dB below
that which produced 3 per cent total harmonic distor-
tion (THD) at 400 Hz with the 3M tape was chosen as
the “0-VU” input signal. Each tape tested was care-
fully bulk-erased; all measurements were made near
the center of the reel.

® Bius noise. This is the noise that results during
playback after the tape has been run through the ma-
chine in the record mode but with no input signal being
fed to the record head. The figures reflect each tape’s
response to the noise introduced by the bias signal and
the recorder electronics during the record-playback
process. The higher the negative figure, the quieter the
tape. The measurements were made with a filter con-
forming to the extended ASA “A” curve. which
places greatest emphasis on those noise frequencies
likeliest to be audible.

® Output with 0-VU input. These figures indicate
the playback levels obtained from each tape after re-
cording with the same ‘0 VU,” 400-Hz input signal.
and are therefore a relative measure of each tape’s
sensitivity at that frequency, compared with that of
the reference tape (0 dB).

® [nput for 3% THD at Output. These figures are
the recording levels above 0 VU (for a 400-Hz signal)
each tape will tolerate before reaching 3 per cent total
harmonic distortion (THD) on playback. The higher
the figure, the higher the recording level the tape can
take before overload distortion (magnetic saturation)
occurs.

® Signal-to-noise ratio. As described in the text,
these figures were computed from the data of the pre-
vious three columns. First the recording level for 3 per
cent distortion for each tape was combined with its
output for a 0-VU recording level to determine the
tape’s maximum output level at 3 per cent distortion.
This output level was then compared with the weight-
ed bias-noise figure to yield the signal-to-noise ratio at
close to the maximum permissible recording level. A
high ratio theoretically indicates a tape with superior
performance.

® Frequency response. The figures given for six
frequencies from 3,000 to 15,000 Hz show each tape’s
departure from flat frequency response when recorded
and played back on the test machine adjusted for the
reference tape. The 0-dB point for each tape is its out-
put at 400 Hz. In general, a rising high-frequency re-
sponse indicates a tape with a potentially better signal-
to-noise ratio at the higher frequencies. Since the low-
frequency responses of all the tapes were virtually
identical, no figures for frequencies below 3,000 Hz
are given. The recording level for the frequency-re-
sponse measurements was the standard —20 dB.

cal maximum output level of which the tape is cap-
able at 400 Hz with the specified distortion. Sub-
tracting the weighted bias noise (column one) then
gives a maximum signal-to-noise ratio for each tape,
which is the figure listed in the fourth column.
Though the results obtained from this calculation
may not always agree completely with an actual
measurement, they should be close enough to give a
reliable indication of the tapes’ relative perfor-
mance capabilities.

1974 EDITION

Today’s tapes are certainly better than their pred-
ecessors, and tomorrow’s will be better still. Reel-
to-reel tape is the backbone of all music recording,
and though it has come a long way from the days of
paper tape coated with so-called *“*barn paint,” there
is still room for improvements.

Judging by past performance, the tape industry
can be relied upon to make the necessary improve-
ments to keep pace with developments in the ma-
chines on which the tape is to be used. U
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The Nortronics QM-312 splicing block designed especially for 0.15-inch cassette tapes.

AGGESSORIES FOR
IAPE MAGHINES

Tape accessories are the spice of
arecordist’s life—sustaining and
enhancing fidelity, extending

tape machine life and saving time.

By J. Gordon Holt
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NYTHING that is not absolutely needed for a

tape machine to play or record may be con-

sidered to be an accessory. These range

from little plastic clips that prevent tape from un-

winding up to multi-channel mike mixers and noise-
reduction devices.

The importance of accessories cannot be mini-
mized, however. They can lengthen the life of your
tape recorder, save time and effort, and enhance
recordings.

GADGETS FOR TAPES
The reel clips, previously mentioned, fasten to
the edge of a tape reel to prevent the tape from un-

winding when it is subjected to shaking, as in transit
through the mail. These work, but only with a full
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units are available for use with existing recorders.
These will be usable for decoding Dolby FM trans-
missions as they become the rule rather than the
exception. All Dolby licensees must meet mini-
mum-performance requirements set up by Dolby
Labs, so the actual noise-reduction performance of
all Dolby units is about the same.

Where the units differ is in accuracy of adjust-
ment, which affects high-end response and in the
noise and distortion characteristics of the circuitry
other than the Dolby parts. In addition, at least one
available unit has built-in provision for switching
the Dolby playback sections directly in series with
the main system preamp so the Dolby circuit can
be used for deprocessing FM as well as any other
incoming signal sources.

The advanced live-recording enthusiast almost
invariably discovers that two mikes are not always
enough to do a job properly and starts investigating
input mixers. These range from relatively inexpen-
sive units all the way up to astronomically priced
devices (for professional consoles to feed dozens of
mikes to 16 tape tracks). And, again, you get pretty
much what you pay for. For under $100, you’re
likely to get some audible hum and hiss as well as

Cassette bulk tape eraser, the TMC-| from
Robins, operates from 50-60 Hz, 110-V line.

rather high distortion. About $120 will buy you a
semi-professional unit with four inputs, panning
provision in one input, and good performance:
while $300 or more can purchase a variety of pro-
fessional mixers with six or more inputs.

RECORDER MAINTENAN

All of the available head degaussers are potent
enough to do their job, but some may not be suit-
ably shaped to reach your recorder’s heads, so
check this before buying. Special degaussers are
available for use in cassette or cartridge machines
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and some combine cassette degaussing with a head-
cleaning cycle.

You can check for magnetic fields with an inex-
pensive magnetometer, as well as how much mag-
netism your tape head has retained.

The most worthwhile alignment tapes are those
made for professional users and service technicians,
and not only are these quite costly, they also require
the use of suitable test equipment and a certain level
of technical sophistication. Test tapes designed for
“ear evaluation” of recorders are likely to give a
recordist more unnecessary worry than enlighten-
ment.

The best of the tape head cleaners is a cotton-
tipped “Q-tip” swab saturated with a suitable sol-
vent, and both are sold as hi-fi accessories. The cot-
ton swabs are available at lower cost from drug
stores, but I don’t know of an alternate source of
suitable solvent. (Carbon tetrachloride works fine,
but inhaling the fumes causes liver damage, so that
solvent is in disfavor these days.) Although fairly
expensive, all of the head-cleaning solvents sold as
such do a good job, if you can reach your recorder’s
heads with the cotton swabs. If you can’t, which is
often the case with cassette and cartridge machines,
you can buy special cassettes and cartridges loaded
with a slightly abrasive cleaning tape that will do
almost as good a cleaning job on heads and guides
as a “Q-tip.” The capstan and pinch wheel must
sometimes still be cleaned with a solvent in order to
keep wow and flutter within specs.

Be careful with the solvents, though. The plastic
trim on many tape recorders will readily dissolve in
most head-cleaning fluids.

I don’t recommend silicone lubricants foy tape
any more than for discs, and for the same reasons:
they combine with dust to form an 2brasive gunk
and they tend to foul the head surfaces, necessitat-
ing frequent cleaning. Mgst tapes are already suita-
bly lubricated and no more is required

Tape stroboscopes are of value mainly to profes-
sional users ard service technicians who are in a
position to do something about a case of speed inac-
curacy. For home recordists. periodic cleaning of
the transport, plus an occasional pitch comparison
(by ear) between the beginning and end of a com-
mercially recorded tape will serve to ensure that
constant speed is being maintained. To determine
speed accuracy, compare the pitch of a pre-re-
corded tape with its equivalent disc release (making
sure the disc 1s actually runsing at 335 rpm).

If you do much taping fr-m discs. don’t overlook
record-care accessories that will reduce surface
noise. If you don’t, vou’ll be listening to those same
clicks and pops each time you listen to the tape.
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reel of tape. With a partially full reel (or even a full
one, for that matter), the same objective can be ob-
tained by folding the end of the tape over the reel
flange and fastening it with a bit of Scotch-brand
mending tape.

Gummed-paper title labels for identifying re-
corded reels are available from hi-fi gadget sup-
pliers, but equally suitable labels can be bought at
much lower cost from stationery stores. The same
goes for those bright red “china-marking” pencils
that are sold for marking the cutting points on a tape
that you're editing. They are cheaper when they
aren’t sold specifically for editing tape. And they
can also be used for putting temporary identifying
information on plastic or metal reels; the writing is
removed from the reels with an alcohol-soaked rag.

Tape splicers come in ali shapes and sizes, and
are one of the few things in the hi-fi field about
which it can be said that you get exactly what you
pay for. The least expensive ones will do a slightly
better job than you can do with scissors and your
bare hands; the most expensive ones — bars of cast
aluminum several inches long with a slightly under-
cut channel along them to hold the tape — make the
quietest, strongest splices and will allow you to as-
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