Distortion in Tape Recording

Common sense, careful thinking, and a set of accurate measurements
will enable anyone to choose an operating point which will give the
best over-all quality from his tape recorder. The author tells you how.

HERMAN BURSTEIN* and HENRY C. POLLAK

ORE AKD more Audio fans, espe-

cially in arens having one or

more “good music” FM stations,
are making off-the-air tape recomlings.
Often the program source is live—sym-
pheny, chamber music, instrumentalist,
singer, or choral group—while at cother
times the source consists of a first vate
dise or iape recording. I[n sither ecase,
many owners of tape recorders have
numerous opportunities to eapture musi-
cal moments worth preserving, either in-
defimitely or until & better rendition
comes alvug. Moreover, some reeordists
make tapes of their own singing or in-
strunental playing, which they are eager
to hear for pleasure or improvement.

Unfortunately, the recording docs not
always gound “clean” in playhack, It
may lack the effortless, silky quality of
the original source. Due to disloriion, il
may have a more or less grating quality,
either constantly or only during loud
passages. This situation is not eonfined
to amateur reeordings. Sometimes pro-
fesgional recordings contain objection-
ohle distortion.

Distortion, presuning none in the
souree, may he due either to a fault in
the tape recorder or to an excessive
amonnt of signal applied to the tape.
The latter is of comeern here, that is,
distortion resulling from high signal
levels, and it shall he assumed that the
tape recorder heads and clectronics
{ampliflers and hias oseillator} ore in
proper condition.

Although in a direct scnse over-record-
ing—that is, the desire for a high signal
to noise ratio—may he hlamed for dis-
tortion, in a basie sense the desire for
wide frequency range, pevhaps un-
neeessarily wide, may also he partly at
fault. This ¢an he trur in twn ways.
First, in order to maintuin good rexpunse
out to 15,(H} eps or so at a speed as low
as 7.5 ips, the amount of high-frequeney
preemphasis reqnired in recording may
be sufficient to cause tape overload at
treble freguencies. Above 7,500 eps,
where most of the hoost oreurs, theve
would be virtually no audible harmonie
distortion inasmueh as the harwonies
fall outside mnost persons’ hearing range
e well as ontside the recorder’s pass
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bund, whick culs off sharply beyond 16,-
{HH) cps or carlier. Ilowever, ih any nou-
lincar system there would still be inter-
nodulation produets generated by inter-
action between two high freguencies ar
hetwaen 2 low and a high freyuency;
many of these produets would he within
range of the ear and Lbe revorder.

The desire for extended high-fre-
yueney response ean also be responsible
for distortion hy virtue of the required
bias setting. Over the hias range cns-
tomarily used, an inerease i lmas gen-
erally causes distortion to fall, while a
lecrease in bias generally ecauses dis-
tertion to rise. However, inereased bias
also results in greater attenwation of
hich-frequeney response. The desire to
wmaintuin ligh-frequeney response well
heyond 10,000 ¢ps at low tape speed may
lead to bins rednetion, thereby resulting
in greater distortion at a given reeord-
ing level,

The following discussion
throw light on:

seeks o

1. The relative ritnnges in harmonie and
intermodulation distortion as input
level is varied.

2. The relative changes in Larmonie and
intermodulation distortion aa bias is
varied: determination of hias for
miniimum Aistortion.

3. Variation among tapes with reapect
to intermodulation distortion.

4, Mcthod of setting vias so 84 to yield
the optimum eombination of high
signal-to-noise ratio, wide frequemcy
range, and low distortion.

It shonld be wmade clear that the
measurements deserihed in the follow-
ing diseussion are not definitive in the
suise of providing exaet values under
given recording conditions, Rather, they
are broadly indieative of whut huppens.
The values may fluctunte as the test is
repraled at a different time, on a differ-
ent machine, with a different tape, at
different temperature or humidity, and
so on. Jlowever, the tests have been Te-
peated safficiently 1o indicate reliably
the general mnature of the ohserved
phenomena,

The measurements underlying the fol-
lowing diseussion were made on twe pro-
fessional tape recorders in the $2,000
class, operating at 15 or 7.5 ips, and us-
ing a commercial high quality tape. The
machines have separate record and play-
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hack heads, permitting lmmediate plot-
ting of results. Test equipment consisted
of an audio escillater, an oszeilloscope, a
sengitive a.c. VIVM, a harmonic dis-
tortion tester which measures the total
signal content after the fundamental hag
heen filternd out, and an SMPTE type
IM tester which, using 60 and 6,000 ¢ps
respretively in 4:1 ratio, measures the
extent to which the high frequency is
modulated by the low freqreney.

Variotion of Distertion With Input Level

Invariably, tape reenrder specifien-
tions make no mention of IM distortion,
referring only to Larmouie distortion.
Tape recorders have a VU moter or other
type of recording tevel indicator to show
when reeording level is such as to pro-
duee 1 or 2 or 3 per cent harmonic dis-
tortion. However, as Fig. 1 roveals,
whex harmonie disloriion ia still at rela-
tively innceuous levels, below 3 per eent
vt o0, IM distortion cau be disruptive—
20 or 30 per cent or more.

The measurcments in Fig. 1 were
made on & machine operating at 15 ips
with bias sut approximately at optimuin,
in the manner deseribed later. The 0
db reference input level for measuring
IM distortion was equated fo thal for
harmonie distortion by adjusting these
input levels for equel peak-to-peak read-
ings on an oscilloscope.

Figure 1 indicates that IM distortion
heging to rise much earlier than har-
monie distortion, and that the rate of
inerease is far greater for IM distortion.
After IM distortion has resehed shout
4 or 5 per cent, it rises very precipi-
fously. Jt may bLe observed, therefore,
that in the efferl to add a few db to sig-
nal-to-nnise ratio, the recordist runs the
risk of trading a slight decrease in noise
for a large increase in TM distortion.

For the purposes of the measurements
underlying this discussion, the reeorder
was adjusted so that its VU meter in-
dicated ¢ when IM distortion was ap-
proximately at the maximom level eon-
sidercd tolerable for high fidelity pur-
poses, say about 2 or 3 per eent.

In actual use, however, the recorder
should he adjusted so that the ¥U meter
indieates 0 for a signal perhaps 8 or 10
db below that which causes maximum
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allowahle diwstortinn, beeause on tran-
sients the peinter of the VU meter muy
lag 8 db or more bekind peak signal
level. If in actual wse, the meter were
calibrated to read O for a steady-slate
signal which produces 2 or 3 per cent
IM (iatortion, allowing the needle to hit
0 when recording progrom material
would often bring the reading into the
region of extreme distortion, albeit
briefly. Therefore, it is necessary to al-
low a margin in adjusting the VU meter,
Even s0, unless the recordist nses dis-
eretion, based on the nature of the musie
he is recording, fortissimo portions of
a musieal work, or at least the attaeks,
ean be marred by the breakup and fuzzi-
nesa symptomatic of distortion, even
though the ¥U meter indicates only 0,

The recordist i foreed inte a choice
among three alternatives: (1) to aseept
oecasional high distortion in e¢xchange
for an improved signal-to.noise ratie}
{2) to make some snerifice in signal-to-
noise ratio (whick weans relatively more
hum, tube neise, and tape hiss) in ex-
change for low distortion throuzghout
the recording: (3) to ride gain, redueing
input level during loud passages, which
means exchanging dynamic range for
low distortion throughout a recording.
The last alternative implies ability and
willingness to compare the program
source against a score gnd acenrately
anticipate changes in lovel.

The recordist’s deeision on the course
to follow will be influenced by the tape
reeorder he |9 using and purposes for
which it is employed, If it is a quality
machine with a high signal-to-neise ratie,
he may well follow the expedient vyet

satisfactory course of setting recording
level just low enough so that peak pas-
snges are recorded af a level of distortion
whieh, at lensi for a brief period, has no
appreeinble effect upon the listener. On
the other hand, if the machine’s signal-
to-noise ratio is inferior, the preferahle
ecourse may be to aetept seme obvious
distertion during peaks for the sake of
keeping background noise comfortably
low throughout the recording. The pro-
gram sgurce ¢an also influenee the deci-
sion. For example, & relatively high in-
put level might be used to record the
spoken voice beeause in this instanee a
considerable amount of distortion can
usually go unnoticed. On the other hand,
one might have to exereise considerable
inore restraint in setting pgain for an
organ or piano in order to obfain &
pleasing similarity to the original.

Variatian of Distortion With Bios

Figure 2 indicates the effeet of bias
current on distoriion, wsing two rela-
tively high input levels. It must be taken
into account thet as bias varics so does
the amount of signal recorded on the
tape. It short, tape ontput as well as
distortion varies with bias. However, we
are ouly interested here in how dis-
tortion vares with bias. Therefore it is
necessary to hold tape output constant.
For this reason, the jnput level was con-
stantly adjusted to maintain g fixed jn-
dication on the VU meter in playback.
Curves 1 and 2 are based on a playback
indiealion of 0 db on the VU meter.
Curves 3 and 4 result from levels 3 db
higher. At the 0 VU playhaek level, with
bias set for minimum 131 distortion, the

harmonic  distortion test signal was
nntehed to the IM test signal by eom-
paring peak-to-peak playback ampli-
tudes on the cscilloscope.

Figure 2 reveals that: (1) IM dis-
tortion onee 2gein varies much more
than harmonie distortion ; (2) Distortion
does net indefinitely continue to decline
88 bias is increased, but rizes again, and
this rise is sharper in the case of IM dis-
tortion; (3) The higher the input level,
the more eritival is the bias selting for
ninimum distertion; thus, in order to
find the minimum-distortion bins with
ease, it is merely necessary to use a very
high input level. (4) A rise in input sig-
nal level produees the least increase in
distortion when bias is set for minimum
distortion.

From the above it can be eoneluded
that to the extent the recordist secks to
maximize signal-to-ncise ratio by turn-
g up gai, the more important Tt be-
comes thrt he adjust bias properly for
the partieular tape he is using. Other-
wise bt may get muck more distortion.
eapeeially IM, than is acceptable,

{Au interesting phenomenon is dis-
played by the left portion of the curves
in Fig. 2, If bias curreat is reduced
encugh below the normal working range,
distortion drops agein. Inasmuch as a
reduction in bias emrrent serves to iw-
prove high frequeney response, it might
seem that one wmight profitably operate
in the area of extremely low bias eurrent.
Ilowever, there is good reasen for net
doing so. The reduetion m distertion
achieved hy nsing very low bias eurrent is
most striking for high input levels, At
low input levels, however, distortion re-
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distortion with changes in bias currenr.
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mains higher than when eperating in the
normal hias range. Furthermore, the
amount of recorded signal drops at low
bias values, so that to maintain the same
amount of tape output requires consider-
ably greater power from the output stage
supplying the record head.)

Variation in Distortion Among Tapes

Using a relatively high recording sig-
nal, several popular brands ol tape were
compared with respeet to IM distortion.
Input level was varied so that each tape
produced the sam® output level as read
on the VU meter during playback. Bias
was adjusted for each tape until ini-
mun distortion was obtained. Following
were the resulis.

Minimum Relative
Tape IM Dis-  Bias
tortion  Setting
A (referenec) T.6% 0.00 db

B 9.0 T5
C 110 -.00
D 10.0 0.00
E 3.5 -1.00

It is interesting to note that the bias
setting for minimum distertion varied
only moderately from tape to tape, while
the amount of distortion varied eonsid-
erably more. However, these findings
would not be sufficient on which to base
the choice of a tape. It would be further
necessary to consider the tape’s fre-
queney characteristies at the bias eur-
rent resulting in minimum distertion, the
shape of its output versus bias curves
for different frequencies, its noise prop-
erties, and so on.

Determination of Optimum Bias Current

Let us assume that on the basis of
curves such as in Fig. 2, the bias current
for minimum distortion has been ascer-
tained, using a given machine and a par-
tienlar tape. However, depending upon
the tape speed and upon the brand and
kind of tape (regular, high output, long-
play, ete.), high-frequency response may
be inadequate at this bias current.

As previously stated, treble response
goes down as hias is increased. This is a
wavelength cffect. Inasmuch as a given
frequeney results in a shorter wave-
length at reduced tape speed, the prob-
lem of poor treble response due to high
bias eurrent is most serious at the lower
speeds such as 7.5 and 3.75 ips. Conse-
quently at these speeds, in order to
maintain satisfactory response, it is
probably necessary to use less bias than
the amount permitting minimum distor-
tion. This means greater distortion for
a given amount of tape output, or less
output for the same distortion (lower
signal-to-noise ratio), or a tompromise
between the two.

Figure 3 indicates the procedure to be
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used in determining optimum hias cur- flattest possible respouse over the treble
rent. It is assumed that the tape recorder range as a whole, it may be necessary to
provides ready wmeans for varying bias aecept response which is a few db down
current and for varying treble preem- at 15000 cps.)
phasis in recording. It is further assumed Now let us consider the situation where
that playback equalization is fixed (in the tape recorder represented in Fig. 3
accordance with the NARTB standard operates at 7.5 ips. Curve 5 shows the
for 15 ips). Curves 1 and 2 in Fig. 3, 15,000-eps response at 7.5 ips as bias is
representing variation of IM distortion varied. At minimwn distortion bias,
with hias, have been redrawn from Fig. 15,000 eps response is about 10 db below
2. 0 db bias represents bias current for 400 eps. Possibly this situation ean be
least distortion, improved by incressing the amount of
When the tape recorder represented in  treble boost in the reeord amplifier. On
Fig. 3 is operating at 15 ips, Curves 3 the other hand, inereasing the treble
and 4 respectively show how respouse at  boost may eause appreciably greater tape
400 cps and at 15,000 eps varies with overload in the upper treble range. Let
bias; input level was kept low enough us therefore assume that Curve 5 is based
to avoid any possibility of saturation. on the maximum amount of trehle boost
400 cps is used as a reference frequency, which may be safely used, taking into
not being affected hy equalization used in  account the typical distribution of musi-
the record premmuplifier. When 0 dbh  cal energy over the frequency range;!
{minimuwn distortion) bias current is any additional treble boost would in-
used, response at 15,000 cps is 1.5 db  crease the likelihood of distortion.
higher than at 400 eps. In order for fre- Consequently, in order to maintain re-
queney respounse to be perfectly flat at  sponse out to 15,000 eyeles at 7.5 ips, it
15,000 ¢ps, it is necessary either to im-  is neeessary to reduce bias. Curves 3 and
erease the amount of bias current to 14 5 intersect at approximately —3.6 db
db or reducc the amount of treble pre- bias; at this reduced bias, flat response
emphasis. Since a rise in bias current out to 15,000 ¢ps can be had. However,
would increase distortion, the desirable as bias is reduced to — 3.6 db, IM distor-
step is to lower the treble boost. tion rises from 3.5 to 8.5 per cent for the
Thus it can be scen that at a speed signal level represented by Curve 1. On
as high as 15 ips, at least for the ma- the other hand, by sacrificing 3 db in
chine and tape represented in Fig. 3, one  signal-to-noise ratio—that is, reducing
can set bias for minimum distortion and  signal level to the proportionus repre-
yet maintain response out to 15,000 c¢ps. sented by Curve 2—IM distortion can be
(It should be noted that a final deter- kept at only 3 per cent when hias is
mination of the amount of treble pre- —3.6 db.
cwphasis required would depend upon a (Continued on page 81)
frequency-response run. Possibly, if re-
sponse at 15,000 cps is kept flat, there — 5 :
would be excessive boost at lower treble u-;;-f;: éﬁ:ﬁ:;m;lnﬁgﬂﬁ:m u]}'ﬁxh}'
frequencies. Thus in order to achieve the  Television News, February 1956.
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TAPE DISTORTION

(Feavmt perge 1Y

1t would seenn that 8 reduetion of only
dboin signalto-noise ratio s Ligtle
clanigh to cxchanze for fregneney e
penge good (o VL0 insiead ol 740
E’l.‘“. II”\\'['\'I"I'. 1I|I'I" are twy ('Oullt('ll
wws: 1) Few if any tape reconders
s decibels to sparve e e tapkter of
vt to-noise Fatio, Wlhereas milios of
Tl S0 b andd hetter wree commonly
phnnd i presmnplitiers and pewer ampli-
i rs. o Lipe vevorder is duing extremely
woll i1 il gets up to 45 dh, The desiguer
b=t g tape reeorder fights Led for
cvery lost deethel or twne e Striving or
trme of 35 dby sl g saeritive of 3 db
vimaequent]y nol unimpertant, (2}
Pperating ot =36 db hias puts 1he tape
weopelinng proesss into a recion wlere g
1wt misenlenlativn oz to mmpan level
vodiees a loge lifevenee e 1M dis-
ot Chn the basis of Fig, 2 {or 3) at
Al bizs oz 3 0 misendealation in level
wienses UM distortion only 1.5 per
anl, but at 4 b bias the same s
endation raises distortion by 5.5 per
‘1.

In view of 1he above two considera-
fons, g reeordl=t or tape wachioe de
winer cquippedd with the neeessary test
natruments wighl dieide that at 7.5 1p=
e ovannot alford, o tertns of distortion
o neises the Tuxnry of  response
e or Less Kot 10 15,000 eps, [nstead he
pay  divide v 4 compromise conrse,
1tting lo a lins eurrent miermediate
wiweenr 0 oand —3.46 dbh. Thus, for ox-
iphes s ehoiee might cost it only o

b reduction o signal-to-noise e lig
cnd a reductive i flat rerponse frow
N0 eps to 10,000 or 12,000 e, At
e swme time o would have holter pro
tretion against the eonsequences of over-
veording than if he veeld =38 db hins,

In arder ty find this oplimum hias
wint, it woull be neces=ary Lo braw &
temher of curves simitar to Curve 3 in
‘igure 3, showing the offeet of biag cun-
ront variations on several frogneneies
wh as B000, 10,000, 12000 ¢ps, and
3 on. Input level shonld be kept 20 io
0 diz below waximum recording level to
void aaturation, Thew tor each fre-
geney eurve one can evaluate, alung the
nes dndiented in Fig. 3, what flat re-
e out to this Lrequeney signifies in
terms of wereise in distortion and Jor
teduction in cienal-to-noise  eatio e
awst ol departure Yrom 9 db careent,
tsed on Ueese evaluations, the bias eue
rent ean be seleeted which reflects the in-
iwidual's eoncept of the eplimom eom
tination of flrequeney  response,  dise
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Stereophonic doun
WITH NEW@Q& 3-SPEED

TAPE RECORDER

++.YOU NEED NOTHING ELSE
EXCEPT YOUR RADIO, TV OR AMPLIFIER

Bell, famous nome in Hi-Fidelity, offers plenty that's new and
STEREO too, in this inexpensive, easy-fo-operate Tape Recorder.

¢ TRUE FIDELITY
oo 30-12,000 cycles

« THREE SPEEDS
e Ve 3%, VY Aps
# DUAL TRACK RECORDING |

« .« Menovral only "

® PLUS STEREQ PLAYBACK 1

. .- stoggered (offrel] hoodt

® RECORDED STEREQ TAPE

..« wilh eoth recarder

= ALL FOR ONLY $189.95

- - - tlightly meore in West

Model BY-76 i

Bell's new BT.76 Tape Recorder is  equalived, presamplified signals from
nmasterfully cogineered, ruggedly built Head #1 into Recorder Amplifier,
and handsomely cased, wirh outstand-  from Head #7 into any Radio, TV,
ing features usually found only on ex- or other amplifier system equipped
pensive professionsl equipment. As  with phono input [¢onnecting cable
a recorder, or when wsed far either  furnished), guaranteeing true Stereu-
Monaural or Stercophonic plavhack, it phonic Sound. Now being demonsirat-
is a magnificent instrument, ed at leading Department Stores and
s staggered (offset} heads feed  Hi-Fidelity Dealers. Now hear it now!

OTHER BELL TAPE RECORDERS AS LOW AS $139.95

MODPEL BTK-1T—Conversion Kit—Tu wdd Stereophunic Playhack to any RT-7%
when desired. Includes second head, pre-amp, hardware, simple instructions, $76.95

MODEL RT-75—Tope Recordsr—Same as B1.76. above, identical appearance
and operstion but withoue Sterenphonic playhack . B1T4.05

MDDEL RY-BE—Tops Rezorder—=Two speeds. Plano-Key controls, three sepa-
rate motors, True Fidelity, Dual Track Recording, Lightweight. .. ... $139.95

Prices shawn subject to chunge: are slightly higher Best of the Hockies.

BELL SOUND SYSTEMS, Inc.

A SUBSIDIARY OF THOMPSON PRODUCTS, INC.

557 MARION ROAD COLUMBUS 7, QHIO

Betl Tape Recarders are sold by leading Department Stores and High
Fidelity Sound Dealers everywhere. Write . . we'll send you
eqmpleie Hterature and your nearest dealers' name.
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™ British Industries Group

T ey

RTSS = THE ORIGINAL

KT66

The wame
GENALEX on the
tulbe anvd carten is
your Ehardnlee
that you are buying
the original

KTé66 ... world-
famons poaver
tetrode, ofren
veferved to as the
finest andic fabe
ever made) The
GENALEX KT&6 i1
the bualimark af the
finest amplifiers.

It is erigival
equipment in the
famans HEATH
ULTRA LINEAR
AMPLIFIER KIT,
No. W.5M. Identical
pins and connections
us 68L& Frbes,

Ouly 53.50 net

For enmplimentary
fact sheet, write Dept. XR-16.

H INDUSTRIES CORPORATION
Port Washington « New York
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ELECTRONIC MUSICAL
INSTRUMENTS

By
Richard H. Dorf

In one big volume, you can now learn all
about the intricacies of commercial electronic
organs, including the Allen, Baldwin, Conn-
sonata, Hammond, Minshall-Estey, Lowrey
Organo, and others, together with many
smaller instruments. Constructiona! details on
the author's Electronorgan and the simpler
Thyratone show you how to build one of
these fascinating instruments for vourself.
A compilatian in bock form of the author's
articles in Radio Electronics, brought up to
date and with many additions, Price $7.50
{Fareign, $8.00}

Customary discounts to dealers and distributors

RADIO MAGAZINES, INC., Baok Division
F. 0. Box 619, Mineola, M., ¥,
Please send me copies of Dorf's ELECTRONIC MUSICAL INSTRU-
MEMNTS. | enclose check [] meney order [J for $7.50 each
[Foreign, £8.001

Mame

Address

City
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tortion, and signal-te-noise ratio within
the eapacities of a particular machin

Conclusions

It has been pointed out that IM dis
tortion ean be a sericus problem in tape
recerding, espeetally if one attempts to
cut close te the line in maxintizing sig-
nnl-to-noise ratio; that adjustment of
bias eurrent ean be quite critical if dis-
tertion is to he kept to a minimum at
high recording levels; that departures
from this eritical hiag point can ex-
aggerate the consequences of execssive
recording levels; and that, if the neces-
sary test equipment is available, a defi-
nite proeedure con be followed to de-
termine first the bias eurrent for mini
mum distortion and secondly the bias
current which at speeds below 15 ips
provides the most satisfactory compro-
niise ameng the requirements of lew dis-
tortion, wide frequeney response, and
high signal-to-noise ratio.

A number of judgments are required
in determining maximum recording level
and eoptimuwmn bias current. Iow wide
need frequency range be in order t¢ give
essentiolly satisfaetory results? How
much IM distortion is tolerable? How
much for a split second? How much fo
o few seeomds? Hew mueh for half an
hour?

These of eourse nre snhjeetive judg
ments. Conscquently the determination
of maximum recording level and opti
muin hios eurrent is not a hard and fast
procedure.

The writers have heard a number of
professional master tapes, one or twe
generations remgved from (he originol,
which, zecording to indieations of =
properly calibrated VU meter in play
back, were recorded at excessively high
levels; the VU pointer frequently kicked
to full seale instend of staying below 0.
Yet many of these seemingly over re
eorded tapes nevertheless sounded elean
to the ear. Although TM distertion was
undoubtedly present in substantial de-
gree, perhaps it was oecurring in sueh
short hursts ns not to he disturbing; or
perhaps the natnre of the musieal seles
tion was sueh as 1o musk the effects of
distortion. On the other hand, the writers
have listened to master tapes seemingly
recorded al conservative levels, yet less
elean-sounding than desirable. Possibly
other feeiors thun recording level and
bias setting intervened hetween the
original souree nnd pood reproduetion.
At still other times the writers have
listened to vecordings velvety smooth ex
cept for a relatively high background of
hum, noise, and tape hiss. They would
gladly have accepted more distortion
for less background distraction.

The above ohservations point up the
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tuct thot top quality tape recording is
hoth a technique and a eraft. It is ad-
vinable (o have a technieal grasp which
enables one to adjust a tape recorder, if
feasible, so as to make the most of its
eapabilities with respeet to distertion,

frequency runge, snd sigual-lo-noise
ratio. At the same time, ove must have
the craftsman’s touch, which is based on
expérience, qualitative judgment, and—
the best instrument of all in audic work
—an geute ear.





