Psycho-Acoustic Aspects of Higher

HIS I8 A DELIBERATELY  CHALLENG-
xa earer, for wide attention to
better somwd quality in the Lioimne

ts at least ten years overdue. It will

wtress the bencficisl commercinl effect

Enf tmproved sound guality, hecause tlat

snost important feature has been gen-

':nrall,v overlooked.

t The radio field has been badly con-

dused over the public’s reaction to

Ehig'her quality. The incorrect idea that

exterded frevuency range and high

wuality are synonymouns has  caused

E-nuch of the confusion. A further source

as been the faet that mauy of the

El'uctorst lie in the semi-subjective field

of pasvcho-ncousties, The typical et

designer or chicl engineer is genernlly

t radiofrequency ougineer with ne

feel {or the subjective, and heunce is

Iy misled. As Ben Olney has often

saitl, the average set designer thinks

of it only as a device to Join a signal
generdior to an output ncter. Such
few organizations as have maintained

a ctalf of sudio engluecrs, with adequale

awthority, have found the result profit-

able,

Listener Fatigue

That listening may causc fatigue s
a matler which has had little englucer-
ing attention. There has heen a limied
amonnt of unpublished work, amd one
or two nmgazine articies, on the sub-
jeet, Lut it has never been discussed
bhefore n learned soetety.

The fatigue cffect rosults after a
listening period of a few minules to
a dozen hours, Tt is a fatigue of the
understancling centers of the brain, not
of the cochlea in e car, and ranges
from the mildest wearines= tn one :o
extreme as to foree an inmediate re-
apite, There has becn some effort to
blame sveh weariness wholls on pro-
gram character, bt experiment leaves
1o doubt that systein chiaracteriztics
are equally effective, '

Reduced-Fotigue Designs
In prewar Lome radios the low, me-
dinm and high priced fields esch had

* dudip Denices, fne, 414 Madisan Ave,
N ¥

C. J. LeBEL*

one manufacturer whoze designa were
definttely less fatignimg than those of
his competitors iu the sawme price clasa,
Afl three makers were very successinl.
Muel of their suecess was due to ag-
pressive selling, but we have the wowd
of wu experienced terchandiser that
their easicr listening led to repeat husi-
ness over a period of more than fifteen
vears. The fatigue effect of nmost radio
sets cuts listening thine which reduces
the business of radio stations and tube
mannfaeturers. In faet, it lias been
proposed that NAB and the tnbe manu-
fueturers graut a subsidy to makers of
sets which  lave  excoptionally  low
Tatigue effect it thelr respective price
clusses,

in the hearing-aid field we have
intercsting obscrvations which are ap-
plieable 1y other fields as well, for
upproximately one-half of the hard of
hearing  have hearing charucteriatics
very mueh like the neormal exeept for

Quality Reproduction

The author emphasizes the commercial advantages of better reproduction.

i sensltivity reduction whicl is e
sentially voiform with rvospeet to fre
queney. Tt has been demonsirated thar
a deastic reduction in fatigne etfect,
with no visible change in the instru
ment, may double sales within a perisxl
of months. Tn one case, ten thousand
dollars’ worth of engineering wag as
affective as soveral hundreett thousand
dollars’ worth of advertising. Suclh a
ligh ratio of yield is probably due to
the faet that the average liearing wid
user wears the instrument (welve to
sixteenn hours a day, and tie resulting
fatipue, with a poor design, cun easily
be beyond humnan endurance.

Meotion picture theater owners Lave
known for pears that the public will
o to some little trouble to avodl poor
sound, as reference to the SYPE Jowr-
nal will fndicate. Few engincers realize
that the theater owner’s success depends
on giviug an impression ol spending
woney  with reekless abandon, whilst

A view from a Columbia Broadcasting System studic Into the associated control
raom. The clean-cut design of the double glass observation window [which is
typical of this network's studio design) provides excellent uncbstructed vision
between the two areas. The glass is set at carefully determined angles in order
to avoid all possibility of any reflections that would hinder vision to the slightest
degree. It is interesting to note that because of this slope, the curved, by-
window-like end sections require especially fabricated glass. Rather than being
simply sections of eylinders of proper radius, they must be particular sections of
accurately dimensioned cones.
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actually purehasing with grear eare
Henee it is significant that you will
finil no theater with equipiment ag hal
as the average Lione radio set.

[n the dise fiehl, the intluenec of
sound quality is mingled with the effect
of an artigt’s fame and the vowue for
a particular selection. [t 18 the duty of
the musieal direector and the artist to
avoid a head-on comparison of techni
eal guality wndiluted by artistie con-
siderations, Tt nevertheless it i
recognized that good sound guality 1a
one of the Tuctors whicl atfect reeard
silos,

The 1nexperienced phaorver’s renctinn
to sound quality of reduced fatigue
fnctor shows hLis apprecintion of better
presence: “It sounds very natural”,
“the anmouncer sounds right here in
the rooin®, “this 18 very easy to listen
to”, “vou can listen all dav without
getting tired”, “it sounds so elenr”,
nre commonly used phrases.

Fatigue Testing Methods

There has been no prior iliscussion
of fatigue testing methods before a
lenrnel society, and so u hrief stae-
ment of these methods may be of
interest. They are subjeetive methods
you may na well be warhed in advance.
Rubjective does not iean quaiitative,
for the results can be reduced to rough
quantitative relutions.

The most aecurate results ean be
secured in the lLewring aid field. A
seriea of ulentienl-units, matched as to
all performanee elements except the one
being tested, are given to a skilled but
non-techuieal observer. One or two
standard production units are alwavs
ineluded as eontrols. Each iustrument
is worn several duvs, then the best two
are worn lor two days esell. lustru
ments mav he listed in order of per-
formance under any given eondition.
1f very poor units wre boing eompared,
or very sensitive olservers uaed, the
measure of performance is the con-
secutive number of hours the unit ean
be worn before futigie compels shut-
ting it off. Better units are compared
on the basis of the wmount of fatigue
atter o normul period of use. Tt iz wise
to diversify 1the type and degree of hear-
ing loss when picking such a Jury,
for some ure asbnormally sensitive. For
instanee, ecertain nerve type cuses were
unable to wear 3 onee very popular
low-prieed unit for more than an hiour
before fatigne beeame excessive

Results (rom sucl teats correlate well,
anel it ig possible to prediet accurately
the publie’s reaction to 1 new model
on the bnsis of three setz of enrves and
a listening test. The listening test is
intended to evalunte the effect of
mechanical noises pirtiewlarly ease,
elothing, and cord nowse.

10

Radio seta are no easier (o studs
Good desizns may require a werk of
heteniug 1o evaluate, while mistakes
may he rejected in one evenimgr A
rhanee for direet ecomparison i= slan
desirable if the models to he compared
are unusually had or unusualle ood.
This places the evaluating burden upon
a trained listener, usually an eugineer
That the inethod ean he suecessful is
shown by the number of ecompanies
which have been able to turn out supe
vior produet by this raenns,

The motion picture field has relied
on the trained listener also, for muny
VTS,

While compaving some 16 mm sound
projectors intended for the educational
market, it wus found that student at-
tention was direet funetion of redue-
tion in fatigue, Even the most inter-
esting filma cannot lold the student if
the reproduction ia bad. Without ver-
balizing the matter very much, eduea-
tors have heen conscious of the need
for good quality sound in Loth projee-
tors and edueational recorders.

Fotigue Factors

We now examine the fatigue faciors
in detail, renlizing that noise is the
worst. [)different tields find different
noise sotirces their 1nain problem, In
hearing aids, case vibration, clothing
rubibing aeross the microphone opening,
and cords rubbing on the elothing und
hody are of major iinportance, Tule
microphonieg ean lie ohjectionuble if
not guarded against.

Tn home radios, natural and man-
made statie are unde inore serious
by the vogue for built-in antennas. The
use of narrow band width is largely
prompted by the discomfort caused by
wide hand reprodnetion in sets as or
dinarily instalied.

In phonograph work, record serateh
has been a great deal riore serious than
it nead be. Quicter pressing stocks have
heen available tor years, but their
universal use waits upon ore intense
conipetitive comditions than presently
obtain.

Harmonie and intermodulation dis-
tortion huve a strong fatigue etfec:
whieh ean be somewhat minimized ly
reduction in frequency range. Artienla
tion tests o not provide a good index
hecause they are generally earried on
for too short a timme. dost radios mar
keted today distort o great deal mmore
than they need to for a given nanu-
facturing cost. Ameriean records often
have mueh higher intermodulation dis-
tortion than desirsble, due to polishing
and over-use of stamipers. ln this con-
nection it i3 interesting to note that
Roys' has shown that intermodulation
iz greatly inereused by polishing, but
that harmonie distortion is not signif-
ieuntly affectel,

The mere raising of the upper eut-
off frequeney to 8,000 cycles is not in
itself o =narantee of improved quality
The lower eutoff must e reasonshls
placed. und there shonlkl be nn gaps
in the response. The following efforts
were labeled “high fidelity” some yeurs
ago, but they were still very unsatisfae-
tory to listen to: One had response
limits of 300 and S.000 cyeles; another
had Lnits of 100 and 8.000 ¢veles with

gup between 2,000 and 4.000 eycles,
and a third had liniits of 10¢ and 7,000
eycles with strong peaks at 200 anl
1,000 eveles, Peaks, vallevs, unbulunced
limits are all annoying to the ear.

The dynamiec characteristics of &
transducer are not always the same us
the statie characteristic. As Shorter®
has shown, a loudspeaker may behave
quite differently when handling inter
rupted tone than when handling steacds
tone. Many of us have had the experi
ence of having a lovdspeaker sound dif-
ferently from what its response eurve
would indieate, aud this work of
Shorter’s provides the explanation.
Peaks so produced are ruinous to “pres-
ence”, and lave a strong fatigue ef
fect. Loudspeaker mmnufaeturers liave
often put peaks in the response, feeling
that it was an inespensive way of add
ing lows, or higl=, or loulness efficieney
to matisfy the =et manufacturer. This
has done more to inipair radio receiver
quality than almost any other Jdefeet,

White discussing dynamie character
isties, it might be well to neote that
mierophones of nominally identicul
response but different construction may
produce rather different sunnd a
matter which seems to have been given
no engineering study, Other trans
duecers may have a siiilar fault, though
{for hetter understood reasons. For ex
ample, a phonograph pickup which is
not tracking properly will sound very
unpleasant even though the nominal
characteristies scemn norial

In a system with low distortion the
result may be very fatiguing if the
frequency range is not great enough
for good presence. Good speech through
a 2,000 eyvele cutoff system ean be
understond for a while, but beecomes
painful in time.

Some Remarks on Testing Proceduros

There is great meed for getting down
to fundamentals in the matter of test
ing proeedures. All that have heen re-
ported have involved a series of mul
tiple cloice tests, with the proeedure
entirely beyond the eontrol of the sul-
jeet, and with no satizfactory explans-
tion of what was zotug on. We
term this the “eontused reaction”, Un
fortnnately, radio set tone contrals are
not set by a scries of multiple ehoiee
tests. The user handles the eontrol him-
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aolf, aml he Tears the effect ns lie
elunges it Cause and etferr are always
ohvioua, and he has o mueh elearer
voederstanding of the whole matter, e
ray term this the “covsidered  Tea-
tian™, The dealer way even anake soe
edieationa]l comment on the offeet of
the control in question. 1t 12 perfeetly
reue that the eomflused venction is mnch
cosier to eliedr, and that group tesiing
= mmeh eheaper. O the other hand,
the  rreater sivuilieance of the indi-
vidual test would seem to conipel its
v=e, 1 omly for valilating purposes.

[n sctticg wp oo test, T sare that
the program source i =ultedd 1o the
ok, Culy Oson® Lias pale attention
e Lhe geousUon ] vonditions of the stindio
aud the listening space, In Chinn and
[lizenberg’s workt, lor exnmple, we ave
inforned ondy that studios were use)
for cacli. But the stamdard broadenst
chindio d2, intentionslly, verv bright,
To originate and reproduer under the
same abnormal eonditions will prodoee
s almormal  result,  [nereosell b
width makea exacting demands on every
part ol the systene Any sty in which
the aeonstica] conditions are not woell
defined is hikely to lead to i inaeenrate
1'1:]](‘.|]l:~'iull.

B sure dhat progean: balanee 1s eor-
et tur the hawd widih emploved, A
Fyrze mnnher of programs are acens-
teally balanced fo gound well through
a RIS mmate] set, and when oxposed
U wide vainze system the results aee
viery pain el A <imilar peoblem 1z that
af choosing the proper equalization in
revrodieiug plionogeaph vecords, Tt 15
anpussible to aecept tho resulis of a
voeord test unless data an the conalizn-
thi, pressiue stovk, amount of previons
w=r ol the records, ete., are supplied.
The anly puliished sndy of this natnre
i= notably defieient in its facts, but the
ety unpublshed studies seent to be
copally tanlty

Moods particilarly necessary to be
e that the progesn aaterial is as
lrec from distortion os possible. DBe-
ennize b [pulty procossing nany phonn-
graph reenmls hove o vreat deal higher
internidulation distortion than would
Lo imddieated by meussuremeonts on the
reconding  cquipment  alone For o oex-
ample,  oue  vunufacturer’s  lacquer
arigingls ghow 1hree to four per cent
i ermodalation, while s produciion
pressings run {en to twenty per cent.
Tlis 18 net  necessarily  character-
istic ol all American recording today,
but it is 4ypien] of a certain olass
ol erganization, Pickups arve g prolifie
soureg of distortion when abused, or
when the stylus tip hecowes worn, Te-
cotving set demodulators are wuother
potentinl soures of trouble. Set de-
stpners have paid too Hetle attention

to thiz problom, so rigorous tedta niust
e made before o tuner s used Tor
listener preference testing.

Some peagrants Jdo not require wide
range to give excellont presenee. The
aceordion 1= an eacellent example of
el g =ouree, Other prograng that de
require wide range for presence, iy
irritate the listencor so mceh that he
prefers narrew range reproduction to
vase the pain of Hstening. Cectain ultea-
wodern formz of music unguestionalily
fall in this class. Therefurs, 1t is a
wise precaution not to attenpt to tes
tle papattar mnsie  devotee with the
three I3's or vive versa. This iz o legiti-
maie  restrietion  beeanse  each will
normally histen only to hiz own pree
forred tyxpe of music.

One 1ype of test, which zhould be
more otten eonsidered, is that i which
the response curve 1s shaped. We listen
to a set at a rather lower acoustic level
than that whieh existz in the auditor-
um or duanee Il ad 1t iz well known
that this foreos the ear to oporate over
u different part of the Fleicher-Mun-
son emrvest, o that 16 loses low fre-
queney gensitivity, A eertatn amount
of hass boost is therefore reasonable,
Likewise, it 1= not necessary to clin-
ingte the higher frequencics to reduce
the offensivenes: of a small wmount of
diztertion. A amull amounnt of lugh
frequeney attenuation is quite ¢Feetive
There 15 8 eertaiu lendeney. amongst
thase with just cnough knewledepe to
handicap them, to eritieize high fre-
quency attenuution us a fatal delect.
The conteary s fene, A Tew b ol at-
tennakion o not aliif't o tone helaw the
threshold of bheaviug: they merely re-
duce its importance to the whole, We
vevard this expedient as an excellent
intornn way to render slightly distorted
witde band reproduetion muore palatalily,

Difference Limensz

Cannett and Werney mwade a study®,
ol the (discernthihiy of  changes  in
wregram Band width, whiieh should be
read by everyvone interested i lstener
proterewee testing,  Thelr testa wore
nuade with experienced listeners, anl
wore dosigncd te measure selely the
ability to descern a change in band
withth witli no qoestion of preference
involved, T testinge with ordinary un
skillodd  listeners, with both diseern
ibiliry aud  preference  involved, we
would expeet o loss cerinln reaction o
all cages, If we fitud o more eeriain re
aetion by unskilled listencrs, then we
may fairly eonelude that there ix some-
thing wrong with the program material
in the tone band which is Leing thus
foreibly rejected.

[ order to compare the Ganuett and
Kerney resuits with those of Chinn
and Eisenberg, it is nceossary to simpli-
fx the latter’s figures. (liinn and Tisen-
berg permitied a listener vote for either
Land width, and also a vote of uo pre-
ference, whereas Gannelt and Kerney
permitted only an opinion on which
of two band widths was being presented.

A vote of *“nno preferencs” i3 rather
indefinite, it ean mean either that (1),
the listenor could detect no difference
or (2}, the listener coull detect the
difference, bt found both  presenta-
tiona equally aceeptalile. 1t 1s falr to
assume that if the “no preference”
cholee were eliminated, those who had
previeugly g0 voled  would Lave to
chovse one of the remaining groups
be guessing—which woulll put linltf of
thelr votes in cach group.

If we apply this teehnique to Chinn
atdd Eiseuberg’s 000 vorsus 8000 eyele
test pair, we ret the following orthadex

|Continued on puage 32]

This group-accommodation studio "C' 26' x 40, is located on the ground
floor of KOMOQ'S new broadcasting station, directly adjecent to the central
operations corridor, which is entered through the door in the right background.




I you tried the recent Pictures at an
Fxhibition album by Horewitz, you'll find

this one as pomd piano  recording  as
markable  playing—thougly  the music
conldn’t  be more  diflerent.  These are

harjeichord pieces, for double keyhoard,
witl the wide range of tone nilors the
harpsichord can give with 1ts registratiun
{liker Most pianists just make
them souml silly and  precions; Horowitz
makes them big, massive, as well as bril-
liant, as they sound in the original, {Tle
sonalas  arc  ouc-movenient, varying  from
three  or four minutes down ta  thirty
sceomds 0r sn, Remarkably  concentraied
music, with plenty te it.)
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Stations.

This Dolly made by specialists in custom-
huilt TV and motion picture equipment.

Sturdlly supports TV
camera oh tripod, also
comeraman. i gssem-
bles
tools. Collopses intoe carry-
by &'
for Studio

TV work.

quickly without

ing case 1 sq.
ldeal
& Lecation

Rentals, Sales &
Repairs of all types

long.

16mm & 35mm cameras,
and editing equipment.
°

Representatives for Hou ston Developing
Machines; Auricon 5% camera & recording equip-
Bardwell & McAlister lighting equipment;
Moviela and Micro Engineering editing equipment.
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“Professional Junior”

COLLAPSIBLE
| DOLLY for TV
* | LAMERA WORK
CBS, Du Mont & G.E. Video

QUALITY REPRODUCTION

[from page 11)

vesuliz, with all Jata in per ecnt:

Classical Music

Average Gannvet &
Hand Listener Musician  Kerney
Bi-8,000 A 14 v
120.5.04K0 ol hd a]
Male Speech
Agerage Cannert &
Band Listener Musician  Kerney
A0-8,000 {5} Th a0
120-3.000 36 4 20
Note that in the classical music

Compiete staff of trained technictans
avoilable for consultntion.
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group the choiees wee el more evenly
balaneed thau Gannett & Werney's dis-
cernability <ata. In the male spocch
group we have tuae first foretuste of
apecial significunes: the wsicians are
choosing  the wider Loml alinost as
certainly a8 (he probubility of (deteet-
ability would permit,

Applying  the «ome method to the
2000 and 10000 eyele pair, we get a
very interesting result:

Classical Muysic

Aterage Genneti &
Band Listener Musiciun  Kerney
20-10,0(0) 22 12 an
60- &,000 8 a8 70
Male Speech
Average funnett &
Bund Listener Musician Kerney
20-10,000 33 38 3]
| 60- 8,000 67 62 62
In the music group it should Lo

noted that the two bhauds are separated
by less than one difference limen {une
limen is defined os a 75:25 choice),
but both average listener and musician
show a vote separation of greater thian
one lmen. They gre detecting o dif-
ferenico more certainly than the experts
were able to do (with good program
material), We are forced to conelude
that the music spectrum hetween &,000
aned HLOOD cxeles was tagered by distor-
tim products which marked it so strong-

Iy that average listeners were nble to

deteet 1t with great certainty.

In the male speccli group we seo
ile same offcet, to a leaser degrec, in
the aversge lstener results.

This is a confirmation of ooar stale-
ment that the publie will reject greater

landwidth with  vigor if the adided
rango is  lavored  with  distortion

Products.
Objectives

nalily improvement ean have only
two conunereial ohjectives: to increase
the sale and use of radio sete, ampli-
tiers, und components, It iz olvicus
that there 8 a point of Jdininishing
returns, and that going bevond 1t will
be exceedingly unprofitable.

e i elear that a sct with greater
band width (han the cusiomer wanls
can still be vsed by turning down the
rone eontrol, whereas n set with in-
adeguate band widta bullt in cannot
be so provided with hand spread, On
this basiz we oun estimate from the
Chinn and lisenberg data what would
be the relation hetween upper cutoff
frequeney ad the peaportion of satis-
fied listeners.

Upper Cuteff % of Satisfied

Fregusncy Listaners
5 ke 50
4 ke ap
10 ke 94
12 ke 0y

This assumes o syetem which is rela-
tively [ree dfrom fatigue producing
factors.

We conchudle from this table that

949
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abutd one-bald he radio sets aud plisi-
wraphs e shoald have sdisthetory
amlio response up o ®oor 100 el IV
they et nee this Tandwidth watis-
Tartorily, o vunder o elangzes 0 oonne-

ponent, brandeasting and phonograph
record practice will be necessary. A T T E T o R s
BRIDGED ‘T’

roadeast network lines will lave
s dmprovest, Trods o absaml 100 Liave

ATTENUATOR

Type 410-4B1

Input systeits wlose  response }
afernt to 13 ke, conl fean2mitters
10 steps, 4 db/step.
linsar attenuation

whose rosponse s o he sime elss,
vonpled b Tong Tines whieh cut off
staeply ot 5 kes Availuble are 5 ke
[Tres, st e deerage anerease ol oonly

with detent. 214" di+
ameter, 2 Ys" depth.
$11.50
LIST PRICE

dhoul  E300 per montle per atation,
Th many parts of  the countey o
oy, the night tme listener has avail-
able only G-lee nerwork programs,

The  broadenster who naes djzes
exbensively will have to pay o Tittle al-
fention o the qualily of his repro-

dnecrs aml records, Damaged  repro- BRIDGED ‘T*
ducers or wern reproduecr styli ean ATTENUATOR

eate intermedulation distorcon of the
ardder of 30% Dadly worn rveanls, arul Type 420-282
records el many vears oago willh 20 steps, 2 db/step.
extreincly poor quality, are sl in Linear aftenvation with
sty O las anly to lsten to discover off pesitien and detent,
that record reproduction s on g very 214" diameter, 214"
lone quatity level in foo many atations, depth.

A few network  beadeastors Tuve
faken the exteaerndinary step of using $16.00
chesipn home-type wire  reeomders Tor I LIST PRICE
|I|"il' (]l“l:l‘\'l"l I]l'i'i]lll'il?T[T]H; \\'U o R !
vo s lle exense For such o degrada- : e A S N o

thm of quality,

Pliovograpl recordiog qualiny for 110
vedrs Lins been adeguate to et dhe
chiallenge, bt ooy plsnograph veeords
tanpod, We st make the produetion
pressiing wearer to the test pressing in
ity

Sone i facturers o jnexpensive
lowelspeakers unwt el heir waye.
Little has DLeen done and nothing lins
Tweetr puldished on Towdspeaker art ean
e troeed direetly oo flie seereey tradi-
tion il Toek of exchanee of o lorma- |
tian by Those in londspeaker engineer- | SHALLCROSS
I 0 e A . . B3Ry
ine, Tt ois mveworthy that the BBt . SRS Eiakves ATTENUATORS

lias  pubbished several tinies ns mnweh

POTENTIOMETER
Trpe €C720.2A3

| 20 steps, 2 db/step,
: tapered on last three
steps to off, composi-
"? fion resistors. 13" di-
ameter, 13%" depth,

$8.00
P LIST PRICE

information o lewdspeaker ongineer- | Mean Better Performance — f:'a.”cm“ vakriilrle aﬂ?'}”'"“ had"& prved
! | eir remarkable quietness and service-
ing as that 1'1-1‘0;1.41‘{] b :_1]1 the |0_|1t|- l Better Value! ability in dezens of applications for lead-
speaker  anafacinrers  dn Awerien. ing users in all parts of the world, Such
The tricks of the trade wi'l have to Off position attenuation wall in excess important details o5 the use of spring-
TP Y P of 100 db. temper silver alloy wiper arms, silver alloy

collector rings and centacts, non-inductive

in f]lle worst seqnse, - : 25%, to 509% fewer soldered joints. precision resistors, and sturdy, substantial
Finally, the sst ln:u_mfm:‘rurm' will Noise level ratings that are factual. mounting plates have made possibls ths
have to puy wore attoation fo {he awlin {130 db. ar more balow z8ro leval,) high standard of performance attributed
purt of his design. The present practiee Non-inductive Shalleross precision re- Yo Shallersss:
of having one of the fechnieinns casnal- ststors used throughout sssure flat at- Standard types include ladde: and bridged
v throw an amdio svstent anto (e toil tenuaticn to and beyond 30 ke. T mixer C?"'"O'S- bridged T and ﬂfﬂ"Jh*_T
. I mastar gain controls and V.U, meter mulfi-
vl of am dlubosilyly fl"sl'g‘.”m' -l et Types and sizes engineered for all pliers, wirewound and composition potenti-
cuit will bove 1o =top, This poliey secms neads, Atenuation accuracies of |7, ometers for grid control. Cueing attenua-
ti bt ts worsl i populine e Resister accuracies of 2.17; on spe- tors, and fixed pads, both composition and

cial order, wirawound, in all circuit ccnﬂguraﬁons are

television sets, !
alse available,

Corr?.:l_usion . Write for Catalog and Attenuartor Specification Sheet.
Ihis paper can best e soonemrized
hy aaxing that the typieal set cugineer SHALLECROSS MANUEA CTURING COMPAN Y
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SPECIAL PRORELEMS

demand
SPPECIAL TREATMENT

Engineering judgment is often
the most important ingredient
in the design and construction
of apparatus for your specific
needs. We specialize in —

= gne-of-a-kind instru-

ments for electronic or

electro-acousticmeasure-

ments

—recording or reproeduc-

ing systems with speciol

characteristics

= subminiature audia
for

Laboratory, Production Testing,
Broadcast Station, Recordines
Studio, or Dis¢riminating Home

Audip Instrument Company
1947 Broadway, New York 23, N. Y.

is vory wrong in thinking dhat the

atditory svston 35 o=y toodeceive, ol

thot perpetrating un aesustle fraud

ll}]‘.lll lt 'l\'i” 1|='|\'!_‘. Tiew T'l"llf‘l'l_'.]l.‘-'\.!:'-i[il||s.

Wherens the eve webels very fast at

unaatistuekory  cowditions, the car =

alow 1o anger. TNven when very angry,

i does 1wl lireetly reveal the cuuse

of s raree Yelo o the end, 1t enforees

its destres surprisingly well, very thnie

2 Natener vowns amd turns off his el

Iiig ears have won a vietory.
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— Letters —
[from  page 6

ineerters amd the application taml effect of,
ste.t of negative [eedback.

I this vountry we were Osing amplifiers
after the sivle of your 6ANY one belore
the last war. The amplifier on puge 19
Sept, M lssye was priminally designed wee
i England andd s oo womd example of oy
standards. Very [ow  designers now  nse
tetkncdes o T amps: trisdes are almost
invarigaly used, Most amps have an aotpot
ol 10-15 waits, s than 0.1°%, harmooic
distortion and are Hat within (.1 dh over
at Jeast 20200000 ¢:0 A lamping {actor ol
at Jeast 10 s constderl  cesenlial, some
Ithe one mentioned  above  for instanced
liave i oulpul vesistanes as low as 0.5 ahm
on 15 ohm winding, o damping Lietar af
300 Aast 11FD svsiewms  have a “main”
ampe loading  with abowt 13 volts Input
which = preceded by aiibialile “pee™ amps.

The “main™ amp is left “wide open”
as< far o Treguency response oes. record-
e correction s ddone o e Taee™ amp.
Rome people alwayvs want 1 Thelp”  the
comiposer but tee majarity leave the respomse
alimes onee s2i0 The tone contral controversy
alsa rages in this country amd we  have
nrauy qoerr wavs of making 1he response
as nonlinear a= possible,

Cormer horns aml aeoustival  labyrinihs
are nnw inoocommen use, alzo hass reflex
and a fow infinite balle 1vpes, also we

® Backbone gold stamped with Audio Engineering

and year.

® Center channel to keep magazines fastened in

position,

¢ Round corners, hinges and backbone fully rein-

FOICEd.

® Rich blue Dupont Fabricord—stainproof and

washable.
* $2.50 postpaid.

Foreign orders add 50c.

* % & Here at last is a binder using modern
postwar materials at prewar prices. Designed fo
provide instantanecus reference to your monthly
copies of Audic Engincecring, Ar unusually finz
library finish that will stand up under constant use.

® Rigid backbone with bound-in metal support.

RADIO MAGAZINES, INC.
142 MADISON AVE,

Light weight tarnishproof aluminum ends.

Cail springs built in at each end to securely
position spring steel wire holders.

AUDIO ENGINEERING

i NEW YORK 17, N. Y. BINDERS
1947 | 948 ] 194%
Enclosed find § Foro e Binders
Name....
Address.
City. State
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