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The edvansages of pqusre-mave fosting buave bren deseribed by many suthers,
Bui the nse of sewrooth waves fr beas known, A simple gesrrater, such as
the one above, will provide a sigesl source which cam be fed o an gmpdi-
frr and ehe output cen be vireed on an oscilladcope. This eothor rells Boiw
athe smetoork wgnal cam be fwrerprered o give reliable daia on Bork high-
and liw-frequency performence, Ser Teting with White Sound, page 47

LABORATORY REFERENCE STANDARD LOUDSPFEAKER SYSTEM
HI-FI-MANSHIP AT THE AUDIO FAIR

TRANSISTOR PHONOGRAPH PREAMP FOR MAGNETIC PICKUFPS
FEEDBACK FILTERS FOR TWO-CHANNEL AMPLIFIERS

A Laboratory Reference
Standard Loudspeaker System

DANIEL J. PLACH® and PHILIP B. WILLIAMS~

Design considerations for 3 loudspeaker suitable for high-quality monitaring
applications in broadcast and recording studios, as well as for the discrimi-
nating listener who demands the optimum in performance and aural realism.

TE EAR 15 A MECITAN=s 0f relatyvels
T:—Jlorl “memory.” It cnnot recond

fspressions aceueately enough for
close comparisons of awdwo reproducing
systems i1 much fime clapses between
anditions. The most therough and time
saving methed of contrasting the sound
qualities i to switch frequently betwesn
systenss during the test.

A need was felt at our Liboratory for
a nl|n|m reproducing  system which
wonld eonstitute & stamdard of comipari-
son for evahution of speakers during de-
sign and slevelopmeiat, Inwddition to the
siare  ordinnry  requirements for  re-
sponse, distortion, smoothness, aiul 50 G2,
these performance fctors were assigned
puERmoUSE inportance :

(1} Pure bass cuput to 35 cps, even
at high operating levels, and at such efli-
ciency ns 10 require uo bogs boosd i the
amplifiet.

{2) Eliminntion of colorations or
spurious sounds.

(3) Uniformity and smoothness of
autpat ever tse entire range, in such
degree that with high-quality soorce
mzterial, no external electrical equalizn-
tem would be required.

Na restrictions were placed upon cost
or on the components to b wsed, The
nienber of clinnsels incorporated in the
camplete unit was to be determined from
extensive Hworetical considerations and
aural analveis of the practical resnlis,

The evolution of this new speaker sys-
b hins b o ded by & growing
rexlizniion of the uses for which it 1z
eminently smitable. An intrinsically uni-
form souml reproclacer can be of pri-
mary importance in- annlyzing recorded
or reproduced sound in manny pliases of
andio amd associated industries,

Breslgn Considerations

It is j;ul:r:l”r realized that the ex-
treme ends of the auwlible specirum are
maost difficult to reprodoce. Furthernasre,
thve Tefparenicnts or 31ij:1|
quency speakers ape incon 2
bow frequencies the excursions of a dia-
phragm are large and require large
comes, These large amplitades involve

* Sewior  Phoricin: ** Ohief  Engineer,
Sewiem Mawsifdetiring Compony, S607 5o,
Laramir doe, Chicage 28, LI
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spocial designs to reduse distortion that
Wiy arise from nonlinearities i the sus-
pensiom system or flux feld surrounding
the vice coil. Generally, a low resonant
irequency is desirsbie to place distoriion
proslects ot bow Frenquencies where thev
are less objectiomable to the ear. This
last factor neceisitates the use of compli-
ant suspension and heavy moving-system
T NS,

While somse similar prohlems accur in
high-frequency’ umits, they are not o
prosonsicel. singe 1 udes are snall
The probdem in i god high-
end performatce {5 16 minimize the ef-

. The Jensem
Lal Standand
Loudspeoker, Model
R-1102

fective mass of the moving system, and
im the case of horn speakers to Nk
small clerances between diaphzagm and
sound ehansber, Addittonal comphicatisg
factors are the need for good spatial
distribution and smooth respanae.

It i genemally conceded now, howerer,
that there are tew ocexsions when treble
boost 55 required in o reproducing sys-
ten with an efective top-end (weeter
and with record equalization. On the
comdrary, an elficient twecter odien must
be padded davwn to avoid ever-brilliasee
ar to reduce noises wherent in the -
grant material
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1 & Bt high-frequency respoimse,
W lms shown et high-emni
et ks rarcly negessacy, I ever, This
iean b attribated 1o the Fletcher-Munson
wiiect, b that the ear i less sensitive to
ge i response with respect to level
warintions ns compared to effect of znch
-chmnge ot low [requencies.
~ With many speaker systemm, liberal
Gt s generally moede of the biss boost
ccomtrods, | especinlly  when:  Fstening
Javel is ‘Hip\‘mli.ﬂni!dy law, woaler 15
E . improperly matched, or not
honsol 50 as o opet the most from i
eapabilities, or program midesial is defi-
cient o hass, due o poor phekup ar
recording.

A commeon misconception  shomt
spenkers in that 5 big effichmit apeaker m
an infinite baffle, drives by an ampliler
with high dampliy factor is the ideal
scomiimation. Severs over~dumping of the
Epehker cah give 28 much o4 10 1o 12 db
Itms at the speaker resonant freqeency.
There i no. advantage in exceading
critaeal Juihp'm; hy ming teo low am
amplifier  internal  bmpedance. To the
gantrary, there is wowe preference for
slight andes-damping i the joterest of
better atmnek time, Under high damping
conletions, o hazs-reflex enclosore gives
eoivsiferable improvement over a tatal
enchnure oven when the Intter i large
enaigl 10 be considered Infinite in size
for all practieal purpeses; Properly de-
signed hom loading, of eourse, gives
the lesit fow end outpat and pevicrm-
ance?

Humti?ﬂ: brase i; the mmplifier o com-
pmisate for irsaificient speiher oufput
hzs reveral deawbacks. The woofer cone
has o move further, and may reach a
candition of nvellmlliﬂg. Harmonic and
mtermidulntion distortion 1o o serions
degree may be found when 10 o 12 &b
of bass bt i psed. Unier ennditions
of high hass boost, an omplifier is se-
vezely Hmited 10 average power outpat
before it hecomes pyverloaded—and the
averlond is muimmme-at the law freqae-
cies where amplifier performance Is pes-
eusarily’ the poorest. When the fappy
combination of relocing both the pooer
owtput of the nmplifier ad woofer cone
movement €xn be achieved, . impartant
gunins in spund melity are fonnd. The
chosest approach 1o the idezl comdition at
thiz stupe of the art comes with e of
a n'fll-dr!u;nevl woalershorn  system in
which  these  elements . are  optimally
matched together to ke advantge of
eomplementation of physicnl aml aeous-
tical factoss,

Highly damped spoakers i chosed
baxes or infinite bafles do not emie bass
o] eqaivalent te that of the original
pickcup unleis some amplifier liaas boost
s mied, There are already too many
lasaes in the recordng-plivback system
to allow mbuch adiditonal loss i the
speaker, The pickup microphone mny
have o droopmg low end, inll
whese milored to Erwor whfﬁarﬁ
have definite grogve limimtions, nl-
thamgh eqoalizmtion & intended to com-
t0. 1 Plack snd P. B, Willlanms, “Hoeu

o Soindepenkoers.” i i

Toad . Kadis and - Telridnon
N, May, 1052,
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penzale by a bosst in the precmplifier.
Pickup curtridges usaally have scme loss
at extreme  Jow frequencics. i these
ather transdncers are not perfect—as
they are not nt this =tage of the art—it
i IN1.|'|.||}‘ mmporitant 0 gaim low end eff-
ciency where it is stifl possile—in the
Inmifspeaker system,

The Mew Madsl

T ihiks unit, tlee utmost: plannmg, de-
signing. anil suditioning of yaricis com-—
binations aml designs: have given o re-
producing system which comes close to
the ultimate gonl of spenker designers—
1o reprodoce sound exactly equivalent in
properticn and Hming to the drigimal
sound-prodeeed eleetrical energy. Final
testing: has heen dooe over & consadernbile
persod of tiie both in the Inborntory lis
tening and messirkg cootes and i b
ing roon of well known asdio experia
Betore L&rg: and varied andiences. This
extensive amditioning with macrogrooe
records; tnpe recontings, FM and AM
peogrrama, has shown that bass hoost has
been called for only on rare opessions—
ne mores astually; then the instances i
wihtich some biss drop woald be accept-
able, or even dlesitable for optimum bal-
ANCE 28 juﬂfgd by the car, The now
Laborator eference Standard  Jomd-
spenker; R5- 100, i an dntegrrated system
based wpon the solid Tounlition of ogti-
mizsd and mtermotehedl elements aml
companets sedected, amd modifed where
neceszary, 10 duliver as close 10 fat wotal
sowrnd ontpuit as the state of the are per-
mits, Palmtaking attention to  soand
character amd cleanness of quality hos
reatilted i a onit. which ep.rr‘l,\g fanened
i for long periods of time withow aurnl
fatigae or consciommess of distracting
self-penernted soinds This loodspeaker
18- pictured i Fig. 1.

Tliis superh performance has been
achieved with an articifated triple-clan-
nel  system completely. loen loaded.
Choices of the midehannd, and o3
beseer extent the  high-chnnmel  units,
were dependent tpon the highest fre-
fuency at which the wooler coald oper-
afe witlout moticeahls: breakap or imter-
mialniron,

Actially, for the best armangement,
this %Fuqn-mey s not high, varving
from o B00 cps for o Fi-in. woufer,
dependerst apon b4 constroction and the
lowest frequency ol operation needsl.
Any wooler has n Fmited range of fre-
quentles over which its cone operntes as
a pistont, maving as & imit withouy the
sepment vilimation -sometimes. el in
spieakers to maice the pormnl Tigh-fee-

isency capaff. When something con be
jnm o extend e end of the wooler
mnge withowt afeeting operation nt the
atler end. the job of the midelumne] it
cun be made casver, ami quality af
the system therehy improved,

What ean b dosie oo streteh ot the
wooler passband and still keep it clean |
The hlgﬁ‘:ﬂd can he extended o lighten-
ing the come, muaking it stiffer, or light-
enmg the woice cail, But all of thess
things tend to degrade the Jow-emil per—
formance. Bnt something cun be done
with the low end—i trick which is e

Fig. . The Seundard i
Fotadtmn .mmnu. ol v i

sirely prmctical and - galns extra bowe
an  pound design  principles,®
“reactance andaliing” is used 1o mntliy
cancel et limiting {actars i the speaker
anif in i lamfing hom b qqu.lgqiﬂg
thesn eheents to complement euelt cihier,
Eelow ity pesomamt rl‘\ﬂqllﬂll:f 0y oper-
atel i free space. o In o boxoa spmber
Is stiffmess-controlled, mesning that the
lBqulﬁ;ﬂHjlrinmﬁl;r determines the come
velocity, Umder this type of operatian,
doauitic oaitput drope off, while distor-
tion rises. eapldly, In this range the
speaker ApQenTY capacitive in notore mE
viewed from the driving poim oo the
mechanical side
A bt presends b lomdspeaker n
commpleos dond consisting of o weeful
resislive  component  sccoanting  for
acoustien]  radintion, aml n quocdremere
cimponent which {s nass-hike or induc-
Hve in nature. In the hypothetical inh-
r!lilt harn. the throat résistance is theore-
tically zero ny the cutodf ﬁ:rl:-nmcy il
the thass reactance geserally Jas i
maximum valoe at this point for mest
ielisl hog For the praciecally’ w=able
findte hinpm, the throat fesistanee ot cotoff
in ‘not zerd. It has & snmll but frdee
valise at this point, and approsches zero
below larn eistafl,

Reacrance Annulling

. Toobinin ihle efficbeney
in the vicinity of el s imperative
1o cancel the positive mass reselanoe of
the hore by eoanteracting it with - the
stiffness of the spenker swapenEon, Sinee
the speaker  stiffness-comrolled telow
resanange, proper choice of  Evston
parameters can selieve this required
renctance annaliing at hern fare cutof.
This condision reguires that (he speaker
FEEOAT lfrqduh:y Le placed] higher than
horm  fare . cuteff, The resonant dre-
quency, however, eanpot be cliosen arbi-

A0, ). Plach, “Design factors i horn.
%pigl.lnelhrs 4. Aud. Eng. Zoe, October,
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trarily. Tt mmt be related o Use type of
o, e cwtaff frequency and to throat
wige. This anoulling also efectively can-
cels' ot the speaker stiffivess effect, so
that it operates normally below its dree
space resonant frequency and to frequen-
ciex :omth:llm hcbw] mlhm cﬂ.u_lf. i

The chobee of Torn Hare B im X
The Jensen hypr.rbullo—g_x;?mrutﬂfﬁar:
farmily®  has  charaeteristics markedly
hetter than the well kmown exponential
type. The thronk resistabee characteris-
tits ean Le made mose ‘constant closer 1o
cutoff by proper fare choice. In fact ol-
migst any desired reactance or fesistance
charsereristic near entel frequency can
e obanined by appropriate chalce of the
fnre parameter T, et

The K5-100 employs the principle of
reactnivee umml'liu??gw waoaler_and
midelanneis. The effect is most striking
Fii the wenfer ehnnnel, where sobid, clean
bess s available as low as 32 0 35 eps;
and at relatively high power, ;

In general, distortion in 4 wooder Tises
45 the [requency i lowered, becnase of
the greater cons movement a3 frequency
deceeaces, Figuee 3 shaws an umre-
qoniched photograph of an oscilknonpes
tracing of the outpat of the “farniture”
model of the sfﬂ  PR-10 {shown
in Fig: 2), at low frequencies: at high
powes fevels, These paweers are comblder-
ably more than to expected i ordis
nary tse. The elose conformiancs to 'the

irinal sine wove patiesd shows fog-
Ligy distortion &t fuq‘lunc_'!led and
paveers. oomponly expecied ftoogive oo
widerable harmonies  instead of pure
tones, En & typical spedin or Barge lis-
tening room, 50 milllwats (1020 watt)
average power as indicated by a VU
sngher - gives - suicient power o this
ppenker system to provile louder than
normial lktening level, At this averige
power, assuming 20 db increase for penks
i be expected in orchestra music, 3 waft
peaks will drive the sqm_:ker II:;MTL
This means thar speaiker distoction will
b 5o -gmal] as to ke neﬁﬁgﬂﬁc ani prob-
ahiy 1ot eyen detecinble. Extensive Tis-
temng tests hove not shown up any -
stances of  recognizable  distertien at
tlemsir frow fresquencies.

The emclosure comsists essentially of
ke {requency e, with the pecessary
trinmuings, mountings, handware, coa-
trols, ami space for smaller reprodncers
unel etworkos The T of the Barc i ﬂm.
with theoretical 40-cps catedf, The tri-
latcral-mouth nrea of 576 synare inches
tas an effcetive arca of srjuare
inches In a corer. The woober e
ananited at the Battoem of the front panel,
radnting backward and spward In a
manmer of speaking, it s & restricted-
ratgpe two-channel system by itself. The

igl 13-, cone type driver i de-
signed with & heavy, high-inductance,
love-resistunce voice coil and leawy -body
cone, Spesker loading, 2 aign of off-
giency, 18 quite heavy, xo that cope move.
ent ks =y ssiall even at the bol-
ooy Frequiencci. -

As @ direce result of extending the
opesation of the woofer below it othes;

1. 5 Paint 2338262
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1. Uneereached osciliegroph photo show-
E';;.iurm renpani al v quijuts oed
frequencies: (A1 35 epr ot 16 worty (8 &0
tpa ot bh worts; (€} 40 cgs at 30 warn (D)

0 cpi gt 30 waars.

wisa eitermal cotofl fooguessy, o G00-cp=
1op Sreqeency is attabmble At this point
lwen boading # eompression drivir is
perfectly practical, and in fact desirablc.
Tt 15 not generally realived, bot the fissi-
cally i nt regdon from 300 ta 600

w 8 diffieslt to reprodoce in & com
ﬁ:tcly horndoaded speaker systenn ol
rensonpble dimensions. "_."'md‘.?“*"l""-"
desigeed 2ein. compression driver din-
phragm when properly loaded must move
AT excTIEive moz: at 3{?0 s, whm;

or peaks in orchestral mmsic nee al
.:w:rl;mhmm. With & spstem vabed nt 33
witts jmput, a5 is the ES-100, twenty-
twe  thous ol an' nch mOvEmert
would ovewr occasiomlly for  fypical
waks i orchestral program . material,
Lu\'!u'lc this movement is not great for a
cane speaker, iL puts o severe ftraln on
comgresaion drivera infen for the
miost Tinear somnd output, At a jreguency
of, sy, G ithis_mwpwensent for the
2-m, voace-coil compressian dinplragm
is redueed fo about six thousandths of
ant imely, well within jes capability.

The  back-radistion |:dm i woater
come connot be depetdled wpon 10 pro-
dues mmch oatpat above ahous I epe
bcanse of the mpny reverdals of direc-
tion of the air path and ab=orption in
wariaces and Eeregolnrities of stractural
members of the emlosare, While a sepa-
rate wonber can e tsed o 60 i this
Teiposse region, the extra spaco ferquired
is rather lnrge if complete Born hading
i® an ohjective for a systen.

< Thie skmphest method §s to se the (rond
&l the wooier cone for difect Tadiation
to the outside. This operation doss not
detraet from back loading perfotmanice,
and indes] simplifies. it in some ways
5o in cffect, tha 13- uml is operating
in o modified two-chanuel armagement
af ity awn, with an acotstic ernsuover o
mhont 300 cps,

The mnge from 600 wo 4000 cps 15 re-
prodoced by & type RP-201 midcharmel
spealoer. While this, unit operates guite
well 4o 7000 ¢ps, an ndvantage in spatinl
listribntion §v effected by wiliging a

semaller wnit above 4000 eveles. The RP-
201 paes o 2-im, volce-cail, reentrant
fabric-filted, phenolic ﬂ.[lph‘ugm I“d. a
ceit hypertolic-exponential haen with
fiare of T=07. A multiple take-off jas-
sige eliminntes  soand-chamber inter-
ference effects in the passhand n’{ this
driver. An intra-eangs equlizer 15 8-
stalled bn this chamme] to give the com-
plete system respanse balanees considersd
by Hsleriers as tenst mearly ideal

Any desired rodoction ' output from
tlsese ehanmels ‘& pravided by conting-
vusly vaciahle pads ot the side of the
enclogare. These odjustments are inde-
pendent of each other, for maxinum
Hexibility ond, accommindating b differ-
enit-program material. This considerable
latlinde of sdjustmeit in balance of te
whale system will adapt the RS-100 for
nue in rooms of any siee and degree of
fiveness, In a large room with many
drapes aml other almerhing material,
the twa pads sl d be adjested for high
autpiet o conmpensate for frequency se-
Tectian abuwrptson. A small ving eoom
position aeunlly calls for aboug 2 b pad
Aingr in the midclannel and & db in the
tweeter, These attenuations cecir with
both contral knobs vertical. This vertical
position is comsidered the “'nopmal™ poai-
tion for flat reapinee,

From 4000 cycles ap, the ultra-high-
freqoency. RP-302  Super-Tweeter re-
produces all the tinkles, swishes, and
“rmaieal nstroment separation” poasibile
at this smpe of the art. This tiny unie,
welf-comtmined with its own horn of T=
0.7, 1s meumited “pipiy-laek” on the mid-
chanbel horn 1o manimiae haffle-type re-
dlectrmma

The iigﬂ!nn;fﬂ.ﬁ' I"Flm]kl::“n.i]"

afed pwerter dimphragm af -
]'éﬁ“m " ing foctor” as a physical
ehoraeteriatic. Unliles nistallie endinting
serfaces, this phenolic material can be
wrved) by bs moter system without the
excessive brenkups and resulling harih
noizes’ and intermodulstion frequently
appafent in . meial dizphragme. - This
dumping feadure it especially fmportant
in tlse presence of interfering scratches,
peops arel ather poises which always oc-
cur to aamke degree in revord suriiees,
At best, mpy sudden impulse sach o
rroond groove imperfections moy create
has an ammoyance fuctor af s own, and
the sanavanee 3 moltiplisd mony, tines
if the speaker nnit moving syston is free
to deciliate ag ane plece or in segments,
faliowing o barst of motse.

At very high [requencies, where the
yaice cotl has an ineressing, tendency 1o
become decoapled from e diapliraygn,
intermal damping is extremely important,
s intermal dissipation i thie dizphragm
ia the ecmtrolling Tectos in transient per-
formunce,

For this reacon, the phenolic dia-
pherago, with s high internnl ' damping,
& preferred to the alominmn or mag-
neaiom iype dinphragms, with thefr in-
hevently high-0) charneteristic. Phenolic
plastic material i preferred from t|:l=
standpoint of tramsient performance in
high-quality reprodiscing systens.

[Centimied en page 8%
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LABORATORY REFERENCE LOUDSPEAKER

[ from page 367

is accnmplished  reinferced with wood screws ; bracing 15 Ar
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The Ultimate in High Fidelity

I the seareh for pure high Gdelity, completely authentic, with smosth
coverags of the complets (requeney range from lowest bass ta uppar
mits of audibility, Fensan desigmed the E=-100 Laboratory Relerenos
Standard Feptoducer (ee bolow) for uss ns & standard of esmpanisat
En high fidslity. For thos who pufsus the ultimate, the very samo
reproducer is offercd bere 24 the Tmperial PR-100 in cabinelry that
treassea’ks n plaew of honor in ik distinguished hosse. There's a totally
new, smooth sound., utierly ronl—undoubtedly the. fat scound
o' v sver Beard. Voices come 1o life nod there's & oW almedt gea-
netricnl Beparniion of fastraments. A three-way syxtem {wr'd have
il skt channels if neccsary, but three wern far and sway Ehes Bt
with 1-{ unit Josded by a e -design resctance-anmulitg. trilateral
meath horn for bass: aslected compression <driver bors Jeaded mid-
channed wish intrarsnge sgtalzer for 3 final toush to prociss halseon
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B3i" Hop 12357 W.: 24%° D Shipping Weight 222 Iha.
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Designed Especially for Ultra-Critical
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