A Three-Element Bass Control

CLEN SOUTHWORTH"

One solution to the problem of providing realism in music reproduction is to
intraduce a controlled amount of “hangover” by means of the circuit described
which permits boosting bass at three separate frequencies independently,

controls & cut and dried procednre is

very oiten followetll A sine-wave test
signal isused and the crontsy adjnsted
te provide the desired nomber of e
¢ihels hoost or cut in reference o VUG
cps; tymeal stendy stute cesponse curves
Leing shown in #ig. 1. While very use
ful v many cases, this type of tone con-
trol 18 not very likely to provile: nle

IN THE pEsicy of conventional {one

Lo 284 Muogeome daha.

The  thtee-element
bass tane.control
unit designed to ob.
tain  power  supply
fram eomn amplifier.

guate compensalion for some grogram
sourees as well as the listener's speaker
sxateny, oo aconstics; and individual
musieal tnstes

The lLass-hoost eircuitry described n
tiis acticle 15 an atteot to provide &
musical form af boss emiphasis simijlay
to the Jand generated natecally by good
aconstics. To o 1lus, particnlar aften-
tion has been paid 1o the transent cligr-
acter of most bass sounds as well as
sonte of the sigwibennt factors of liman
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Fig. 2. Bass-bopst circuits—(A) Is the resjstance-capocitance circuit; (B) is the resonant circuit,
usuolly faw impedonce; (C) i the feedhack type of boss cquelizotion; and (D) is the wmuloted
resaranl circuit, witk froguency defzrmiming elements shown in dotred box.
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hearing. The resolts obtainable shonld
e highly valumd by the lsteher whe
desires good, full, audible and "fecklble”
bass together with g mmimum of inter -
action or apparent distortion of Ingh
fraquencies;

Figure 2 shows three of (e miost
conunonly wsed methods of bass hoost,
These are the R-C nétwork, the R-C.L
or tesonant cgircuit, and the inverse
feedhnck method of obtaimug huss -
phasis. A fourth type of {reyuency
emphasis 15 obtained hy altering the
feedback path of a triode or penmtode m
such & marner-that the virenit simulates
i resonant nuinclance-capacitinge emig-
bimation: Theugh more complicated
than the LT cieent of (B) in Fig. 2,
This eireuit Nas o namber of distinet
advatitages. It r=mires no expens
high A} inidnctantes, and 13 1herefore not

Testud oy, e GooLLy &N proeus

Fig. 1. 'Comporotive steady-rdte  response
cutves of comvantional boss-boosi circuit [A)
and resanout bose Hoost (B}

susceplilile o Twm pickup fiom stray
nagnetic fields, Likewjge, 1t 45 & high-
inpedaiter’ deviee with essantially zero
insertiom loss and as sich 1§ easily
adapted fo, ‘or combined With,. otler
awllo circuitry, In addition, control af
the civeuit is very, flexible and apparent
's from zero o ner afinity may be
ohtained by varymg the zetting of a
single notentionreter 2

The steardy-state yesponae curves of a
simuilatedt Tesonant circoit are shown in
Fig. | 'In comparison with 1hose of 2
conventionz| tone control. Two factors
are worth notipr: First, that the curve
abtiingd s sich that added accentia-
tiom i obtained in the |ow-lass region
where it is frespuently seeded to com-
pensate (or poor speaker and haffle ef-
ficiency, inferior acoustios, and possbie
detfects in original program minterial.
Secondly, the response can he mmle to
drop off quite sharply below a chosen
frequency in order to reduce the pos-
sibility of arsplifier ar speaker overioad
by very-low-lrequency compalents, or
N seime cases 1o attenuate seriouns m

Thactificial hangover” Redio aud Tele
virron News, Japuary, 1952
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m the program material.

Steatly-state measurenments tell only
part of the gtary, and i1 nidiy cases the
tinpsienl response chimckenstics will
lie more tnpartant in defzining what
the reproduced hass sounds like, Figure
3 shows = series of scope photos illis-
tratiug the effects of varions types of
Nass cirehits on [ransient pulses. Ty the
caee of the svnthetic resonant cirtiit,
nearke pure hass funtlamenmals are gen-
etated from the transicnt pulsss not anly
at the man jesonance freguency, bt
jor wrappresithle maoge on either sjde

The synthetic construction of Funda-
méntal tones from transient pulses may
be consdered to mive the iollowmg
henefts. It tends to duplicute effects
praduced naturally: by pood  peoustics,
1L tendds o prowvide a sigonl wore easily
refiroilieed by present oy speskers,
and—rather, paradexically—it can result
e botter apparent lighs: This last elan-
acteristic 15 a psycho-ieoustic effect re-
sullieg from the fact that the nizsking
charaeteristies of the low-Tregquency re-
produetion are radicdlly eliangdd. As &
feill, moere bitss Doost can he
withaul drowning om the highs
strongiv nasking pulses or sinise
pontnts AL the sune tune @ opey be
foum} that eeriain Lransients  becotue
semij-anilible that were not reproduced
ab all previonsly and these give 5 soft-

nsed
with

Fig. 3. Cicilloscope photos showing pulse senics
with ropetition rote af 100 cps (&) shows i
tial pulse shapa: (B) shows cutput of R-C bass-
bowst netwark such os thae of (A) In Fig. 2,
(C) ilusteates cutput from leadbock tvpe of
buest cireuit; gnd (D) Is ‘scope tfrace of output
of the threc element boss.boost cireuit

ening aml wore musical eiect o whit
oight ollierwise be strident higlhs.

I addition to its nlse-farming char-
acteristics, the vesonant circuit has an-
other aspect that s sufered consiil.
erable msuilerstunding. s is the
fact that a high=0) civemnt will geénerate
“langover” when shiock exciteil. Un-
fortunately, hangover has come to le
amocialed with = host of widesivalile
distortiony wm lass repraduction, aud s
noresult resogmnt Girenits have beep
fittle used e recent years. Aclually, a
thumpy or boomy reproducing svstem is
apt to be suffermg from too little hang-
over rather than toe mnel: The reason
for tius g5 that rapully damped wave
trams prosoce strong “side-bands,” ai
aducent frequencies, ant the car tonds
to Tiear and e irrtated by the sporious
high-frequency componenis of o too
rapiilly dpped  hass note. Similarly,
afdljacent resonapces in the speaker.
haffle, or acoustics temd to be strongly

Fig. 4 Three-2lement

boss-boost circuit

wibh self-cortaired
puwer supply

stimiated and consequently nmy  pio-
duce dizagresable heats

The introdietion ol artific] lang-
aver before the luiidspecdtler mcans sey
eral Alings, Short diration wave Lrzms
are lengthered anid non-synimetiteal com
ponents are largely eliminated, wath e
result that' an objectionably pitched
spaaker or cabinet mesonance 5 much
less apt @ be stmolated. Similarly,
fewst spurions sulehands are preduced,
with the Tesull thitt the Hateher hears
deeper and clearer buss. This last niay
e considerad of dehwile fnportance
when Listering ot low levels dug o non
linearity of the war which jives the
effect of heavily damped e trnns
However, cortain precantians should he
takor 18 secure optunum results with
resananl bass Lboost circmits. To the av-
crage pliohograpll, tliere are apt o be
three major sontees ol meclane] es-
ongneo o the Tass vegien, These ane the
loudapeikers the speaker calinet, smld
thie: phonograph pickup arm, and ‘some:
nmes the proper combimanon ol these
elepmwents ean result m o svsteswn with
warat. vibruil, bass awitliont elestrical
lioost. Hewever, i 1he electionie reson
afice s pealied wtgr nenr the freguency

MCCIUAICA] TESONANCes
Vesponse  may

of one of he
very  dlispropaviionite
o

r.

Practica! Circuit
Figire S shows (he schematic 6f &
Ipss-hotst eirewit which employvs three
tlifferenl resonant eleiients By usmg
two grf moce resonant elemeits m the
Iags vegion the over-sll response mmy
be mare closely compensated for
terivncies towi ] “one hote” Teprodie:
tion are gremtly reduced, In the circuit
shown, each control serves o duat pur-
POSE. actm as A megus af controllmg
the “£)" of the resauant elonent as well
ns an attenmator gf it particslne chan-
nel. Thus, when the three bass eantiols
are et /ll of the way dows, o bass
buost geenrs, Wlien the contiple e
turisll part way up, a low 007 rego-
nance s sinitlated and pulse forming
oceurs. \Whien the ¢ontrels ares turned
allithe way up, o nigh "0 resonaiee is
simulated and artificinl hangover oe-
curs. Thie fourth control shown s the
nptit to what & called a “sule
anplitier,” a el wiiel mtroduces
no frequency discrination, and wlich
(Contimied an page 7Y

ol
3
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Fig 5. Schemabic of tane contrel system using three differant srmuloted resonant clements,
o side amplier, and a cathode-lollower autpul. Naote that ne sver-all voluime control 15 included.
Resonant frequencies are 45, 80, ond 120 cpy
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BASS CONTROL

(from page 23)

is wsed tooset the level of the ligh-ire-
quency respomie in comparison to the
bass In some respects, (his part of the
cirenit is worthy of spevial attention in
itself, inasmucl as the slope of e
Ligh-frequency response curve is not
changed, hut merely the relative ant
phitude of all of the highs. This means
that it is possihie to-achieve omphasis of
clarity giving middle highs without
adding excessive high-frequency noise
1o iz reproduction,

While the wnt shown in Fig. 3 ob-
tiins power frow the pmin amplifier,
the systemn shown in Fig. & is Gom-
pletely self cotitained, anl is designad
for easy insertion Dbetween a crystal
pickup or 3 preamplifer and the main
power amphfier. The self-contained
poweT supply, shown in Fig. 6, inrnishes
i B+ voltage of ahout 150, which is
adequate for most purposes. This sup-
ply can be IIICGIPGI'\_IlCu into a sugle
chassis, a8 tn Fig. 4, and will mount
readify. in a 352 x0x2 1o, chossis: In a

Firmy X300

gng |_",_T_

Fia. &. Fowar supply incorpaiarad in unit showa

counipact, s=ell contuimed, wnit, care
should he taken thitt the two dual triotles
are located v the oy, field froin
this pe transformwer. This. position
can us::.;li_\' lie located !'_' menns u." a
small mekup coit—such
phimo cartridge—aml a
plifier; the best procedire being m de
termine the polit af minimtor field m
tengity from the power Lransiormer
hefore any of the components ave
nmounted, This miy be done by con-
necting the primary leads of the tzaus
former anedd mwoving the exploting enil
about it il the region of minmmum
field is established

Parformance

The frequeney of each resonant cir-
cuitis determisied by the values of the
three reswstors aml capacitors o the
feedback loop. nereasing the wahie af
auy of these components will lower the
resopant  Irenquency, while decréasing
the valoes will raise the point of reso-
nance Suguested vaiues for specific fre-
nuencics are shown an the dingramy, bu
superior periormance with a given audio
istallation ny likely be obmined with
a different group of frequencies selectel
to mateh the resonances of the system

Bass 1oue 15 lkesvise sfrongly infiu
cuced iy e amomnt of low-irequency
distorijon present in’ the signal source
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of reproducing equipment In the <con
struction of the three-way lass curcait,
tlie use of different components tend to
alfer the character of the resen decay
curve dite w chianged lineanty clarac
teristies. For example, the substitution of
peiitodes for the triodes shown i the
schematic  miy produce  significant,
thovglt mot necessarily  wndesirable
uiianges in tone color. [akewise, when
wsing larger velues of o pacitance in
the Jectdback loops, such zs 07 nf or
greater, the effect of dielesiric Lysteresis
fiay dlter the resultant sound, hul In
sime cases thie piay he Lenefonl,

Aside from thie hepefits of deeper amd
more misical hass, the use of the three-
clement hass: control seems almost to
atkl o tew dimenson o radio braadeasts
anil the vacions elemenls of @ stution's
technical personality seem to stand ot
more cles ttie 1o the saperior yepro

I thiction of low-frequency transients, Far

example a control room whcraphone
that 1= poorly shock moanted moy e

bt i interesting: serious of thumps
asud bumps while lhe cperator alling
' ot cmanging records in the nyddle
of an anndineement. Simifarly, matlers
ke hutn o diffevens audiv chiannels
mictophonics, tuentalile or yecord rim-

Wle, arr rondibitmer noises, amd 50 on
teril 1o show up more ¢ Iy, OF course,
it tlese suunds become too distracting

they can easily lie elimans proper
setling of the bass controls, 3 procedure
mewliat easier llian gething out the
laner and =aw o modiiy Lhe atonstic
resonances of the room or cidhinet.

In' tonchasion, ol
resomahnce ha
listener
jower registers

the use
circyits
vho cles
To date, the ctri-
mental effects that have bem poted
wiren wsing ciraniis of this prore are
fouml when the elestronie re
sel oo closely to one of the metlianical

multijle

should appeal to

mEny

reseiances of the svstem, o when ex-
cessive distortion ¢lsewh hae tepded
lo coumteract the benefits derived -

tieudar attertion might e paid fo the
elimitation of cabimet or room ali!c~
which may he generated hy the £ Fudn-
medal bass tones Suuiks amplifners
ek the “Ulwa-Linsar" ave recom-
A

EVERYMAN'S AMPLIFIER

{fram piye 40)
Contrel,, We realize, of ootrse, that (hie
leaniness conteol i & wpuch disputiz] subject
at the presest lme and Hiat there are those
wiww prefer such a control and those who
prefer the standard bass and treble con-
trofe. Cotseguently, we providisl what we
felt was the best compromise—s hass and
trelile cotupensalell velimme control whose
compensation s effective muminly at Jow
volume, plus separate bass and treble: con-
trols cupable of either completely mlljiyi
the elfest of the volum tral compen
tion or ‘adding t¢ i for 3 ligher degres of
bass panl (rehle boost or cut,
By actual measurement, the volime com-
trail ndds 2.4 db bass boost at 3 cps: 0.3
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