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By using the device described, it is possible ta maintain o

close tonal balance over a wide variation in output level,

NITAIBLER of different tnethods have

hean utilised to control the outpmt

of reprodueing sestems in sueh g
ntanner that the tomal halanes = mgin-
tuined  reasonably constant gt all in-
tensity levels.  “Uhose enntrols ae essen-
tlally variable cqualizers which nedify
the guinfrequeney ehvacteristic of the
systent ax the intensity is changed: the
destred  equulizuiion belng speelfied by
the inl[-nxit_\' va, Linelness charrteristin:
ol the hunne ear. An owlinary  re-
sitive potentiometer = actundly o sinuple
hrtensity eontrol, while 1 properly equal-
ized mmtensity control wight he termeal o
lomhiess  eomtrol. To naintain con-
Atunt tonal balanee as the intensity 1=
chunged, the intensity at low frequencics
st bie changed less than that at high
frequencies,  The eopEequencr of chang-
ing the infensity equadly at all frequencies
has beens experiencel by anyone whe has
noted the apparent lack of bass in the
average radio at low volune saltings.

A eonumen tyvpe of loulness cantrol
cinploys g tapped potentioneter, with a
eapueitor aml resistor i serics hetween
the tappeed  point amd  groumd,  This
rather elementary structure s o large
step in the right direetion, and is stoee-
five: beeause of its simplivity,  This
very  simplicity,  however, renders i
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vapeble  of yielding ondy o weiderate
approxintation to the ideal,  The lowl-
ness vontenl to be deseribedd 15 an elabiora-
tian of the tupped  petentionieter, andd
was dlesighed for those applications
which a l:l)tlriidi'l‘.'ﬂd‘\' eloser :1]::]]r(r)iillla-
tion to the ideal is desired, even though
SOME eXtr eosl i invol ved,

Fletcher- Munson Curves

The tmzis for design of 2 loudness
control 3 the sot of curves shown in
Feg, 1. These are the well-known dats of
Fleteher  aned Munson,  awd ave the
averapged results of measurements tuken
with 2 large nummber ol indiviidunds
el curve  represents a partivitlar
lovdness, measured o decibols from 2
referetee level: the oridinates of the enive
alw the intensity in dedbels carve-
spornding to that  lowrdness,  Flee ale-
paartune of these cuwrves fronn horizonal
lines spaeed 10 dh apurt on the intensity
seale represents the need (o o loudiess
vontrol. It wax roncluded  that the
departure at frequencles above 1000 ops
was relatively unitopertant, gl hat
only the low-frequency end woulil e
consitlered.  This lends to an appresialile
siniplilieation of the problen,  Neverthe-
lows, a0 single network W prodoee o Large
Ioucdness change woull reqginme o mther
eomplex array of elements beegse of

Fig. 1.
Munson

Fletcher-
curves,
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Complete loudness contral unit,

the rapil change of intensity with (re-
queney. v large ldiess change can
tore teadidy be butlt ap by the addition
of & number of smaller changes, each
having sn approprinte intensity vy fre-
quetwy  characteriztic,  This proredure
i factlitatod vy the fact that the inten-
Aby differences etween adjaeent Jod-
Hess enrves are guite =imilar. Ao ex-
eellent approxitmtion to the Wleal nay e
realized by oa econtral  whicl  inserts
sueressive uiits of loss, enely stilar to
the other, wud having 1 loss-frequeney

chameteristic  proportio o the
averngr intensity  dilferenees hel woen
lowdness  eurves. These  averages  are

presented in Fig. 2 as galn-lrequeney

Fig. 2, Curves showing the frequency char-
acterlstic of cach network section at various
intensity levels.

characteristics Tor 10 dl, & dl, aml 3 db
lowlness intervals. The 3 db interval
was chosen Tor dhesin ) it Los bwen found
that this inerement is sufliviently small
for almost all applications where ol
Hie listener’s reaction need be consilersl,

It ix evident, now, that the lowlness
control may take the form of o switching
device  which  inserts, sucvessively, o
saitable mtmber of identical network
sections sopewhere in the reproducing
=vstenn, These sections are designed, on
un innge ipedance basis, to mutch the
churaeteristie of the 3 db loudness elznge
of Pig. 2 0 aml are Ingerted Detween
proper  te jpnating mpedanecs,  As
many of thise sections may be placed in
tumdem as wre required to produce the
desited  loiiness  change, While  this
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Fig. 3. In {A), representation of network. In (B), two networks in parsliel, and (C), ten

section in tapdem.

control would be satisfuctory in its per-
formanee, the switching mechanism wottld
be rather unwieldy, A semewhatsinipler

related to tho voltage Vi on the output
terminals by the erquation

Thus the matio of voltages between
input and output of this two-section net-
work ig «defined by 2 0, and the losz in
nepers (or in decibels) at any [requency
is just twice that of one section. Con-
sider, now, ten sertions in tandem with
an appropriate terminating image -
padenee Z°r, as in Fig, 47 Leb the
input to the network be the voltage anf-
put, 17y, of u vacvuum tube smplifier.
Lot an eleven-position switeh connect the
grid of & second voennm tube amplilier
to any of the eleven eonnection points
of the chain, 1f each network section
has u transfer constant such that its
transmission is represented Ly the 3 db
curve of Fig. 2, and the tenninating
impedanee is the proper image impedance
for that network section, this strueture
will be u loudness control with 30 db
total loudness change, in 5 Jdb steps.

method of attaining the same cnd is f_f .
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Fig. 4A. Schematic of network section. Fig. 4B. Sch ie of lete loud centrol using the netwark design of Fig. 4A.

Transfer Gonstant

The transfer constant of a network
designed on an image impedance basis
defines the complex ratio between the
voltages neross the juput and output
terminals of the network, when the out-
put is terminafed in the proper image

In this equation o is the complex
transfer constant whise real part 15 the
loss of the network in nepers. If Two
identical uetworks are connected in
tandem, as in Fig. 8-B, then three volt-
ages exist, related as follows:

impedsnce. Thus, in Fig. 84, the }1_ ] L il 51 _ .
voitage V1 on the input terminals is s ! Vg 4 Vg
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Network Section

A satisfuctory  network  section
shown in Fig. 4-.1. The transmisaion
of thix seition can be made to mateh the
desired vhuraeteristic quite elosely. It
would, howeyer, Teguire ten scries T¢-
sistors, fr, cleven shunt arm resistors,
fte, sml cleven shunt arm capaeilors,
(g, to vonstruet the lominess control of
Fig. 4=82. The number of shunt smus
with their expensive eapacitors may e
halved by using, instead of ten 3 db
seetions, five 5 db seetions each divided
into twn parts.  Unfortunately, the volt-
age in the middle of a section is not
relnted to thst at the cods by half the
transfer constunt; still, the séekion can be
divided in such a manner that exactly half
the high frequency loss exists neross each
portion with only a minor distortion of
the low-frequency loss, “The exact man-
ner i which the seetion is divided de-
penids on the nuago uupetlauce of the
seetion, which in turn requires that the
clement values be specified.  Figure 5-4
presents the design of 5 section whieh has

[ Comtinued vn page 36 |
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Fig. 5A. Dasign of section calculated to
provide the characteristic shown by circles in

Fig. 58. Comp

cluding terminating network,

Fig. 5C. Amengement when the amplifier
resistance is 0.586R1.

ig. 9.
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shorting copturts. tine deck i used for  Vidaew whic

apprecale the indi-
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