S GNAL | NTO' AN ACOUSTI C SI GNAL The invention relates to apparatus
convérting.an electric signal into an acoustic signal, which appa
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lies above the {13 9% &btidRed, C°F1‘ﬁ”§19‘éﬂfaﬂeoﬁ“%°t Fegineeriog
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6.
20 "Such known transducer units are driven by amplifier circﬁits
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{amplifiers) which have a flat frequency-response characteristic.

However, the known apparatus has the drawback that its efficiency,

which is defined as.tﬁe ratio of the acoustic output power of the ’

transducer unit to the electric input power applied to the input |
25  terminal, is rather low. -

it 18 an 6bjec: of the inventiom to providé an apparatus
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h#ving a substantially higher efficiency. According to the
invention the apparatus is characterized in that the

. 'r.,.')\ -

electro—acousticftraqsducer unit has a quality factor which is
30 smaller than unity, and the amplifier circuit has a voltage gain
factor which varies with frequency in a frequency range. between a
first freqﬂency, which is substantially equal to the resonant
-frequency of the transducer unit,_aﬁd a second frequency which lies
above the first frequency, this variation with frequency; when said
35 gain factor is expressed in dB, having a form which is



2 substantially the inverse of that of the variation, expressed in dB, of
Qut put power of the transducer unit wth input frequency in said

gncy range when the input voltage anplitude to said transducer unit is-
ANt . If the transducer unit conprises a 5 plurality of i
shbs¥antially identical transducers, such as in a | oudspeaker colum, the
said quality factor and the said resonant frequency are to be understood tv
be those of an individual one of these transducers. If on the other hand-
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rati o 2@heREtiERAuLdS. 20QUSH Ithe ObHRH nRA Ve BfankBfed: gRgducer unit and the s
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It has now been recognised that the efficiency of the

electro~acoustic transducer unit, which is defined as the ratio
20 between the acoustic output power of the transducer unit and the
electric input power appliéd to the tramsducer unif, depends on the-
quality factor of the transducer unit. (For a formula for the
quality factor in a particular case reference ig made to the
following description with reference to Figure 1.) Computations
25 have shown that if the quality factor of the transducer unit (in
prior art cases generally equal to approximately 1) is reduced the
efficiency of the transducer unit increases over the entire
operating frequency range of the tramsducer unit. This means that
a higher acoustic output power is obtained with the same electric : ' 7
30 input power. ' '
However, the frequency-response characteristic of the
transducer unit changes when the quality factor of the transducer
unit is reduced. The low-frequency roll-off, which for transducer
units having a quality factor substantlally equal to 1 starts at

35  the resomnant frequency and falls off towards lower frequencies with



3 a slope of 12 dB/octave, is shifted towards hi gher frequencies. From
secon,dJrequency whi ch is higher than the resonant frequency of the _
transducer *unit, the frequency-response characteristic of a transduc it
havi ng a Qsmaller than unity falls off towards |ower frequencies at a rate
of appraxi mately 6 dB/octave, changing intg a roll-off at a rate of 12
dB)L.Qct ave froma third frequency which is [ower than the resonant
freguency. Unless further steps are taken this results in a reduction of
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factor, nore 25 to ¥hetyesonant| {reguerdin aéethgatmnﬂlm?erm dhs shifted
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of the anplifi erirxithewalugidfl| thmseemdefneqmad'saﬁd)ms 20 a furgmwencies in
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properties set forth in the foregol ngr I n ‘many cases It
have a | ow ef fici encirisnmeang Wﬁtl’ e a°3c3<51%%mée$raﬂﬁ'f“°teﬁe“qiﬁc1fse3§?i1“ﬂd
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conventional cl a§§ngé. (ilnaélsde§ & ogta lnaasns aégar%ngs w‘n&.&r rep duges

frequencies down to at least the resonant frequency of the -

20 transducer unit the amplifier circuit for driving the transducer
unit must provide compensation.for the roll-off, between the first .
and the second frequency, in the frequency-response characteristic
of the transducer unit. This can be achieved by giving the
amplifier circuit a frequency—dependent voltage gain factor, more =

25 particularly a voltage gain factor which, in the frequency range
between the first and the secoud frequenmcy, varies with freqﬁeney

on

in an inverse manner to the frequency responmse characteristic of

the_transducer.unit in this range. If this is done the frequency

we o

regponse of the amplifier circuit:ﬁill increase towards lower
30 frequencies in this range. ' _

If a conventional amplifier is comstructed to have the
properties set forth in the foregoing in many cases it will be
liable to have a low effieiency; which will_tena to cancel out the
increase in efficiency.of the transducer unit. Thus, for example,

35 1f a conventional class—A, class-B or a class—AB amplifier having a
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fraquéncy because the anplifier

high in
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output level. Accordingly, in apparatus according to the invention

the amplifier circuit is preferably comstructed to exhibit, at
least when its output signal level lies in a higher—-level portion
of a range of output signal levels which exteﬁds from zero to a
level which 1s substantially less than the maximum output signal
level which the amplifier circuit is capable of producing, an
electrical efficiency which is higher than that of a conventional
class B amplifier which has a fixed supply voltage and 1s such as
to be capable of producing the same maximum output signal level as
is said amplifier circuit: If such an amplifier circuit is
employed the efficiency can remain high, in spite of the circuit
being given the required frequency response.

It should be noted that transducer units having a quality
factor smaller than unity are known per se. However, the
combination of such a transducer unit with an amplifier circuit of
the type specified hereinbefore is thought not to be known. It is



35. 5 al SO knovvn to drive el ectro-acoust |'c transducer units f.rom an

t he |nverse of the frequency- response of the transducer unit in tp nge,
so as to provide conpensation for a non-flat 5 portion in th
frequengy-response characteristic of the t¥ansducer unit. This i .
fox sexample, fromUnited States Patent Specification no. 4,118,600, see I n
party cular colum 1, lines 20 to 23. However, this specification does not
ment fon a t r ans RIS rkaghR tton drAve gelechTomarePYstLS CHTaRSITAF |'\Ats HEPR @ ty, nor
an increasded 1Gmpl £tk CdirBait whitdee SBequbficyeiresionse AR0L Sipeclflcanduasy uni t
conprises an el egtro-acgus L ajpsde I ex

cabi net the qual':laf'?efac?h tin "”Pﬁe‘;}z ec%%?)&l{a%g{ﬁ% ggnt%gans u%telﬁggs‘{u?u

pref erably betwawit Otn2 thisd f@ﬂ$s emas pre Peevdde cogpermasien 4pF @ gourflas | f

on the otherg ha"lﬁr%ﬂﬁz A mquaeﬂ&hiegee& CRARIE & st e VEChild Qrafe@ilsdy C
transducer i ncor‘f)ngr S,g 3 bass-yefl ex abl net tl’u géjal [ té’ factor of the
transducer unit 5 Ba‘V‘ Ene’ﬁmﬁ n& W BologdSoares SAEETY
substantially 0. @ecﬂheamo@f mehcbmf,étbo,t laee \ial pertOcullaforolgmB)l,i sineal Wy
déterni ned 20 é&y 2? heH%@eQr‘ért h:ﬂis t%@cﬁi@hﬂoﬁn@ésoaott tﬂ@ntﬁloﬁq rtan?s‘&Q&'é:t ic

transducer unit 1s fikely then to be substantially constant, (I

sgbstantial |y fredbdmeyng fdepdse festos ﬁ“"%lﬂéro'ﬁ’éf‘aﬂiﬁ@l f“Péq‘ﬂ’e E%Feﬁa‘i‘ﬂje of
the transduger wriflciehbe. upper figure of 0.8 (or O. 6) arises fromthe fact
that the increase i ffi _ articul a ys nificant wth
hi gher val ues. The 2 C‘#’ Cl#‘é{mf af)°“f%?° trgn%ucey syé fﬁenfact t hat
t he frequency deqient-:heq'reeowits Heardducer dncogrpongtedains hessrneﬂqaa‘tabtlyetf act or

decreases, whi Ch:h'esqxﬁlgff EEQE@&I @ﬂ%he“@e%@i’d’-racods@c Oﬂrfaﬁﬁfu‘égfﬂm%t%’een t he
response of t he transducer unit for e first frequenc response

for 30 ° the sedBfieTaPIYRERESY A aﬁlll.%’st HRdgRARteEayy %%‘?EQHVOH M the
anplifier ciiscuilf) oh heeathes landtthe crubsdicerf aciitodoedccsmpasss.an For quality
factors smaller diaandalodsQic Griledulér 46080 ea MRS RRALOA RoGRTRS: SO

high that it cannot rea 3/
the quality factor of the transducer wiit is preferably between 0.1

and 0.6, and preferably substantially 0.3. _
The ptefetence for the value 0.4 (or 0.3) is mainly determined
20 by the fact that the efficiency of the electro—acoustic transducer
| unit is likely then to be substantially constant, (i.e.
" substantially frequency independent), in the operating-frequency
range of the transducer uait. The upper figure of 0.8.(or 0.6)"
arises from the fact that the increase in efficiency is not
-8 particularly significant with higher values. The lower figure of
0.2 (or 0.1) arises from the fact that the frequency dependence of
S the efficiency increases as the quality factor decreases, which is
- a disadvantege. Moreover, the difference between the response of
3 the transducer unit for the first frequency and the response for
30 the second frequency (and thus the degree of compensation in the
- amplifier circuit) increases as the quality factor decreases. For-
quality factors smaller than 0.2 (or 0.l) the degree of
compénsation becomes so high that it cannot readily be achieved by
the amplifier circuit without a substantial loss of efficlency of
35 the amplifier circuit. For the last-mentioned reason the gain



the anplifier circuit without a substantial |oss of efficiency of 35 the
ler circuit. For the last-nentioned reason the gain 6 faector of

idpanpl ifier circuit in a frequency range below said first frequency is
pregf{ergply either substantially constant or decreases w th decreasing
frequelycy on going from approxi matéely said first frequency. (In principle _
it is7alternatively p035|ble5 for the anplifier circuit to have a 7
rising factor e first frequency to | ower frequencies,
resultlr%Lal P°nr 3 saipa?mgggépe\%m rc& hi& 0%8?%?[”1‘:?33' cﬁf&ﬂ‘&?a?‘%nge namel y art
operat i n?grstr dqeerrnyy rizngesfianaily eithendaibboardidhbly tomstassoerant frequency of
the t ra'l%@i'@&'ésuﬁlth) dectlasin freq&én ! S:ﬁ‘}gYngStf%n?%p%IJ}Emﬂm%' fier circuit

preferabli nprises an anplifier conVenti onal

anpl i fi &add %Et efr‘?eﬂ‘i‘FﬁFBVedI%fH‘riiE‘F’é’ﬁEyitaiLs cﬁh‘ﬁ’éﬁ“l‘%ﬁﬁ@l 2o854PHRv t he maxi num
Testss heve steownpliiitér kchrcuiprety heveaahriviagl daynefieteyioaggaaaganpl ifier

pover si5oly B PRt CrRaidySe BB ekl Rlonc I, b B P e er Jand 0
dependedPeatasup ik avhde fOiPEFadelswfé’eﬂmV ranggotoamelypessi bility is to.

enpl oy emhgif@au@dc&cwngemmléatemsaeomwfm@rré@bﬂﬁt power supply v
vol t age e _out put SI?BaJ level of the anplifier. 20

Enmbodi ma:ﬁf eé‘f:yt‘%g *‘%f@ﬁ?ﬁd ¢t Mow be described in detail, by way of
exanpl e, w tds abfegdyprateted; the aapmmrcyrng.tdpaﬁeammt ccmpdtm ngs. In the *

dr aw ngsanFanq;ﬁeiér LS @aa;psmodumsn&mtm%ﬂ%&?g&g 'f3sniphl y schematic

form gure’2 %rap show ng t I ciéncles of a nunber of
el ect ro- 1&85?)’§9| %fft’-qu%teP“’éRﬁ t keveds belap dhe oppxdpuge cERASACHAVEt hese units
havi ng @t;fﬁnﬁrtﬁﬂt thi6 | daly Ybd achidved Hyi ewlayﬁngs b@v&pumuea&yuﬂgsmnse curves

of a nu T ol Gierangflaﬁgeﬁ agnﬁf'iepa\%g&al af ere uua“_l y..factors, 30

Fi gure I's a 'm-_ah h§a|n factor of the
anplf f i covwes sppply &2 ‘&iﬂuﬁet sdrched Pheanﬂreliﬂuéncy PP#ONAQ meaneyd cul ar

enmbodi NRRY SiOHefdiBehdt’ 8Pdd @Re amplifier drive level. Another
possibility is to. employ an amplifier circuit comprising an

amplifier whose power supply voltage depends on the output signal
level of the amplifier.

20 Embodiments of the invention will now be described in detail,
by way of example, with reference to fhe accompanying diagrammatic'.
drawings. In the drawings

Figure 1 shows an embodiment of the invention in highly
schematic form,

25 - TFigure 2 is a graph showing the efficiencies of a number of
electro—acoustic transducer units as a function of frequency, these
units having different quality factors,

Figure 3 shows frequency-response curves of a number of
transducer units having different quality factors,

30 Figure 4 1s a graph showing, in an idealized manner, the gain
factor of the amplifier circuit as a function of the frequency in
two particular embodiments of the invention,

Figure 5 shows an embodiment in which the amplifier circuit is

in the form of an amplifier whose power supply voltage depends on
35 '



Figure 5 shows an enbodi ment in which‘the anplifier circuit is-in the form
of an_anplifier whose power supply voltage depends on 35 7 its out _
signal level, Figure 6 shows another exanple of .such an anplifier ciggzgéb'
Figure 7 shows an enbodi nent in which the anplifier circuit is in th m
of a class-Dranplifier, 5 Fi gures 8a 4nd 8b show efficiency curves of
vaapous types of anplifier, and Figure 9 shows another enbodi nent of the

i nvgntion. Figurg 1 sch ticall hows an enbodi ment of the invention. In
Fig%ﬁl apparatugﬁ?o?“EH'G%‘ ?ﬁdggﬁﬁblectric signal into an 10 acoustic
signal conprises an Figoue & ehousnagother wxamplechf curh @ni agpnlditdrgnitepinn

el ectro-acoustic trapglueer shdlst ak enBoin@Rt ARk 1lch S¢heC kil kier3 of Ruiflrisvi NY
the el ectro-acoustic transducer, unit 2. The anplifier circuit 3 has an

input 4 coupl ed 1 thhForRREt 2 t1BARF PP LA an out put 5 coupled to the

el ectro-acouysti c tranydueeBaumidt 8R.shdd ef fivieatycirvesaod iaricus tegesdoter

unit is to be u2%§%§%ﬁ%d iQ mean inter alia, a transducer in isolation or a

t ransducer acco ated’in an encl osure, such as a closed box or a

bass-refl ex cabi net,Figura % shersdaeasherphedigenth of Bhe Apeentgon.g conbi nati on

8‘1(‘) a Bl ;J][ ?I i tyTof trm@dﬁqeesr.ea%emamﬁadheda iaﬁf&ibo&i\i‘dn@isdﬂ’ ewri_nmwabb bd on a
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f 15 An electro~acoustic transducer unit is to be understood to mean
inter alia, a transducer in isolation or a transducer accommodated
in an enclosure, such as a closed box or a bass-reflex cabinet; or
a transducer mounted on a baffle, or a combination of a plurality
of transducers accommodated in an enclosure or mounted on a

20 baffle. The or each transducer may be, for example, a ribbon-type
or moving-coil type loudspeaker, a headphone, or a piezo-electric
transducer. The transducer unit 2 has a quality factor which is
smaller than 1. The quality factor Q of a transducer umnit in the
form of a wmoving-coll loudspeaker is given by

25 : 1

Q= Va(k; F kp)

(81)2
By + g —

in which
Ry = the mechanical resistance 6f the mass-sﬁring system comprising
30 the diaphragm (the cqne) of the-tréﬁsducer uﬁit_and its suspension
(N8/m], | S
) Rg = the electrical resistancé of the voice coil [A. ],
B = the magnetic induction in the air gap [Wb/mzl,

35



35 8 1 = the-length of the turns "of the voice coi
ga n, m= the nass of the diaphragm the voice coil and the voi ce-coi
and the air load [kg], 5 [ERR] = the spring constant of the
ion of the diaphragm [N n], and kb - spring constant as a result of
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| ocated in the air

vol une behind the diaphragmif the transducer is accommbdated in an

re. In other cases this temis zero. 10

One possi bl e way ot\/

g the quality factor of such a transducer unit is for exanple to . :
th nefi.c induction_in the air gap, for exanple by using a
e, TSR o PP AT I 0 SoTricereatl Tieabtd 181 PMogih of ¢ ho

transdugep it 2, which is defined as the ratio of the acoustic 15

0, P_.of nb 83 r [ t hg .e j o Laput power applied

ROVEhe Pty bAGnt if G ¢ é%j%ee&[i%R !cggtt,h%&epﬁs'ﬁ

termnals 5 ([ERR] =
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and

~acoustic transducer unit does not conprise an el ectro-acoustic
t ransduéer= isptingpoetatant ias & teaskt oéfthexatulyplnme behinfithere 2 the quantity

0.5; 0.4; 0.3 and 0.2. The 25

ase angl e between
éntksl> applied to the transducer unit), depends on
t hegmagmy t4idfe Ofprihg cdbsdant Yofl Rd Gluspdnsilot oft fie afdphea@ncy [ ERR]|
iﬁﬁnses. Figure 2 shows the 20 results of these conputations where

I ncr eases
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en
éﬁa#heeﬁfrt B8P effPr (§%8fele Be$d8s ahilefaey W@ eFequency- depe

ISTpr del 6C € bet ieen
output power P of the transducer unit 2 to the electric input power

applied to the terminals 5 (W = B/IUt Il cos ¥, where P is the
phase angle between the voltage U and the curreant I applied to the
transducer unit), depends on the magnitude of the quality factor Q,

i.e. the efficiency W\ increases as Q decreases. Figure 2 shows the

Q equal
ndent .

results of these computations where the electro—acoustic transducer

unit does not comprise an electro—acoustic tramsducer incorporated
in a bass-reflex cabinet. In Figure 2 the quantity n cos is
plotted as a function of the freqﬁency f for a plurality of values
of Q, namely Q = 1.5; 1.25; 1.0; 0.8; 0.5; 0.4; 0.3 and 0.2. The
quantity ‘Icqs‘f is plotted linearly along the vertical axis. It

can be seen that for a value of Q around 0.4 the efficiency curve,

if a small area just above the resonant frequency fj is ignored, is.

substantially frequency-independent. It can also be seen that for
values of Q equal to 0.2 or smaller the efficiency becomes highly
frequency—-dependent. Furthermore, it is apparent that for Q
between 1.5 and 0.8 the increase in efficiency with decreasing Q is
not very great. Therefore, the quality factor is preferably
selected to be between 0.2 and 0.8 and preferably to be
substantially 0.4. On the other hand, if the transducer unit is an

electro—acoustic transducer accommodated in a bass-reflex cabinet,

to

- 5, 1.25; 1.0; 0.8; 0.5;

?sstb*sot‘FE‘UgPi?‘Fé'arly along the vertical axis. It can be seen
t hato f or a Vakumseibl® way vhdredudidgheheighaliitgnfactotirofesudhf aa snal |
y

area j ust
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substantially 0.4. On the other hand, 'if the transducer unit is an '35
el ectro acoustic transducer acconmodated in a bass-reflex cabi net , 9 the
5

qual]ty factor of the transducer unit is-preferably between 0.1 and -
and preferably substantially 0.3. The voltage gain factor A of the '

amplifigr circuit 3 is, noreover, frequenc?y dependent. Thus this ga
fackor A may vary as 5 a function of the frequency in the manner

ndigated in Pl Gue 4yt 9adioledt i Braflblates QNS gpéfgg%qygaéegemtfr E

pl otded on the vert] sca s al garlthm
i ncreases towar ﬂdt%é’lﬁﬂelﬁqfleééﬂ}ﬁn%‘?@??ﬁaébfPe%mency range between a
first frequency [ERRhe e aES RNl ifagedroA tdTe the SapTief lc@BtARCY 1@f, the 10

transducer unit and \a/fsecond‘{ qtgency ERR abo ea'_{aEFi% The curve 6
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power P of three transducer nits as a %unctlon of  frequency fo
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and 0.4 respect iteednds dhee lowdrpGtequendelesPld 2 flequémy tagarbdthsercal Firsal ong

t he verti cal sc%lrﬁ%lue‘ggg %r e‘g&gggénpf&foqgs&e ;%aalogg&:%*é&g fi fogt e t ransducer

ghit whose Q fpar at' on he resonant

["at
frequency [ERR] tzaRsduger Wodth |, upnds #ewemﬁﬁmy fPBepbaret fie r Breosurie
frequency [ERR] gtrhgs far S&H&Qﬂl‘é’ al ESRROSR Erdréerddbise Qaiattiagvaubda | ower

frequencies at a rate %%E/OM %%{%e re?‘ls-u r egi t uat ed above
e “The_di aphr agRPLAIes? aBkk MLBE g BAREE §- v 205 FBPisR BG4S Gtet Fhine
regi on. The operfattagaf iequeangyd ranyery2¥ith Efequetcyadschsc follorst Eigurag a
QI is situatedssyRslapidab!of b %&&&E@ﬂtpé’{‘%&&?ﬂ of [ERfee? chddd@aciicer

unit having a Q smaller than unit guency response characteristic
differs in that "rhts @Snpdrattios Ff%&“eb‘éﬁ PHI: capffaph Foltqge on their
operating-fr equem@yt rafgihabé, ttheld Qafmdore bely 1,0,N0W asdends from a

f ERR
[ERR] and | ERR) SRR LRTr [ o bUBHE o 2 FRRMEL LA a bRl o RIRRCY

. For the transduddesvertbeal eraleg. Whantreemthmppnwabmt%isa&|°§nfeheed
[ERR] and [ERR] trgsdiReti Ay whgﬁ@'@ = 1 has a comparatively flat portion

20 between the resonant frequency.fl and the break-up frequency'fb-
Below the resonant frequency f1 the frequency response curve falls .
off towards lower frequencles at a rate of 12 dB/oct. The break-up
region is situated above fb.' The diaphragm (of a cone~loudspeaker)
vibration breaks up in this region. The operating-frequency range
25 of a transducer unit having a Q=1 is situated substantially between
f1 and fp. For a transducer unit having a Q smaller than unity the
-~ frequency~response characteristic differs in that the comparatively
‘ ' flat portion, and thus the operating-frequency range of the
%‘ transducer unit, now extends from a frequency fz; f2 being situated
. 30 above the resonant frequency £ and fy being shifted towards higher
frequencies as Q decreases. For the transducers whose Q = 0.7 ‘and
0.4 this.frequency is designated f» anﬂ fa! respectivelj. From
this frequency the characteristic falls off towards lower
frequencies at a rate of approximately 6 dB/oct., changing into a o
36 12 dB/oct. roll-off from a third frequency, f3 and f3' '



this frequency the characteristic fdlls off towards |ower frequencies at a
r of approximately 6 dB/oct., changing into a 35 12 dB/oct. roll-off
third frequency, [ERR| and %ERR] 10 respectively, which is | ower

he resonant frequency [ERR] 1

In order to obtain conpensation for the ~

~reduct|on of the operating-frequency range the gain characteristic of the

arrplrfrer cir urt thefre ncy. range tween [ ERR] and
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A reason for

not sel Qﬁ&éé&ge@ tfowi:tcﬂeiov{e'rsﬁre'qﬂe&él@s Gaih §Q§%Ctogudﬁ1:&ﬁm%§e gt the degree
of boostrng -20 ference, spectively (see
Fi gure 4B/ogfet \/@énf’feﬂée?"éﬁéll%ﬁ' t"l‘?é“g%lr ﬁh%ﬁai“%ﬁi‘t"éﬂsy? @8y oFlserequenci es
above [EaFﬂheapckokEmhpIesqpem ify edy £ B,ndntmerf@r oﬁtraeﬁwmws | ower than

[ ERR] shogéaq

Q val ue ans-a ater e ence ? n

| imt | d fer 39 depends on the
Iir%ﬁ lfreqxtsngg raﬁ‘ée (q g, W e% U:lmi. Vé :leve 188 4 25

conéﬁaquemlllylratﬁﬂngﬁlér, @%grbeeflet eadng |q1fg?8?t fallsaith mceersain s al so a reason

to sel egiogdie Qifcasiyorasmesort €2 D nf Gat UG r8dBRIc L 1t BARWOE21s AN anpl i fi er
circuit h Vi ng ain ract erjstic as, for >%arrpn%f dei é;nat ed by 6 in
t BrFERTSS S

Fi gure ae n FESYTAC p‘l g, FhsheipFtepstic T %

anplifier, such

as a cl aemrA;han approBimatedy cijassA ABasowpEorf inet seflectiing a fhirthead power suppl y

vol t age YOALGVEe ki characteristic is that the degree of boosting,
20 which is the differencei ay and ajy respectively (see Figure 4),

between the level of the gain characteristic for freq_uencies above

£, and fo' respectively, and that for frequencies lower than £

should be limited. As this difference in level also depends on the

Q—-value (a‘smaller Q means a greater difference in level and

25 consequently a higher degree of boosting) the said reason is sglso a

reason to select the Q—factor_ 80 as to be not much smaller than
0.2. _ _ . o .
An amplifier circuit having a gain characteristic as, for

example, designated by 6 in Figt_lre 4, may in principle be formed by

30 a conventional amplifier, such as a class—A, class—B or a class—AB

amplifier; having a fixed power supply voltage whatever the

amplitude of its output signmal. In such a case the voltage of the

power supply will normally be chosen so that the maximum output
amplitude that 1s to be expected will be produced with a minimal
35 distortion. As the amplifier has its maximum gain factor for

e
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anpl itude of its output signal. In such a'case the voltage of .t he power

supply_ will ‘normal | y be chosen so that the maxi mum out put anplitude t S
to be expected will be produced with a mninal 35 distortion. As t '
anplifier has its.maxi numgain factor for frequenci es bel ow [ ERR]

maxi mum out put anplitude will be likely to occur in this frequency r .
Fok_si gnal s of frequencies above [ERR] (orl}ERR]) the anplifier will not be
likely to be driven to the full extent because of its substantially |ower

ain¢factor int 5 e ra As th i Gi f
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‘the present case ear f r fromi.n 4 Loy of
the anplifier ci P & P{'%y S e% ﬁle e ?EgRﬂ supzi’sl urﬁtlﬁaget ha?lﬂt Ee eé‘als N ac or
of the oper afsi onaltmprplqvfeleqf tige |agplﬂé;l7rh| Brgured e apdnfeelaw o [cERRILeand
[ERR] are such tbﬁtsuweangé‘ﬁﬁﬁ?é‘ﬂ OrAJoEm séi%iiﬁ:’% !\étth édp@.gyed“widclﬁe@

manner correspondi to curve he out.gut. of- anplifi
10 i s coupl ed toa"éPlgF’ri’m °r12xW?|18ha %ass'ae%@fléf’é? -f | FigpTe d’t?é’éo?ﬂj
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positive and '1egf&Jé%§ion which employs an amplifier whose power supply voltage
20 tracks the output level of the amplifier. The amplifier circuit 3..
comprises an operational amplifier 10 having an impedance Zj
between its output and its fnverting input and an impedance Zj
between its inverting input and a point 11 of constant potential,
in the present case earth. The gain factor from input 4 to output
Zy + 2o
25 5 of the amplifier circuit 3 is equal to Z assuming that
the gain factor of the operational amplifier 10 1s very high. The
: : 2y + Zy -
impedances Zj and Zj are such that the gain factor Z; varies
with frequency in a manner correspoﬁding to curve 6 or 6' in Figure
_ 4. The output of amplifier 10 is coupled to a circuit 12 which
30 generates first and second power-supply voltages 13 and 14
respectively, these belng fed to the positive and negative

35



35 12 power-supply terminals respectively of the anplifier 10 and

varyl g W th the output signal |evel of the anplifier 10. The operation of °
t he 3 |t 12 is such that the power-supply voltages 13 and 14 track the
outp |gnal | evel of the anplifiwr 10. 5 Figure 6 shows anot her
exanpt€ of an anplifier circuit 3 for driving the transducer unit- 2. The

amplifier again conprises an operational anplifier 10. In order to obtain \J
t he gai mow¢rmsaepler Fetnigakepesresnivdyhof che \aapbifier 610 amd Fagyimg 4 a filter T

devi ce Qeh Schar&ﬁw@@ig@awemt Be ehgpaﬁpléfﬁfr we ﬁﬁ@k?éﬁa‘%&o& gcuit 10

and the input of I er . he out put device 20 is
al so cor’fh%c"cié‘ﬂ‘ﬁt%l?ﬁé dyieillgvii té‘*tﬂ?f’%’é‘t‘f&?'&ilydé?ﬂr%éeszzl:* ade 1but put si gnal of
the thresidd dhéleicper 22gwaniéevallSot Whe idnpeifieekrd switches 23 and 24. The

positive ang,iggggg é‘t WQO%EP@%Q?%]_E%@ nal sé:(?gieahglr I | frer 10 are

conflect ed t erm n EREPNEIT of the switch
24 respdEiving| the rransducerognit @nm cﬂhetmlﬁﬁercmn@manﬁseﬂmshovm t he

a{rﬁl i fi %f:eft:ﬁ(i&hé&e%m 1presk Eiemerxnfﬁmky:ovekéaaﬁeﬁhé Eﬂlﬂt and [ERR][ ERg]nd ig t he
ot ner ItLon O e SWIC e po VOl t,.ages _ar e an
Tt R R L B P N
suf fici davideo2@iabioanged bptieesi reallomft & dofr eh]ummflﬁet @drédRR] on input 4
fthe anpld f;h@rinsa%%@';mﬁ#ﬁrbfo arfgi.é fthﬂatV"h b&ua, ﬁi%rrtlon when it has

the maxi mum attal n S i xe voltage S2 is
sel ect edeﬁfebéojiﬁsfl?ufﬁ?qnél“-éﬁ te otheninpug o 4 PFHGFh%dgﬁﬂ‘licefzza frequency
above f Znhoroutpytiilsigndlf of the atitksid1dar dedice 220 E6dtirbls3 tho be anplified without

di stor U RueiGUEly WORNNLY HA25d B8, THKL T ALLALBARLE. aPp! [ Lude. 10 viiew of

t he frequency response o mean sum ng these two
maxi rrumPaVQla'ﬁnmilYetmmﬂweléstharenptlhéiegah%,arf- me¢ﬁ§dgtoeat er than [ERR],

theyy at izermwe&ntﬁmm@a{ peSRANgi dadniddlt e ch@ld@edicbyeen the levels in the
frequenc 20 bel ow [ ERR]. ,and aboqve [ ERR]

resp se, of t filter '
respect i* é%? t¥#Ten ‘beoﬁg%Pth?rgsb%Ggi?‘&e?#é’ prdb Ghethym r@eponse curve 6
or 6' i nmﬁigmee vkceiﬁhe fixed siwkd-siable voltaghe #shr ashesg, dediime 22 i s chosen

to be eqHalorh@r t3G1IRE S The At ORR! tne Bl Blphi) S Uhgust are
+S7 and -S2. The value of the fixed voltage S; is selected to be
20 Just sufficient to enable an input signal of a frequency below f3
on input 4 of the amplifier circuit 3 to be amplified without
distortion when it has the maximum attainable amplitude. The value.
of the fixed voltage Sy is selected to be just sufficlent to enable
an input signal of a frequency above fj on. input 4 of the ampli}ier
25 circuit 3 to be amplified without distortion, even when it has the
maximum attainable amplitudé. In view of the frequency:response of
filter 20 this means that, assuming these two maximum attainable
amplitudes are the same, S; is greater than sz; the ratio between
them corresponding to the ratio between the levels in the frequency
30 response of the filter 20 below £; and above f3 respectively,
which response corresponds to the frequency-respomse curve 6 or 6°'
in Figure 4. The threshold value of the threshold device 22 is
chosen to be equal to the maximum attainable level of the output
signal on the output 21 of the filter for frequencles above f. If
35  the actual level on output 21 is higher than said threshold value



t he act ual evel on output 21 is higher than said threshold val ue
out.put signal of the threshold device 22 is such that the swtches

24 are in the position showmn. The power-supply voltage applied to the:
anpllfler 10°'is then high ([ERR], [ERR]). IBhis happens only for 5|gnals of
f rieguenci es bel ow [ ERR] and of an'5 anpl i tude above the threshold val ue
of khe threshold device. |If the actual level on output 21 is |ower than
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amplifier circuit 3 employs a class-D amplifier. The input signal

t he

si ghal on the output 21 of the filter 'for frequenci es above [ERR] . @j
d:

is supplied to the non~inverting input of a diffgrential amplifier
20 30 via the input 4. The output of this ahplifie; is connected to
one input of a coﬁpafatot 31. The'other input of the comparator 31
is connected to a ramp generator 32 whose output signal is
preferably a trilangular signal of a high frequency; for example'
40 kBz. This defines the maximum frequency which is reproduceable
25 by the amplifier circuit 3, which ﬁill be approximately 2 to 4
kﬁz. This is adequate for an electro—acoustic transducer unit
? which 1s ‘intended for the reproduction of bass tones only (a
woofer). 1f high frequencies are to be reproduced by the amplifier

L2

circuit the output frequeﬁcy of the ramp generator must be

30 increased correspondingly. The comparator 31 compares the output
signal of the differential amplifier 30 with the output signal of
the ram@ generator 32 and supplies a (binary) output signal which
is high (logic "one") if the amplitude of the ramp signal is higher
than the output amplitude of the differentfal amplifier 30 and

35 ‘which is low (logic "zero") if the amplitude of the ramp signal is
smaller. The output signal of the comparator 31 is a signal which



is high (logic “one") if the anplitude of the ranp signal is higher than
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a | arge amplifier circuit. When a rising edge occurs in the output signal

20 of the comparator 31 transistor 39 is switched on and transistor 36

is switched off, so that a signal current then flows from the -

output 5 to the negative power-supply terminal (~) via transistor
39.

whose cut-off frequency corresponds to the highest frequency to be

As a result of the low-pass characteristic of the filter 40,

25  reproduced by the amplifier circuit, i.e. to 2 to & kHz, a

continuously varying signal is produced on the output 5, which

signal is an amplified replica of the input signal épplied to

terminals 4.

It is evident from.the foregoing that the two transistors 36

30 and 39 conduct altefnately. Moreover, care must be taken that they

cannot conduct simultaneously because this would result in a large

current from the positive power supply te:minal (+)'to the.negative

power-supply terminal (-) via transistors 36 and 39; which curreént

would destroy these transistors. In order to prevent this from

35  happening as a result of the turn—om and turn—off delay of. the



current fromthe positive pomer supply term-nal (+) to the negative
pomer-supply termnal (-) via transistors 36 and 39, which current
destroy these transistors. In order to prevent this from 35 happg
a result of the twurn-on and turn-off delay of the 15 transi stor
circuits 33 dnd 33" are provided, which circuits delay the falling-edg
and_t hus the switch-on nonents of transistg 36 relative to the switch-off
monent s of transistor 39, and the rising edges and hence the switch-on
nmonents-of transistor 5 39 relative to the switch-of f nonents of
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Curve 53 in Figure 8a s ficiency o nE fier 25 circuit of
Fig. 7 as a fund®ieh VB?’-‘{“I‘IeS"r‘éVa‘EﬁP?%i"GHF?mtmI hecfrangistoras 3apd 33 daph in
whi ch the rel at |s\teapuhmﬁ:aheaael(f¢r éihﬁ)léadsl e RRLicef thHeewhrlnghlwoald put

evel and the ROV SN o] BHELLsb BLAS SR ShONG IS oL LAl oI

and the ele I Cl enc n-el Be Vertt & THe “cutves 51
and 52 are incl ueeﬁe@,erranﬁememso%&m simedmds rZal ande Zp otsa cennested)\barpen

cl ass- B anpl i fi Qe output of ‘the amplifier circuit and earth, the junction po:lnt '

between the two impedances being coupled to the inverting input of
. the differentfal amplifier 30. The impedances Z; and Zy provide
20 frequency-dependent'negative feedback. Thus, the |
ffequency&dependence of ﬁhe amplifier cireuit; as shown in
Figure 4' is achieved in the same way as in the amplifier circudt
shown 1in Figure 5.
Curve 53 in Figure 8a shows the efficiency of the amplifier
_ 25 circuit.of Fig. 7 as a function of the relative output level.
_F _ . Figure 8a is a graph in which the relative output level u (the
. ' ratio between the actual output level and the maximum output level)
v is plotted'along the horizontal_exie and the electrical efficiency
n él along the vertical axis. The curves 51 and 52 are included
30 for comparison, and relate to a class-A and a class—B amplifier
respectively. It can be seen that the efficiency of a class-A
amplifier varies substantially as the square of the output level.
At maximum output level the efficiency is approximately 50%. The
efficiency of a class-B amplifier\is'directly proportional to the
35 output level. At maximum output level the efficiency is
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nc an th convent | onal cl ass
ds g}ear that the amplifier circuit of Fig. 6 exhibits, when

amplifier 10 is a class B amplifier and its output level lies in

y which is
a fixed

10 is a
er circuit
i.e. within

trical
arrpllfler

the range for which u< x, an'ele¢trical efficiency which is higher

than that of a conventional class B amplifier which has a fixed
supply voltage and is such as to be capable of producing'the same
maximum output level as is the amplifier circuit of Fig. 6. The
curve 57 in Fig. 8b relates to the'amplifier circuit of Fig. 6 when
amplifier 10 is a class A amplifier. It is clear that, in this |
case, the amplifier circuit exhibits, when its relative output
level lies in the range 59, i.e. within a higher level portion 59
of the range for which 0<£ u < x, an electrical efficiency which is
higher than that of a conventional class B amplifier which has a
fixed supply voltage and is such as to be capablé of producing the
same maximum output level as is the amplifier circuit of Fig. 6.
Although in this case the efficiency, when u > x, is lower than
that of the conventional class B amplifier there can still be an
improvement in overall efficiency comparéd with apparatuses

comprising a conventional class B amplifier and a transducer unit

&



30. fixed suppjy voltage and is such"as t'o be capabl e of producing the
same ,nmaxi mum out put level as is the anplifier circuit of Fig. 6. Athough
in.this case the efficiency, when u > x, is lower than that of t}

conventioenal class B anplifier there can gjill be an inprovenent overall
ef ficiency conpared with apparatuses 35 conprising a conventional class B
anpl-ifier and a transducer unit 17 having a quality factor of unity. A
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be increaseds  BRVEYEELy gmsram 3 By | £ ERURRGY 13"Hthhdd0ta BReh kGRS E

too far because If It were 25 I'nfluence_of” _various stray capaC| tances
woul d i ncrease 8¥RF ar?ﬁ‘jﬁ%%'lde'é"( GP‘P‘?’Gﬁe iMEPHe 18RI HRRESH gFARPatAd P th
anplifier circustanfand tlags® implABiexx asflng Hifined powdd Euﬁﬂyglsfeaume which is

capabl e of lines indicated by reference numerals 56 and 58. .

It was stated in the descriﬁtion'of'the class—D amplifier of

20 Figure 7 that the maximum frequen@y reproduceable by the amplifier
circuit is determined by the frequency of the ramp generator 32 and
that 1if highér frequencies are to be reproduced the frequency of -
the'ramp generaﬁor musﬁ be increased. Hoﬁever, the ramﬁ-signal
frequency should not be lncreased too far because if it were th;

25 influence of various stray capacitances would increase and a higher
distortion in the output signal of the amplifier circuit would
result.

An example of an amplifier circuit which is capable of
reproducing a lafger frequency'range is shown in Figure 9. The

30 amplifier circuit comprises two amplifiers 61 and 62 respective1y
which both ieceive the input signal. The transducer unit 2 is
arranged between the outputs of the two amplifiers. Amplifier 62
inverts the signal applied fo its input whereas amplifier 61 does
not. Amplifier 61 h#s a frequency response which is flat over the

35 entire frequency range to be reproduced (i.e. from around 20 Hz to

e - - . - . - e . e e g,



reproducing“a | arger frequency range is shown in Figure 9. The 30
anpl fFfier circuit conprises two anplifiers 61 and 62 respectiveély which
bot eive the input signal. The transducer unit 2 is arranged between
t-he Quiputs of the two anplifiers. Anmplifier 62 inverts the signal applied
Lo its |nput whereas anplifier 61 dees not. Anplifier 61 has a frequency
response which is flat over the 35 entire frequency range to be reproduced_‘;
(i.e. fromaround 20 Hz to 18 appr oxi. mateli/ see Figures 3 and 4). -~
Al i i ePPEERXEBAredY | fow- pResEiguras b ead iddri AMRhifier 62 hbas & f at a rate of
appr oxi ][rm&eipxsﬁ &B{:&tbaiésg:if:rﬂmﬁﬁ he.lu eu:aeacx g&%ﬁ agb#‘lﬁ@.mitﬁqyol)er at lng 5
rangeo t is t er ed to |ow frequencies a cl ass-.
ampPi %978?{% °§‘cfhaoefaeﬁef‘f‘?' éfe éﬁﬁe +8 WEFRHEE T g ‘%2 used for this
arrpl i fi ethe Emplifdgut62y &s fthevéfark Iimpeedafe dov| ERR]:emids [-'ERRS%DOUI d then be
sel e tedami@!@&.alae @esk%eraaﬁmcb@f@ew kS t1guMdI 7Cly Se Sukeh fdpat only

frequenci es | ower %ar\(;, % 4‘3‘ are re roduced t hereby. An _

anpl i fi eftifhuetif éﬁ\b‘r E’EFp;B‘F IeTisgabackathredpreesoly dad Zeoshouldyel mmy t hen

be used then méeseaepttedf E@rob6din aTImw-pzn“sbchanoerirsi:ié bid¢tivds aggahi fiers yiel ds
the freq C ow,ij .0 p necessary to L 3
drain si Eﬂ}i Xnﬁg\“ n'g’se?‘r:é%uenmregﬂa gé/qo?é%g? %’Ce E?‘fzrl-gig%édtso earth, so as to
precl ude“—l‘ﬁ'@bb]r aidi FpLEFiernuhasenpayRr  upgle Toltageghracks \Ata erpbtfier 62,

whi cfy 151evé&ﬁﬂ$yd 66 thei RYHdC£410 the mmﬁiliﬂbssﬂlpattttﬁncédbihﬂqloﬁr@d' fi erl 63 I'n
some cas the ou fier al ready include a
capaci to %\hwgha“\ ts&giteﬁﬁeyj’t&%a ttgeeéﬁa o P A O 163 T e s‘& ;"ho addi tional
capaci t oFi@@ei & r Gapaciter 6Bt1ss hecdsdate tnodmadntdignalshbavimgent i on i s not

limted epeduldfesdd abd¥ePEJ %Psfis)q_%sﬁéééﬂedsd Re A pEIROIRE: For exanple,
it is alternatively possible to enploy fransducer units which enpl oy

ri bbon- tgfﬁ;ngpguﬂgd Fsh1325 rgquency signals via amplifier 62, which
15 would contribute to a high dissipation in the amplifier 62. In

&

some cases the output circuit of the amplifier 62 will already
include a capacitor which 1s connected to earth. In such a case no
additional capacitor 63 is- required. ' ' '
It should be noted that the invention 1s not limited to the
20 apparatuses described in ‘the foregoing. For example, it s
alternatively possible to employ transducer units which employ

ribbon-type transducers.
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19 CLAIMS: 1. Apparatus for converting an+electric signal intg an acoustic
signal., which apparatus conprises an input termnal for an electric input
signal, an”el ectro-acoustic transducer unit, and an 5 anplitier ci

for dr|V| ‘ng the el ectro-acoustic transducer uni t m

has an input coupled to the input term nal%and an, uﬂmﬂﬂ'ﬂ"vﬂm '"E
elle_p;tro acoustic transducer unit, characterized in*hat then

el eqt_g)_ acoustic tr H§er unit has a quality factor which is smaller than

uni ty, and the anpli 10 - circuit has a voltage gain factor which
varies with frequencly- i APMI'PF@qlﬁ%@an%FﬁQQ 9t eehrie pignad fntegarncy, which

i's substanti al | yacl@s@de bfpoallg m&zoragp&raf:as% pedsedfad REpde! BESHHEE Fok Ninl
andasecondfre%enc ¥'vathF ove the first freg % t.his variation
with frequency, éﬁr’éa Wusal “Fitf&r%%%‘k"ﬁf%‘é?éﬁ 57 ﬁ‘g‘ gaity B AR a
form whi ch iss sulmplifilteratireut hefor Mirdving oOhe tela¢trofaddueticatratsdocer ex:p:r,éssed
n dB of (he oumuh fRYEs:eplcid hal SUGRur 511u51¥u 'th ¢naPipgk! BLERS

sai d frequency range he I_nput voltage a to sald trans cer
unit is constanta3nd2an QBERtaLERPIEL &‘i‘%&le‘?‘ﬁ%}“&“ﬁ?% tEangdugeTeMited in t hat
ti1e 20 anplif nﬁfarsureeméd L6 that SiheUeleRUrd-Acoudtiibi trandduckfasiit Via8Nai ts

out put signal |eye ' gher-| veI ort| QD of .a.ran out put
sggnal |evels whi'é crlliieyxt %%t S r%% j'z1ero ev“'f Whl (t:'ﬁ t|"hse g'%gu?gnt ially

| ess than t e nesdireuth bas mvolmagqaaiheiﬁsll:owrvhé@ vhelesnwithi feequencycdnta i s

capabl e of pr odur:aeaaencanrﬁgeqserws@.i aCfidgei &@qxe:?e'; wideh Cfy h&bslahm%mf han
that of a conventiopal c]l ass %&&I er éhé A has a fixed supply vol tage

and is such as t$fugb rt?aﬁhoﬁjlrés?ﬂ“b 5y ¢ Fransfaeet i bu el si gnal
| evel -as i s sai (eezbpd ifregiency rvhdich .1i8s ahpparthe uklras ﬁrleqmegl, ithi&€l aim 1 or

2, characteri Zedva!r!i!%et n w:‘.éﬂa%retqﬂ@n Oaééﬂehysiﬁ A\% n 95«::%@‘31 g:tersgaé“iﬂuﬁ .

transducer unit aratus as C
3, charact er'fzedaving WaF"%Eh%ﬁ‘}all? tsyb?“e?@f:b?nWst%EB‘ta&ﬁ?l‘ﬁl Fhatpofy ths

Appar atus as cl ajdtgetion, @xpirsaskdoin 3B, tdFeid eatpud- ﬁ&.ﬁuS&ﬂ @:hBEtranécfanSdUCer
unit being an el egtr t%c]c.) S grtransdklcer

equency

:chle cf%equency ra(tjxge when the :l.nput

voltage amplitude to said transducer unit is constant.
2. Apparatus as claimed in Claim 1, characterized in that the

20 amplifier circuit 1s constructed to exhibit, at least when its
output signal level lies in a higher—ievel portion of a range of
output signal leveis which extends from zero to a level which is
substantially less than the maximum output signal level which the
amplifier circuit is capéble of producing, an electrical efficiency

25 which 1s higher than that of a conventional class B amplifier which
has.a fixed supply voitage'and is such as to be capablé of

O ' producing the same maximum output signal level as is said amplifier
v circuit:_ .
é‘ 3. Apparatus as claimed in Claim 1 or 2, characterized in

30 that the quality factor of the electro-acoustic transducer unit is
between 0.2 and 0.8. ' :
4, Apparatus as claimed in Claim 3, characterized in that the
quality factor is substantially 0.4. - '
5. Apparatus as claimed in Claim 1 or 2, the electro~acoustic

35 transducer unit being an electro—acoustic transducer accommodated



in a bass-reflex cabinet, characteri-zed 4 n_that the guatity Tactor of the
. electro-acoustic transducer unit is between 0.1 and O. (1 § parat us as =
Ll

pdh in Claimb, characterl zed in that thg‘m\ ‘“
dtantially 0.3. 5 Agaratus a yprecedlng
v

haracterized in that the tage gain *f att or of sai d anpl.ifier
circuit in a frequency range below said first frequency is substanti alng%

constant 191, 4e6I-2aPRY WiileloChEANBOLLECONEAGY (A0 JRLIG ELagappr oxi il el

saldflrst uency Appar atus as cl aim?2, or”
any of CPhithe eFEV%‘éﬁF‘épﬁféﬁﬁ‘Bﬁ#d‘“éFa‘r%P??“@ﬁaﬂ Acend Pxed in that the
anplifier cibcuitppitatudnusObidlnbd StnAgRaihh®, RAYRIctetizREYid @navhitgd i s switched

dn and oé&augyafaggéé q%psubng?nqq ngré n dependence upon the anplifier drive
us

| evel . aimed in Claim8, characterized in that
the smnplifielsi s&paawaSSaSchatpeﬂ fineany pBecedppm Claim eckarskwentged in Cl ai m 2,

or in any, thaaaqbnaoﬁag@ gziﬂmB:&pepryL&d &ﬂlﬁﬁk@@rcu@@@ﬁa&te” zed in that
said anplLifier circui whose gomer-supply vol t age

e e eliheny
depends 2HPIUeRH A% ? ghtiet ERRImeRyY fASuRRtARtEAYY 11, Apparat us
f or conveedsitagt am dsdoe‘etsescweuhgnedreamnm &requencysbh (godhngrfabm substantially as

descri begpg}ggﬂ&ewts}gﬂegieggr}ggqiegc}he draw ngs. 25 30 35
n 8. Apparatus as claimed in Claim 2, or in any of Claims 3 to

¥

7 when.gppended to Claim 2, characterized in that the amplifier
circuit:has:ah output stage the power supply to which is switched
on and off in a periodic manner and in depeundence upen the
amplifier drive level.

15 9. Apparatus as claimed in Claim 8, characterized in that the
amplifier is a class-D amplifier.

10. Apparatus as claimed in Claim 2, or in any of Cleims_3 to

7 when appended to Claim 2, characterized in that said amplifier
circuit comprises an amplifier whose power—-supply voltage depends

20  on the output signal level of the amplifier. | .

' 11l. Apparatus for converting an electric signal into an

acoustic signal substantially as described herein with reference

to the drawings. .
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