Conpander “wi th varying characteristics The invention relates to a circuit (Eéz/
for automatic gonpression and/ or expansion of electrical signals. Such a
circuit is*known as a conpander. The block circuit diagramof such a
conpander is illustrated in the article "Der Tel efunken-Konmpander” in the
journal "Rundfunktechnische Mtteilurpgen", Year 22 (1078), Volune 2,

di agram 13 ,and descri bed in paragraph 4.2. Since this conpander effects a
wirdeéband treatnent of the signals, a conpatible reproduction of gr ao&ﬁi 95

whi ch e.g. have been effected with a conpressor according to tth i rg

band procedure.is not possible, For the recording and reproduction of LF
performances by this procedure a conpl ete change-over of the conpander

coul d i ndeed be effected, so that the paraneters introduced for a known
sliding band procedure are accurately retained; the change- over woul d

however be too expensive. It is an object of the present invention tao .
modi fy a known circuit so that sliding band paraneters may sel ectively be
obtai ned so accurately that remaining -2- deviations fromideal

behavi our cannot be-noticed. According to the present invention there is

provi ded a circuCombandax ernth oradpiag cclearae bssisbiasd/ or expansi on

The invention relates to a circuit for au;omatic
'compfession ;nd/or expanéion of eiéctrical signals. Such
a circuit is.known as é compander, g
| | Tﬁe'ﬁlock circuit diagram of such a compénder is
illustfated intthé article "Der Telefunkén-Kompander" in
the.jourﬁal "RUndfantechnisché Mitteilungen", Year 22
(1078), Volﬁme 2, diagram 13 and described in paragraph
4,2. Since this compander effects a wideband treaﬁmeﬁt of the
signal#,.a compatible_feprdduction of fecordiﬁgs which
) e.g. Have been.effecﬁéd with a cém?resSof according to the
siidiﬁé baﬁd procedure is ﬁot_#os#ible,. For the recording -
and reproduction of LF performances.Sy #his procedure a
completé ﬁhangé-dvér of tﬁé compander could indeed be
.effected, so that tHe péfameters iﬁtroduced.fér'a known ”
-sliding baﬁd procédure afe.aCCurately retainéd; thelchange-.
over Qould however bé too exﬁénsive.. |
It is an object of the present inygntion to
-modify a known circﬁit so that sliding band parameters may

selectively be obtained so accurately that remaining



er for varying the transfer characteristic in the signal path and a

ofel ectri cal signals having a signal path, including a first_adjueféble
(E%}pass circuit, and a branch pat®-including a second adjustable menber

: varylng the transfer characteristic in the branch pat h,” the branch path
serving €& agddﬁt¥6?a oPEBRYI QKT cRaNBokppe 83ti6entrol i nputs of

the first and second adj ust abl e nenbers, wherein the first adjustable
menber. constLﬁqﬂaxdxngtt@ftbecpnesehtabheehtghpasbecera6|prdﬂmddd @ ting -’
frequency . of which is of the order of magnitude of the limting frequency

of the|<@M¥Eﬁiﬂ”ﬁd¥“éut£ﬁ&t§@|@?ﬁéﬁ@ccbaﬁﬁréngﬁﬁrah@W@ﬁ'@%pHﬁ%ﬁ%ﬁierlStlc
of a w de-band conpander to that of a sliding-band conpander, the '

control | gl & &{Wé{] “Sifals TRy DAL SN LERAE1 DBLERSN sHHa iR Second

configurations smntc d conPi guration, a capaci §r may be
connecte |n se £es vmgﬁ t he flrsg ust abl e genber preferred
enbodi ne ® TeRHRAT 6 ﬁthB& f8ed&TersEEF by way of

exanpl es mnth reference to -2- deviations fromideal behaviour cannot be
noti ced. cAeowcHenistic him prheesignalepatbn andre ilowspasisded rauditrcuit for
automati c dynam c conpressi on and/or expansion of electrical signals having
a signal apat la Bvardhlipgtia including a second adjustable member for
varying the“transfer characteristie'in the branch path, the
branch path servxng to.provxde a control voltage whlchlls.
applled to control 1nputs of the flrst and second adJustable
members, whereln the first adJustable member constltutes
part of.a controllable hlghpass C1rcu1t, the lim1t1ng
frequency of whxch is of the order of magnltude of the llmltlng
frequency of the lowpess c1rcu1t. '

For selective changing over from the characteristic.of a
wideetand compender to that of.a siiding-band'compander, the
.controllable nignpaes circuttlmay bé switched between first
and second_configurations; |

In the second switched configuration, a capacitor
may be connected in sevies w1th the flrst adJustable member.

A preferred embodlment of the present 1nventlon will

now be descrlbed by way of examples wlth_reference to



first adjustable nenber for varying the transfer characteristic in the
Si | path and a |lowpass circuit, and a branch path including a second
adj.d3t abl e nenber for varying the t¥Znsfer characteristic in the branch ;
pat-#, the branch_path serving to provide a control, voltage ich is applied %
to controld¥iparions EFOm | %uﬁ?@ﬁ%kﬁﬁFaﬁ?ﬁg?ﬁbpﬁ ﬂ@ﬁggFér wherein the 3
first adjustable nenber constitutes part of a controll abl e hi ghpass
circuit, the |Aatbirdgolr dguarhey ppfesdntthingentionhetbeder isf prayidedde of
the limting frequency of the |owpass circuit. For selective changing over
~fromthe charagter ifsk autiont tildadyredi € copmpees siont Aad/of axpkinditog- band
conpander, the controll able highpass circuit may be switched between first
and secon opfh| I4QNSs3 t §$§€§ S d fi '
capacitorq?rgyg gggg%%ggtgééﬁ%%%??es E%\%%%ﬁéFrg%egajgg%gngaée%ber. A
preferred gpbodi nent of .t.the present_invention wll pow be described by way
of exanpl e lﬁPthﬁéPéﬁéaﬁf éie?&f?ﬁev%f%ﬁﬂ%gkb?ngrﬁpﬁifﬁg. Firstly the
operating node will be considered in which coupled switches 13,14 and 28
are in thechaspereriskden in thaisignak pakhciaedi 8 bperages &d rsulitdeband
conpander. For treating the signals in the sense of a conpression the

and a branch path including a second adjustable member for

varying the transfer characteristic in the branch path, the
branch path serving to provide a control voltage which is
applied to control inputs of the first and second adjustable
members, wherein the first adjustable.meﬁber constitutés

part of a controllable highpass circuit,.the limiting
frequency of which is of the owder of magnitude bf the limiting
frequency of ghe lowpass circuit,

For selective changing over frém the characteristic of a
wide-band compander to that of a sliding-band compander, the
controllable highpass circuit may be switched between first
and second configurations.

In the second switched configuration, a capacitor
may be connectéd in series with the first adjustable member.

A preferred embodiment of the present invention will

now be described by way of examples with reference to



switch 7 is closed. The path for the useful signals then |eads from an _Oéga
input termnal 1 via the non-inverting input 3 of an anplifier 2 to the

output 5 of the anplifier and thence to an output termnal 37 at which the’
conpressed signals can be taken off.. The anplifier 2 has its output 5

coupl ed by a negative feedback pathi{)its I nverting input 4. The feedback
path includes the series circuit conprising a danping nenber 8, a highpass

9%.ca controlLﬁble resi stor, 10,, an.nverter 16 and a | owpass cir- cuit

havi ng the cFREURECEMBABNLE&GAYING . For obtaining the control voltage for

the adjusting nmenber. of the controllable resistor 10 a branch path having a
simlar adjustingFizstdy sbe opsraking modmmevicbinhe saems sdeFedsinrwhieh to
t he branch path fromthe output of the highpass.9 and pass via an inverting
anplifier arcempéednswi®ches3d,d4 mndlidarsLinfthdipoabpioni shownd

thence via a highpass 35 to a rectifier 36. The control voltage obtainable

at the out pufnothili sasectthid @idcuidPRigErhtds @t obidépanhd ddmpanderand
31 of the adjusting nmenbers 10 and 30. Since during conpression the

0L, PR RPNl 4y O Wt ) # Bt T

and the adJ”?&kE%h”?”?%rci%SQH? b_lé(ﬁggﬂ(¥éfmkﬂé]&£§2u1 signals then

leads from an input terminal 1 via the non-inverting input

3 Qf an amplifier 2 to the output 5.of the:amplifie; aﬁd.thence
to én output terminal 37 at whiéh.t;he compressed signals

can be taken off.” The amplifier 2 has its output 5

' coﬁpied'bﬁ a negative feedback path to its inverting
input Aﬂ_ The feedback path includes the series
circuit comprising a.damping mgﬁbef 8, a highp;ss-9,

_“é con£¥ollable resistor 10, an inve?ter 16 and a lowpass cir-
cuit having the circuit elements 20 to 26; For obtaining the
'contrél voltage for the adjusting member_of_ﬁhe -
"controllable resistor 10 a brangh path haviﬁg a éiﬁilar
adjusting member 30 is provided:. The compressed_signals are
fed to.thé.branch path froﬁ the.output.of the.highpéss 9 apd

| pass.vié an inverting ampiifier arrangement 30,32,38_

Eo ﬁh;_bﬁtpuﬁ 34 of ghis amplifier and.thence via a highpass
35 to a.rectifier 36; The cqﬁtrol voltage obtainable at the

output of this rectifier is applied to control input$ 11



- .same manner, the dynam c range of a useful signal applied to the ihpdf-
termnal 1 is regulated after the anplifier 2 to half:the dynam c val ue,
.“s at the input of the rectifier 36 is regulated to the dynam c value 0

Ay 1 f the switch 7 is opened to change over to the "expansi on” node of

0 ation, the circuit elenents |located in the negative feedback path for

¥ "conpression" node of operati&n are now |l ocated in the signal path. ~
The expanded signals can be taken off at an output term nal 29. The
anplifier Zarddhs3t hefcohetadfjuanphif membiears 10" aghde 300 t [Birwevi sion of a
negati ve feedback resistor 6 between its output 5 and its inverting input

4. I'n the heXaRpStQproRsish BHeRAGUBLI At BRnbINAI degbdatdye branch
path are regulated to the stationary value 0 dB. Since, however, in

cont st { Q.10 GRPLAShERE! SERRRLHAEN"D A-IRH LTS 0 hadtre o e
Ioan expandieffRATkraath SReCBrqARPIAELET Hne ARGy AUIMRALNS SARRSE T or
mat ching the level of the 5. the output signals.of the anplifier 2 to
t he controllQ and thetadjvshing| memberr ddi amwer doth amntamllad tire the put
~side this lowering of level is raised again by the anplification. _
same manner, the dynamic range of a useful signal applied
to thé input terminal 1 is regulated:afﬁér the émplifier
2 to half the dynamic value, and at the input of the
rectifier 36 is reguléted to the dynamiélvalue 0 dB;
1f ﬁhe switch 7 is openédfto changé'ovérjto the
."expénsién" mode of operation, the'éiféﬁit elements located
in the negati&é feedback path for the "compfés§ion"'mode
of opératioﬁ are now located in the.signal §éth; The
expandéd signals'can be takeﬁ off at'aﬁ outﬁﬁt ter§ihAi
29, The amplifief 2 has the constant amplifigééion_"i"~due to
the provision of a'hegétiVe féedbéck resiétdf‘Bibeﬁﬁeeh its
output 5 and'its'inverting input 4, In.the-"exﬁansiOn"
operating.mode'also the signals fed ﬁo the'branéhipéﬁh are
fegulated to the.éﬁaﬁionéryIValue 6 dé; _Sin;é, howevér, in
contrast to.the controllable resistor. 30 in thé:bfaﬁcﬁ path
the controllable résistof 10 in'the,signal ééﬁh is in-sefies in -
relation to the uséful.éighélé, with the'same_control.of the
controlliable resistors 30, 10féh'e£pansion occUrs.in the

signal path.

The damping member 8 serves for matching the level of the

e



t:

of the anplifiers 16 and 21. The highpass 9 as well as the highpass 35 have /
the task of effecting a reduction of |evel for high frequencies, in order

to avoid tdpe over-loading effects isn nagnetic tape recording. The o
anplifier 21 has a | owpass character ‘owing to its external connections. In -
t he conpression! operating node this |lowpass is located in the negative

f eedback path of the anplifier 2, so that the circuit as a whole operates

ashd hi ghpasie rpgtt 8l8Releohr fhRgemeld fdr 1t He Yo £QNGRAY (Tange
conpression and for. expansion, pre- enphasis is effected during

"conpr essi ond £ aphle decrhphatabldurendstexsadd emd 30hi s Gt dihd Surpfarside

to the band imt shift in accordance with the sliding band procedure.

Wth the cirgnié deserihRgdofhoeeuer ist hailsled taighd o MRAUMREiffp 18I FLdd eesh
For changi ng over the arrangenent to a different conpander characteristic,

the coupl'ed si {ghesntBs e14-ande28.a 9107 O4glat ik ddie P9 Loty el hown:

i.e. switches 1 are Cl ose swi tch -opened. ere Tesults
Seri o5 i th EHEIRRPRCEPnGSHENBEE TOSk GSnEIaIING 17 JIRSASE b ok dea
The hi ghpass function is Iimted in the direction of |ow frequencies by a
resi stor 12 forpaighl Ereqguehctiks,adpusirider to &vaiskitsipe kveandlaading
condenser 15. The connection of a conden- ser 27 in parallel with the
condenser 26efféeasyifif @agAktic tape recording. The amplifier 21 has a
1owpés$ character dwing-to its external connectioné. Ip the
"compression" bperating mode this lowpass is iocated'ih-the
negative feedback.pgth'of thé amplifier.Z, so that the circuit
as a whole operates as a higﬁpéss; Owing to the re-arrangement
of the lowpass circuit for compfession and for expaﬁsion, pre-
 emphasis is effected during "compression" ahd‘de-emphASis during
"expansion'. This step is comparable to the baﬁdhlimit.shift
in accordance with the sliding band'pro;edufe. 'Wiﬁh'the circuit
described, however, Ehe limiting fréquencieé are fixed.

For changing over the arrangement to a différent compander
characteristié,.the coupled switches 13, 14 and 28 are broug@t
intb the position not shbﬁn; i.e. switches 13 and ?8 are clbsed

"and switch 14 is opened. Thére:results the most impdrtant
feature that by the inciuéidh of a condenser 15'in.se¥ies with
the adjusting member 10 é:éontrollable highpasé is provided.
The highpass function-is.limited in the direction of low

freqﬁencies by a resistor 12 in parallel with the adjusting



{ di ng band paraneters. The limting frequencies of the | owass circuit
.28 and of the highpass circuit 10...15 are of the sane order of
igni t ude. The actions of the two circuits are thus oppositely directed. By
varying the adjust- ing nmenber 10gthere is effected a shift of .the limting
frequency as well as a change of the anplification in the upper frequency ~,
range. In.contrast to the sliding band procedure, 'homever here only one v’

limting frequ ered |fts ‘th refor take ace
in particdiSy sg:r?é%t]r |ar? g?}b?lsc%?g?ﬂgggl ﬁ;ﬁm s eH8\?/B5’§F

errors are not_noticeable in practice, in direct A-B conparlson mnth an
accur at el pedp&atihgarakiel BhHy thecepndenses, 28 adasady- Prssentheck
shows that tolerances within a - 3 dB field can be attained It is. worth
noti ng thatepr@sdrtes cmtaddiofondk ﬁdanafenghaenhesikﬁsibpthﬁmabﬁw&ching
arrangenent the sane voltage generator is used as in the "w deband” node of

oper at i on.olftike igl PSR BdhAPPALahets Ly, Of Taaelm(ihhgatfrtea%e@{c%@ Jgth

wthits adjustlng nenber and the control vol t-age generator operates as a

thetype § %Sf%%é#sesfé%?%%é%?% "TOER B BF ARG SRS, IREREY S

vol t age.

"-presents an additional feature that assists optimal matching to the
'Eib

are of the same order of magnitude: The actions of the two
cireuits are thusqupositely directed;._By Qarying the adjust-

ing ﬁember.lo there is effected a éhift_9f che limiciﬁg-
frecuency as well as a change of the amplification in the upper
_frequency'?ange. In contrast to thehsliding'band,procedure, |
hcweve;, here only one limiting frecuency-is altered. The
amplitude shifts therefore take place:in particular spectral

.regions of the signals. However, :heee freqcency errors.are
not noticeable in practice, in direct A-B comﬁarison with aﬁ
accurately operating sliding band circuit..-Aleo, a measure-

- ment check shows that tolerances within a x 3 dﬁ field can be

' attained . | |

It is worth noting that er the coﬁtrol_of the adjuating.

P T S .

memberelo in the above arrangement ;he_Same_voltage.generator
is used as in the "wideband" mode of operation. This is based
on.appreCLatlon of the fact that the branch path with its
adjusting member and the control voltage generator operates
as a negative feedback rectifier and hence as a circuit which,
independently of the type of signal, represents a reproducible

quantity for the alternating voltage,



< @« = ¢

Wth the above arrangenent, anplifiers, adjusting nenbers and
frequency-dependent netwerks already present are utilised in an

advant ageous manner. The principle of operation of the above circuit
depends essentially on the fact that the influencing of the frequency of a
| owpass -circuit. with fixed limting frequency is partially conpensated by a
contfol - |able highpass filter of variable limting frequency in accord-
afee with useful signals. As conpared with an exact treatnent of the LF
signals by a-sli diWigtlbarile cabowet arthegabene , campliif ilenrdsedddifseding an
anplitude shift of individual parts of the spectrum it has been found in
practice, howlerd NAld t PFESQUEAGRIERSSAPENETAOE WO Rk S Q%eaeg' P%Qsent are
Moreover, with a critical treatnent of these transm ssion erfofs account
nmust be taken_af,.d fact_th t L.rensianed. . nstd uct ed
sliding band%ﬁ%%i#‘jéﬁﬁé%%sg%%gg g%%#ﬁgegéﬁPg%‘of§B§r§g;%?qpﬁ% ?Eéctrum
even if a magnetic tape storage device giyes rise to a peak error betwee

the conpress@PIRAGIRN spfnthe aARCYReCLEpUREcRePRBdE &5§eRtIadtivhP™e e et
different types of tape. The above arrangenent provides a possible way

of changi ng (Pdwstthedinfldeneirg ofetheofyeguencynpdt ibllewpass circuit with
Dol by/ r epr oducti on. 8. CLAIMS 1. A circuit for automatic dynamc
conpressi on &iked limiting frequency is partially compensated by a control-

_lablg highpass filter of variable limiting frequency in accord-
an;é with ﬁseful signais. As compared with an exact treatment
of the LF signals by a sliding band.ci:cuit, the above circuit
indeed efﬁects an amplitude shift of individual parts of the
spectrum; it has been found in practice, however,_that these
transmission errors are not noticed. Moreovgr,_with a critical
treatment of these transmiésioﬁ_er?prslagcount must be taken
of the fact that an accurately dimensioned énd_constructed
sliding band ;ircuitleffects an.amplitude.shift_of parps of the
spectrum =ven if a magnetic tape storage'device gives rise to
a peak error betweén thg.compressor.output_signal and the
expander input signal,.owing:e.g. to diffgren; types of'tape.
- The .abov.e a.rrax_lgement_'é:vrgv:ides a possiBle_way of. changing.

" over to‘quasi-compatible-Dolbylreproductiop.



n5| on of electrical signals having a sigmaf—path, tncluding a first

hd ustable menber for varying ttm%transfer t he signa

path and a | owpass circuit, and a branch pgﬂgmﬂmﬂn nnm“econd ‘

adj ust abl.e nenber for varying the transfer eristic 1*n the branch

pat h, thEEﬂEEECh path serving to provide a control voltage which is applied

t trol t m &?xqgl?f.jé th —~_
f?rg?nag?ustg %ge$q%%h§?¥tute§ﬁ€ar a CdﬂP#EFFEEFGQﬁléﬁQSLEIn © f,”
circuit t he I|n1t| of mhl s of the r de ni tude of

t he |Iﬁ1FFR&nF#€aheﬁ Qﬁe(héigg%wﬁﬁﬁp ?6@?Y1n§ si ic agcordlng to

claimZ, wherein, for_ selective changing over from the characterlstlc of a
wi de- bandnedngingea tfinste ashinskakle grember for| varyingakbecsnpnsfer, the
control - |able highpass circuit may be'switched between first and second
respect i chagarftegdirsatiiconin the sigmal cpathasndrdi bowépaskacirguditgrein, in
the second switched configuration.of the controllable highpass circuit, a
4.

first capgel WObahctOMIAH Cthd Tudid °8 $hdondNBakiusehbadl Haipll-e cgpber

A circuit according to claim3 wherein, in order e hi ghpass

function_at l.ow f enC| the atl n of the
controf | YBFY R, e A | dh4nke €66 S?’sccbﬁ“t%?eﬁrﬁﬁgﬁ o R che”
series c%nnec i on

ranch path serving to provide a control voltage Wthh is

'applﬁed to control inputs of the first-and_second adjustable

members, wherein the first adjustable member constitutes

-y ¢ .

part of a'dontroliable highﬁaés'cifcuit; tﬁe_iidifiﬁg

| frequeﬁey ofhwhiCh is of the order of magnitude of the limiting -
frequencyvof:the iOWpass circuit, | | |
2; : A.circuit according'tp'cleim ii wherein, for'eéieetive

" changing over from thetchéraceériétie:efaa:ﬁide—hand eempander
to the characteristic of a siidihgéband'COmpaﬁdef; thefcehﬁrole
lable highpess cirEutt”may be'SﬁiﬁChed between firse and
second respective configurations. | |

3. A circuit accdrding to elaim 2:whereiﬁ; in~the second

L

#  switched configuration.of the controllable highpass circuit,

L3

e'first capacitor is_tonnééted in series with the first
adjustable member. |
4, A circuit according to claim 3 wherein, in order to

limit the highpass function at low frequeneies, in the second



of the first adjustable nenber and the flrst capacitor~—5___ A circuit
according to cl.aim2 wherein the | owpass circui ncludes a first | owpass
circuit cap‘acitor and, in order to reduce the Lﬂ ”m;'nmﬂfﬂﬂmy of the .
| owpass circuit in the second swi tched confi gur rol | abl e
hi gh- . pass circuit, a second | owpass%ircuit capaC|tor i & cdnnécted in
pq;gllel wiih the flrst | owpass circuit capacitor. 6. A.circuit
aceording to any of the recedln cl ai_ms , wher ei n ntrol voltage
generator is seLECRed EARELEVTRE PPy &F " Hecanty W highnass RiTeuLE
and second switched configuration of the controllable highpass circuit. 7.
A circuit foraanesiatdec tsnpresscordaity pareldelsivirtivftie errienlceinget son
substantially as herein described with reference to the acconpanying

drawi ng. The gexthef fikerspagukicadlicomeide hes Y aiuaad dupaioi@EOPYi ng
t he applicants original typescript. It may contain a rew anendnents

which are difgicult jo. E?gglt ‘gp_ ol I%n@o 1A' %q_%ﬁrg x4 %ﬁ@glg‘pgggs

anendnent s may” be i nspéc e proim ses o ce

circuit includes a first lowpass circuit capacitor, and, in
order to reduce the limiting frequency of the lowpass circuit
in the second switched configuration of the controllable high-

pass circuit, a second lowpass circuit capacitor is connected

g _ in parallel with the first lowpass circuit capacitor.

PAE S

6. A circuit according to any of the preceding claims
wherein a common control vbltage generatbr is used to control
the firs; adjusting member in both the first and secon&.switched
configuraﬁion of the controllable highpass.circuit;

7. A circuié for automatic_compfessioh and/or.expénsion

of electrical signéls substantially as herein déscfibed with

reference to the accompanying drawing.

The text of the specification has been reprodueed b, d.nal
y photocopying the applicants ori

typescript. It oay contain a few amendnents which are difficult to read., The original

typeacript containing these amendments may he inspected on the premises of the Patent Office



