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A CIRCDF? FOR "COVPRESSI ON. OR EXPANSI ON OF AN ELECTRI CAL S| GNAL The <i

invent?en relates to a circuit f.or conpressi o nor expansion of.an : ’

el ectrical signal. Conmpanders are used to inprove the signal-to- ndg\ 5@1\‘0‘3

during signal transm ssion across |ong distances and during signal storage.

The node -of operation consists of raising or enphasizing weak signals in

terms of their |evel before transm ssion of storage and in |owering or de-

enphasi zing them after transm ssion or reproduction. Thus interference

signals also on the transm ssion paths are also | owered or de-enphasized.

Moreover, interference signals may be obscured by useful signals to a

greater or |esser extent. This obscuring or masking effect is a :

physi ol ogi cal phenomenon and depends on how nmuch the useful signal and the

interference signal differ in frequency fromeach other. Therefore it is

advi sabl e to subdivide the | ow frequency spectrun1|nto several frequency

sel ective channels and to control tiy sion factor in

2. these channels only in depe &i§§aﬁ$}ﬁa§lﬁﬁﬁéﬂ al s occurrlng _

therein. A masking effect whildyEAdi & 56 Sk G AL,

pur peses. nay be achi eved wi t:h four frequency selectlve channel s. For semi -
- The invention relates to a circuit for compression or

n
o S

expansion of an electrical.signalf
Compenders aﬁe used to improve the signal-to-noise
ratio during signa; transmission across long distaﬁeee
- and during signal storage. 'The mode of operation consists of
'raising or emphasizing weak s1gnals in terms of their level
before transmission or storage and in'lewering or_de--
emphasizing them afte:;transﬁiseion or reproeuction. .Thus
interference signels_alsd'on the transmiseioh ﬁaths are'.
also lowered or de-emphasized. 'Mofeover, inferference'
signals may be obscured by useful signais to a_greater or
lesser exteﬁta 'This obseuring or maskiné effect ie a
physiological phenomenon and depends on how much the useful
51gna1 and the interference 51gna1 differ in frequency from
eachlother.' Therefore ic is advisable to subdivide the
low frequency spectrum into several'frequency selective

chammels and to control the effective transmission factor in
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érofea&ional and consuner purposes, a |lower cost is desirable. Considering (Zgé
“fhat #g cost is approximately .proportional to the nunber of channels the
restriction to two channels is sensible for sem -professional purposes.
kowever, it has proved that one such conpander -which was conceived

according to the principles of a 2our- channel conpander - with the

exception of the crossover frequencies - already has a noise effect in the

case of certain extrene signal performance, e.g. strong_spectrally pure

signal's ithesr harnabscon gen'depen@emeﬁe%ng&}ei wssfudnsigpalsocess t hese
signals free of noise then the crossover frequency of the two conpander
channel s oxatielr g | therein, Hoemaskinfi effestl which wobddobeabl e noi se
charac- - teristics in the descant range. According to a first aspect of

the preseqies {Ueaht OfokNSESTRSEsROANL IplrBoseuPARYCheChER veROTP! I SI NG at

| east two frequency c containihg adjusting elenents as effective

transm ssion factor.controlling,neans, apd.a conbiging circuit - for the
out put cﬁwﬁéhe %%5n§¥§?u5ﬂ?¥ f%%e?gigF Fﬁﬁﬁﬁsﬁéy cﬁgﬁnéﬁméEWprising nmeans
for ~enphasi si ng hi gher frequency signals during_conpression of electrical

si gnal s, REFRFesSsional napdconsunerRYFRIPSBngahgWEr £PS&§uency signal s
during FrL '

is_desi:able.' Considering.thgtnthe cost is approximately
proportional to the number of channels the re#trictidn to
tﬁo.channels is sensible for semi-professional'pufﬁbseé.

| waever, it has proved. that one such compandér,‘whiéh'_ 

was conceived according to the principles of a four-

fchannel éémpandet - with tﬁe exception of the

'ﬁrossovér fzéqﬁencies - alteady;has a noise effect in the -
~case Sf certain extreme signal performance,.e.g. strﬁng
spectrally pure signals in the base note range. If it were
~only important to proceSs these signals free of noise then
‘the crossover frequeﬁcy of theltwo compander channels could

be lowered. However, this results in unfavourable noise charace -

'~ teristics in the descant range.

According to a first aspect of the present invention'
there is provided a compander circuit comprising at least two
frequency channels containing adjusting elements as effective
transmission factor controlling means, and a combining-cifcuit

""" for the output of the channels, only the lower frequency
channel comprising means for emphasising higher frequency

- signals during compression of électrical.signéls, and




enph_\Lsing hi gher frequency signals and -the neans for de-enphasising
higherJTrequency signals are constituted by a.single network. During
conpression of electrical signals said network may be arranged in a
negative feedback path between an out put and an inverting input of a
differentidl anplifier and during expansion of electrical signals said
network may be arranged jn a gignal, pa ies with said dif i al -
ol V1K er ™| g s . denpohea s Migre e siudiod A0enft LOBERRL.
during expansion of electrical signals in a-negative feedback path between
an out put and expansien iofy elgatrisaly shgnakeatial -anplifier and during
conpression of electrical signals arranged in a signal path in series with
said differential ampld fpraiferial fatbodiment crtse deeans ofiert emphapsising the
solution in accordance with the circuit of the present invention. The. noise

out put al | ocagge %ﬁpﬁoﬁ cﬁfg{-ﬁ}{:ysi%&ﬂ%/aénd nﬂi@ﬂﬁ@ﬁnésféﬁedéiéﬂﬂRQQYsing

i ncreases. The e stat’ st conventional audio si gna s show a

Lhe | owsr 11 oRMNEF énrgcé‘e Y Bk s oo hES BCK, SRERe 0D "

si gnal components are al so weaker in the | ow_frequen onpand
g. i network. During compression of e gctrfgaf QE Is said

expan ﬂon_%f electrical signals. In a preferred enbodi nent the neans for - (Z%Z

network may be ar:anged in a negative feedback'path'between.:
an output and an inverting input of a differential amplifier
and during expénsion of electrical.signals said natwork
‘may be arranged in a signal path in series with\said.
different1a1 amplifier. In a ﬁodification a single high-pass
network may be arranged during expansion of electrical szgnals
in a negative feedback path between an output and an invertlng
input of a:diffetenﬁial amplifier and durihg_compression of
_ éiectrical signals ar:anged in a signal path in series with
‘said differential amplifiers
' Tﬁe following'considErations take part in the colution'

in accordance with the circuit of the present invencion. The
noise output allocated to a frequency interval increaéés aé_the
frequency increases. The amplitude statistics of ccnventional

' audio signals show a lowef amplitude path in the middle and
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chanmel than are the | ow frequency signal conmponents. Fromthese

consfgdgerations the conclusion .was drawn that a hi gher suppression ‘of noise
may be achieved if signal conpandlng takes place in the upper frequency

range of the | ow frequency channe4,in the case of snaller signal

anpl i tudes

than in the low frequency range. An increase in noise punping in the |ow

bocaudtal SRie Tk, VR SR ke EreBuBiol HagEy 71 o

enbodlnent of theﬁpresent I nv tlon mnll now be descrlbfd by way of

exanpliE mas, digqaverad thak & hex Freayency | § 4gRa

of the draw ng

whi ch shows a conpander circuit |n accordance with the present invention.

The drcomponexttsiare @ksuiwedlosr o i trel lewt Srequency neompandage

conpressi on or expansion wth subdivision of the frequency spectruminto

two chiphlel tHih idveiitid AvW SEPéquendp! sEgnaD EébApsAERESIC Fy¥ba an i nput
termpnal 1 and are applied to the non-inverting input 5 of a differenti al

lif b tye h
APl | el .ﬁ?ﬁ%&?ﬂf %%%%%ﬁ?%%*@”%@?faﬁn FlleF"
resi st ance. . eedbac Sup k n1the og% ut 7 of the
di Tt osepATassiRT a8 o “iohivedPPr, Shenal tompan

"conpressi on” type of

takes place in the upper frequency range of the low frequency

channel in the case of smaller signal amplitudes than in the

low frequency range. An increase in noise pumping in the _

low frequency range due to this measure should not be
'expected effectively because of the weaker hlgh frequency
signal components,

A preferred embodiment cf'the present invention will

now be described, by way of example only, with referenee to

the eccompanying figuée of the drawing which shows a compander

circuit in accordance with the present invention.

The drawing shows a cireuit.for optional automatic

dynamic range compression or-expension with subdivision of

the frequency spectrum into two channels. The input signals

are supplied to the compander'via_an input terminal 1 and
are applied to the non-inverting input 5 of a differential
amplifier 4 via a capacitor 2. A resistor 3 is arranged

_ becween'the non-inverting input 5 and earth and serves to

set a certain input resistance. A negative feedback path

.is supplied from the.ontput_7 of the differential amplifier 4
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operatlon.the negative feedback path for the upper frequency band passes . (;@/
via e&gontrollable filter arrangement 16-and for the |ower frequency band

via a controllable filter arrangenent 22 to a combining circuit 38. The
conmbining circuit 38 is forned as a non-inverting summng anplifier. The
negative feedback path continues from the output of the conbining circuit

via a capacitor 15, a first smttch 12, a second switch 10 and a further

-capaC|tor 9, |nvert|n ut 6 .of i fherenti al lifier 4. A
i Foct "negat i vEor BBababResans TBRE 6 « A2 e rEcBbrAY st dvRfah by
the | owresistance output of the conblnl CIrCUIt 38 by means of a
resistor 8. ThpRepathonnthes Begas iyedif @ﬁé&?@lcl k path far tthe spReR i ng poi nt .
The signal path runs fromthe output of the differential anplifier 4 via a
capaci tor 11 t6requentyubandr pasalesi#¥ia a controdiabdesifiltdy mrringement
operation the conpressed useful signals may be tapped at this output

terminal In-thg aREPEBE eRe 1607 rOfE raRfRledicyO bare® vAl (et okit Ao I4E1d Nt O

the position which is not shown in the drawing. The negative fee bac pat h-

o e 1L e BBy Sheh! 9 RS SR SRR A Y, e

negatl ve feedbgggblnigg gti.rt]:c(\jx ¢ 8 tit;e formed %Sss Iaoqlon-yi%verting summing

 amplifier. The negative feedback path continues from the.
output of the combining circuit via a capacitor 15, a first
switch 12, a second switch 10 and a further-capacitor 9, to

- the inverting input 6 of thetdifferentiai amplifier 4, A
direct negative feedback signal path of the amplifier 4 is
interrupted by the low-resistance oufput of the combining
circuit 38 by means of a resistor 8. This path only serves
additlonallly to set the operating p01nt.

The signal path runs from the output of the d1fferent1a1
amplifier 4 via a capacitor 11 to an'outpqt términal-l&. _In
the "compression" type of oberation the_compresséd uséful
signals may be tapped at this putput_terminal.. In thé
"expansion" type of operation the switch 10 is put into the
position which is not shown in the drawing. The negative
feedbéck éath of the differential amplifier 4 then passes fioﬁ

the output 7 via the resistor 8 to the inverting input 6.

" The circuit elements which lie in the negative feedback




of operatiron are arranged in thé signal path during "expansion"..The signal
path &uas fromthe output 7 of the differential anplifier 4 via the
controllable filter arrangenents 16, 22 already nentioned to the conbining
circuit 38 during the "expansion" type of operation. The signal path runs
fromthe output of the combining circuit via the capacitor 15 and the

swi t gatiy during JhguicaRRFe$BION3 tYPethe switch 12 is brought .into the
position which is not shown in the drawi ngs then the conpander is :

| nef fogCldpetatridn faard mmarsieghalrs wppls Eghdab path | dying f expahs loal e
passed to the output terminals 13 and 14 at constant anplification via the
di ff gienidial A Surfs aibd thCaRaGdOr7 s Gantdofrofehbipabf fective

transm ssion factor in each controllable filter takes place via a branch

Pavi Agea i o Y S e BEPRETERAY e eE 167 An T o (b

hi gh frequency channe]- and a branch path 31 js provided for the | ow _
f r eq@dmepdyn et ionedk 49 s cpmbining < kepiath udd uringethet he sane except
for weighting filters applied to their inputs and the control voltage.
genef'gixpansdoh't hype nef cpextatiiond n The sbgaal i pashwhind Eeomether
generating control voltage. The construction is illustrated here at the

 chopath s ot sspuscanare oot {otheeci
switch 12 to an output terminal 13, '

If the switch 12 is brought into.ihe pbsition which is not
shown in ﬁhe drawings then the cbmpande; is ineffective and the
input signals applied to the input terminal 1 are passed to the
oﬁtéut terminals 13 and 14 at constant amplification via the
differential amplifier 4-and'theICapacitor'11;

Control of the efféétive trénsmission factor in each
céqtrollable filter takes pléce via a branch path associatéd
with the filter arrangements in each case, said branch path
having a control voltage generator. A branch,path 21 is.
provided for the high.frequency chénnel and a branch path 31
is p;ovided for the low frequency channel. The branch paths are
constructed largely the séﬁé éxéeﬁt qu weighﬁing.filters éppiied
to their inputs and the cbntrol_voltage generators and the ﬁime
constants in the reétifiers which sérve for generating control.

voltage. The construction is illustrated here at the branch

path for the low frequency channel., The signéls reduced in




¥ ng '.p‘c,_)tent.i oneter 33 to the input=ol +he controllable anplifier 34. - @
This#anplifier may be controlled in anplification as may the correspondi ng
contrpllable filter *22 by nmeans of a variable resistor 35. Anplification
is coptrolled so that the signals applied to the input termnal 1 are :

reduckd at they] ﬁ%ceogday,; _Qf@”ﬁg%ppﬁé@@ﬂa tRetheighathgnatyceendnt kAl b

hal f the val ue”’o mc ra and are reduced after the anplifier 34

to the dynanic value zero. The output,signals of _the a i fier

suppl i ed via &WSTYHRE RPFFRLET™ %£%03§ g n%?%l1QBP€aﬁgpé%ﬁe§8P§?°§;Sb+ﬁe
control voltage generator 37 is connected to the control inputs -of the. .

vari abl e resi amplidsiend4. vaFhbe ampbifies nay Berapgbrothedpén amplification
control lable filter 22 and controls the resistors in the sense of a

reduction in rasindyngte asothespond ihg scgnetohbpbleufikl tarr 23sby. mezhe bfioa
controllable filter arrangenents subdivide the frequency -spectruminto two

frequency-ban%riﬂﬂf‘?ff@&w shar aghs1i 8156618018 €bRERBLY 8050 that the
di mensi oned t hat fﬁe requency responses of adjacent channels intersect at

- -3 dB.  The channel {or_the. high fr.equency, b ont al.ps..a4hi.gh- -pa .
fiIter-conpﬂwﬁ*ﬁf%}imﬁﬁéiﬁ%#gﬁ9 éﬁ% 5?§%Figgg%%ﬁﬁgc?igkgofggn?ggig?o?ﬁfB}nput

and 20. The signal is-tapped fromthe conmobn cgnnection aoint of tﬂg '

resistors 18 the draneh prthadl 18 theesbrhAeRAFY: RORELiEAAN kO RBL6: kbe

hand the signal is supplied direct to a variable -resistor 19 which serves

as an adjustimpalue of the dynamic range and are reduced after the amplifier

tri

34 to the dynamic value zero. The output signalé of the
amplifier 34 are.supplied vié a weighting filter 36 to a control
voltage generator 37, |
The control volﬁage generator 37 is conﬁected to the
control-inputs'of the variable resiétorl35 aﬁd_a variable':esisﬁo
30 arranged iﬁ the controllable filter 22 and controls the
~ resistors in the seﬁse of a reduétion in resistance as the
"useful signal ampli;udeaincréasés. . The two contrdilable7filter
érrangements subdivide the frequency spectrum into two frequéncy

bands. The frequency characteristics are preferably so

dimensioned that the frequency responses of adjacent channels

intersect at =3 dB.

The channel for the high frequency band'lﬁ_contains a high-
pass filter comprising a capacitor 17 and a series connection of
" a resistor 18 and 20. The signal is tapped from the common

e+ o i e g e P SUR U

connection point of the resistors 18 and 20 on the one hand for

the branch path 21 and on the other hand the signal is supplied

direct to a variable resistor 19 which serves as an adjusting
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el enept. *The variable resistor 19 is connected at its other end to the ’
inpug;gf the.conbining circuit 38.. The voltage divider used for matching \ -
the | evel of the signal to the adjusting element conprising resistors 18 :
and 2@liemamtcl udihk ivatitable eopeheforel r i$ ntognecyhdpatsitsl osherThe | ow
frequency channel contains a |low pass filter corresponding to the high pass

filterenk tol&h0idiic tde the peatiwingepbraning3she Thanveltagd dieidaird
| ow- pass filter conprises a resistor 24 and a capacitor 23. A voltage

follo [ t§ L F8aC _ to the

| ow pied TR AL GRS, PedePRATLRE SlBhal | B8 EReCRARASKSE | e

out.put of the separatjng anplifier . . The.signal of anplifier 25 is also-
suppl iSdEmeNts GRREF KINGNTS l?§°5§sﬁgf%?%ezoaégalpﬁapﬁﬁgglpiFﬁ@r and has
resistors 26 and 28 as well as a capacitor 27. This network has a | ower |
limit Sresuenuyy~deternining |highopase4fihtieserves for enphasis in the ;

~ "conpression" type of operation and for de-enphasis in the "expansion" type

of operatiofhe 16w ELoPheEPt Aanhé BoYeRERiabanatberpatkcEileawi red during
"conpression" are achieved by arranging the network 1n the negative

of e Palrarosule (rE B A ot PRLeRETET TR CZ0, FBE ERBTEC e

converter 29 ang a-danpi ng el enent 39, 40 desj gned.fot matching the |evel
cor r eFPHRAHY 2 ?W’gﬁb&&g‘:@? e&%ﬂ’fmﬁb, ag iﬁgt Raifi é)ﬂ“”r‘?@ﬁﬁency channel

-t 0o one connection to a variable resistor 30. . 3
filter comprises a resistor 24 and a capacitor 23. A voltage

follower 25 which serves as a separating amplifier is connected
to the low=-pass filter. The signal for the breneh path.ﬁl is |
tapped from the output of the separetiﬁg emﬁiifier 25, Tﬁe
signal -of amplifier 25 is also supplied to.a;network,'ﬁhich.is .
also formed as atlew-pass fiiter and has resistors 26 and 28
as well as a capacitor 27. Tﬁis.network has a lower 1limit
‘frequency than the filter 23, 24 and serves for emphasis in the
"eompfession"'type”of operetion and for de?emphasis in the
"expéﬁsion” type of operation. The complementary frequency
_eﬁafecteristics required during "compression' are achieved by
arranging the network in the negative feedback path of the
amplifier 4 during "compression'. The connection peint of the
resistor 2§ with the capacitor 27 is connected via an impedance
converter 29 and a damping element 39, 40 designed for matching
-~ - the level corresponding to theedamping element 18, 20 in the

high frequency channel to one connection to a variable resistor 30.
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The fhef connectlon of the variable resistor 30 is connected to the gKZ
conmblei,ng circuit 38. The conbjning circuit 38 is formed as a non-inverting
sutmmyhg anmplifier in order to bal ance out again the danping caused by the
contf:ol | abl lght i Il $el requenc
characterls?lésbggé?hgzﬁgf%g}%% 8@g§§ %%rfg§4$||%§¥%$t e(%egatl ected to

f eedback opeyation. Thus the sa fre ncy aracteristics for, the
contfrol | edpﬁﬁgﬁmf’éﬁgaﬁﬁFFﬁlémiﬁ gg@héofrg’\hnﬁn@ql‘}éﬁ@w]@n%é{% drroed A

achijeved. This is in the interests of a straight and.parallel path of the
f requency- dapeatehnvensingt sumging gmpdps lier time codlenr eosbalamceansitomgain
diagfam It is not necessary for the filter 36 to be inmediately in front

of the'recttheedadpingt caaged bor BAki ¢ohy rbe Iablandad tesf.ront of the
anpllfler 34 or may be fornmed jointly with the filter 32 which causes

channel separatigfhe 9@ig H&éi‘ﬂgaﬁl%rt Ag ﬁQ%V%h%e%%Heb\j\tgeﬁPeeﬁj; §§§1st1cs

based on subdi vi si on o the Transmssion range intot

wi th subjec appr.ox sane noi.se qut put, |nproves the
process of . %% g*%g Eg knghen y's §noPETEE NG dry n@@géﬁévﬁb|§@db36k
CLAI M5 1. A conpander circuit conprising at |east two frequency channels
contalnlng QPeTating. elEhﬁﬁt§hassemﬁe£requennansha$gn¢nrlst1cs for the

controlled distributed amplifier 4 (in the low frequency channel)and
34 are achieved. This is in the interests of a stralght and
pa;aliel path of the frequency-dependent eharacteféstic groués
in the compression;expansion diagram. It is not necessary-for
‘the filter 36 to be immediaﬁely in ffont of the receifier 37; it
- may alternatively be arranged.in front of the aﬁplifier.Se or may be
. formed jointly with the filter 32 which ceuses cﬁannel separation.
An advantage of the above described circuit is that ‘based
on subdiv1s1on of the transmission range into two frequency
- ranges with subjectively approxlmately the same noise output,

it imp:oves the process of freeing low frequency signals of

interference and noise.




factandbhtrMIir@ means, and a conbining circuit for the output of the QE%&?
channel's, only the | ower frequency channel conprising neans for enphasisin

hlghéfsfrequency signal s durinQ,conpression of electrical signals, and -
means for de-enphasising higher frequency 3|gnaL§_QgLLﬂg_§%g$2i%8£ of
- electrical signals. 2. A circuit according to Caiml he | ower
frequency thannel contains a higher frequency ejﬂ”’ the -
conpressi on node of operation and a higher freq u”ﬂ# g ﬂw network in
the expansi on node of operat cpAIMS. Acircuit ac&ordlng aims 1 or
2, having control voltage regOlraror means conprising a series connection of

a conjrol |l able fer cirguit..cqope '
adju2¥Tng gié ﬁ%ﬂhé% 8ir§ggFrgé|§E%gé§ % ﬁ%a g&@%qéﬁgﬁﬁg§ﬁﬂhaV|ng a
net wothamnel § acohbasaifghaghastingg ueaﬁmnt@p bas e ﬁ&et\w&( ty@msadisyidm) the
rectifier circuit as ,a wei'ghting fllter 5. /A circuit according to any

prece’énwgoo eontvpbiéng MRANSeaAnds ar compiadng sd neuditefon dhseuERlitgnal s
and té‘f %&Hegs egﬁi‘gshﬁ' ”Qo{}e%h%&-e ek O%éa%lr%riglc \rﬂrﬁerel X tituted

by a S|n curt -accor |ng uring
Conprr@éémgnf@i- ehpEaEi62hgShiphey FrequencyOrsignaly idurdeE
E compression of electrical'siéﬁals, and means for de-emphasising
higher frequency signals durlng expansion of electrical

signals.

2. A circuit_accordihg to Claim 1, wherein the

‘lower frequency chanmel contains a higher frequency emphasis
ne;ﬁdrk in the compression mode of operation and a higher
frequency de-emphasis network in the expansion_ mode

of operation.

3. A circuit according to Claims 1 or 2, having control
voltage regulator means comprising a series comnection of
a controllable amplifier and a rectifier circuit connected to

said adjusting elements,

4, ..A circuit according to Claims 2 and 3, having a
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?ﬁegatlve feedback path between an output and I nverting input of (}Eéj_
érentiial anplifier and during expansion of el HW ﬂﬂ ’uﬂ“mu,Hsal d -
\;k is arranged in a signal path in,series wi i al

Jizfier. 7. Acircuit according to any of Clains 1 to 4 "wh&refn a single

|;5keiggx5|on dﬁ g?ﬂ@?rlcgﬁgsggﬁgrgbgﬁéfhgkﬁ fgﬁ%goéﬁgﬂggggkﬁéE@EQﬁdd
Ioo comr &itartid o e e OO LR e Deefyfonronoin i he 1P Sisﬁégit”h in

|§s with said differential anplifier. 8 "Acircuit substantiall -
in described whth AGiremtt aecerdingcbapanyi nyeaedinagdlaim v %Feéﬁ
speci fication has been.recorded by photocopying the appliocants

i nal typeshe ipgans for emphashsbng higharafeequenty shpgnhlsrand the
%1cult to read. The original typescript containing these anendnments may

| *nSpeCt ed fehrid S PF edé SafipRasi §engoh Ephe 1 EL8Guency s:.gnals are

constltuted by a single_ne;worg.

6. A circuit according £§ didim 5, wherein during

_'comp;ession of electrical signals said-netwb:k is arranged

in A negative feedﬁgck path ﬁetweén an oﬁtput and én;
inverting input of a_&ifferentihl amplifier
and during ekpansion.of.electricﬁl signals'said nefwork
is arranged in a szgnal path in series with said differential
amplifler. | | -

7. A circuit accofding_to-any_of Claims 1 tq.;g wherein a
‘single network serves for emphasis and de-emphasis, the | |
netwofk being arrahged &uring e*paﬁsidh of electrical signals in

- the negative feedback path betwegn an“output andran inverting.
input of a differential amplifier and during cﬁmpreééiéﬁ_of‘_
“electrical signals being.arrangéd in a signal path in
series with said differential amplifier. | o
' 8.A'circuii subst#ntially aé herein described w;th

reference to the accompanying drawing.

The text of the speciﬁcstion _has_been rsproduced - by photocopying~ the spplicant ginal
plicéhta ori
typescript. It may contain a few amendments which are difficult to read. The ori

typescript containing these amendments may be inspected on the premises of the Piatent Office




