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Describt ion The invention relates to evaluation or analysing circuits for
passive measuring detectors or neasured val ue receivers having ohmc se r
i ppedances in 5 bri dge connections with adjustnment of the out put S|gG§E}
of the receivers provided by continuously nodul ated change-over of a
resistor, which is controlled into one change-over position by the overflow
si gnal of a clock pul se counter and into the 10 ot her change- over
“position by the m#gusigiipial of a di gital conparator that conpares the
contents of the clock uI se co nt d a faqrward/ba vaard count er_,
connected to the outp eof”hves’f at‘?% 1SV A T8, O APAWY SN D er |
whose i nput vol t agieccwitss sfiar qfas]éive nera sy |<mtém:l<msmaxg mtafs‘tmeehce

signal that is rwlﬁ]g:q% r&he}?a% }I'ntvc? equdrf l\Pers Jelc# J}?{ed by a

| ow-pass filter, in ysmg CI e recei

swi t chabl e resi stkyridse W@WS p@lfeh @divaimentowrst the aatdnt rol | ed by

the overflow 20 514%{3.]!4"%1';‘3'19{3( TSI U Prividdedl Tl ddntTnidhsQy current
or vol tage source he p ase-sensitive rectifier i s synchronously

controlled with g ol e Fefi skl y ISR v Uit i s known
from DE-PS 22 62 cZﬁﬂ:ronmeeanaiwmga @Hariyd- oﬁémr®Qﬁﬂ&dhil g:lrieal 25

conpensati on devi C&%‘.rffc{ 0%11 ﬁ_ul d at gcl%ecl{ [Pe l}‘netct]:s a?f q the

t her mo- vol t ages and ¢on aSS|ve measur e
recei ver arfid i ndaﬁmﬁemhmgamqrerwqadJmn doyi ftheafOlH:bBU'— @Hf@l p&ﬂ @

anplifier. In orQﬁrt g?égnémﬁ%hﬂ&ﬁ mm%@r&&% ts e for

with the invention conp known "ci'rcui f, conprehensi Ie In a

better way, it iSIafk iBas FaHken Mﬁovﬁpr&a\rwktaod@aé‘@mq%
critically. For tduxmé&.@prtd hﬁxéﬂtﬁwfb\fﬁ rgxuid slsgrf-@@mwv%dvmadwgdm

Figure 1. In this. Figur asured .val ue ceivers
can be seen, con% ‘ﬁ‘f?d‘ THET, i Res ﬁﬁé“‘f"etedro& é“losflsgfl\@\ﬂ] gr\{sare
fed with cursentsad S‘dml.bl;a.f/xkagd (da lsacoimdardd ffentinugs soifyrea lc whadntis

rectified by a phase-sensitive rectifier and filtered

by a low-pass filter, in which analysing circuits the
receivers and the switchable resistor with a change-
pole or change-over switch controlled by the overflow

20 of the clock pulse counter are fed from a d.c. current
or voltaye source and the phase-sensitive rectifier is
syndhronously controlled with the chanye-over switch.

Such an analysinyg circuit is known from DE-PS 22
62 755. The analysiny circuit, there called diyital
U/ 25 compensation device, is, in result, to be free of
effects of thermo-voltagyes and contact potentials in
the passive measured value receiver and independent of
the zero point drift of a so-éalled'zero amplifier.
In order to make the improvements, which are

30 striven for with the invention compared with this known
circuit, couwprehensible in a better way, it is put
forward that the kunown circuit be evaluated critically.
For this reason the known circuit is represented ayain
in Figyure 1. In this Figure 1, two measured value

35 receivers DMS1, DMSZ2 can be seen, consisting of bridye
circuits, the feed diayonals of which are fed with
currents IS' by way of secondary windings of a current



-2- transformer Trl1  The neasuring diagonals of the nmeasured val ue
receivers DMB1 and DMS2 are connected in series. The total voltage at t
di-agonal s is denoted with Un Connected in opposition to this total volta
57 is a conpensation voltage Wk which falls at a conpensation resistor R
The conpensation resistor R can be connected by way of a reverser S2 to the
secondary wi nding of a second current transfoormer Tr2, through which

winding a cUr N datohill, T810°00Mhe! foasyih A Forlle bREHECT 2

connects to a resistor i'Ch can be connec of "the reverser
al ternatel y w t hmeReures yadiueRreaeiyense DUSIom@dr PMEZr pa®t conpegitedofin: he

%rgnsforggr Tr2-sE&QF%%imWHé\Mdﬁwlnﬁ%lng%?%tpQﬁkﬁaﬁabbﬁﬁikoﬁgeﬁég$kkdand
r2 are conn ed in serie way of g ,change-qyer sw 0 a
o e Tont soumiEE S’ O comnected’ AR hetar Lom e s, kel v L sage
difference 5n thdsva icogpendatidon tlolitageutk iwhdch f£allseatld and L2 to a
switch S3 which is previqQusly connected to zer i f.ier u
Connont ot 10t he IREREatiRn fERIRCR, 2 1’ HemoiRaricl 1isfar =
change- over swi t canShe jconnegthedt byewaiynaifs aareveaseaciSed tobkheay of a
| ow- pass filter : I3 1N g

EBc u:h;zﬁe witikdhg! &M @g}o?xfd %u‘:’:‘iie:n%d%f%h%%%%ﬁé Tr2,

transfornmer SPF. The c f'wgq:a_i.-over_ swtc IS actuate synchronously
with the change- &h&P oly wigding § cuwraedtadSy £doWset AeSECPRSr. The

out put ternignal s contialed CH th@e rdevREERIIC\S IculedtEE toSEF raki sternRet ed to

the forward and bagkward i nputs of ul se count 1. The counting input
of a clock pul se¥ §Pn29% §9§Gea%4adn§§bﬁgﬁ'ﬁgrﬁﬁ§ S&FEE6f acl ock

geperator which slernatedypuitvh tthel resitstarh®,r émdo tthen secegdamrgy f 0.
The-decade ot puts, ol ML Ehe" 1 ot AUREOBISE! k0 L IRRAL] SO

inputs of a digital conparison circ _ t of t he cOnparison
circuit DV, 35 windiigysc@fdkdes curnende Yrapgfionmensh&rdoands feddesee of

15 connected in series by way of a change-over switch Si
to a d.c. current source. The current IS flows in the
primary windings. The difference in the voltages Um
and Uk is supplied via lines L1 and L2 to a switch 83
which is previously connected to a zero amplifier NV.

20 Connected to the output terminals of the zero amplifier
is a second change-over switch S4. 1Its output
terminals are connected, by way of a low-pass filter
TP, to the input terminals of a voltage frequency
transformer SPF. The change-over switch S4 is actuated

— 25 synchronously with the change-over switch S1 so that it
acts as a contact rectifier. The output terminals of
the voltage frequency transformer SPF are connected to
the forward and backward inputs of a pulse counter Z1.
The counting input of a clock pulse counter %2 is

30 connected to the outputof aclock yenerator which
supplies a pulse train with the repetition freqguency
£f0. The decade outputs of the counters Z1 and Z2 are
connected to comparison inputs of a digital comparison
circuit DV. An output of the comparison circuit DV,

35 which conducts a pulse k marking the correspondence of
the counter contents z1 and z2, is connected to the

Th.
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the counter contents z1 and z2, is connected to the input of a switchj
control logic Lo. A transmission pulse [err], by way of a connection Ii€§§i>
of.“the hi ghest decade of the clock pul se counter Z2, reaches a second in

0f the switching control logic Lo. A5 transm ssion pulse v of a
pre-clock counter VZ is supplied to a furthey-input of the sw tching

control logic. An output of the switching control |ogic sinultaneously

*control s the two impartgof\wrswitidhiiies dhtadl Jbgibvnd.ur thasranisnigsica t he

switching control_ 10 . 1Qgic are used tq cqontrol. .the ,tches S2 qr S3

respectively. Thé’us)loﬁearq't y o A& @ed’%’g}etcg: émorhﬂ?e %2”&3‘%3%%5%

respectively is cenaged ofi thhet lvd ookl (il s&1 cannteay 23, treachsist ehisegonght r ol

| ogi ¢ Lo, whenevey, W ' er : ounted up by the
?hngd(':\f é_’]c'{ﬁ the @v&%rﬁr agfgcrcﬁ-%é%l Loid LoCOUM

cl ock pul ses of pul se gene o Its counter final value
[err] and ef ts FransnifssiapPPisd 9f mersiclackszqunteraYfedover, by

way of the switchiulpla@d @ d @EirkHer inputhf adiestswitdhidly idontddl
nonent at which t,he .cl oc ul%sﬁe our}:t r. Z2 has .t,he samst (I:S&ntent, as the
counter z1 and wit9¥i%rat AhSHHR{S & (}d’r‘ﬁpa"r"‘f g SME9¢ BA%HS pul se k
signal s the coi nEiserdamdfousily contryls diierttve tahanye -owverc Ewid ohest rSjl.

logic Lo, The atjddigl| C ofRAENANG: ISttt dRD ous e, SeA1 -

voltage Uk obtained inthis way Is thus dlrectly propor
i nst ant aned®s codidic @ne aifed; tofcantarado e switches £2 wr 53 t he naxi num
counter content [Qddedtividl§ Clock pulse counter Z2. The interrupter switch
S3, which is switchéed 30 t hrough by the switching control logic Lo at

the sane monent as t hdR&uRAIREEEY 9f thhe) I8ed iyoltane 1. the £S89 to the
change-over ti mesutfrddte deagibouivednt i finyed wWiltthathd Ewatgh r,oaghout

an InterrOgatlondngg%[¥ﬂéyéwitching control logic Lo, whenever the
15 clock pulse counter 22 is counted up by the clock

pulses of the clock pulse generator TG to its counter
final value z2p,y and emits a transmission pulse U.
The switch S2 is changed over, by way of the
switching control logic Lo, to the resistor R' at the
20 moment at which the clock pulse counter Z2 has the same
content as the counter Z1 and with that the digital
comparison circuit DV with a pulse k signals the
coincidence of the counter contents to the switching
control loyic Lo. The arithmetic mean value UK of the
o 25 compensation voltage Uk obtained in this way is thus
directly proportional to the instantaneous counter
content z1 of the counter %1, relative to the maximum
counter content z2p,, of the clock pulse counter Z2.
The interrupter switch S3, which is switched
30 through by the switching control loygic Lo at the same
moment as the switch S2, shifted by the time A t
relative to the change-over times of the feed current,
remains switched through throughout an interrogyation
clock pulse
35 TA = z2pa% -fLo

until the next transmission pulse U of the clock pulse



[err] until the next transm ssion pulse [err] of the clock pul se -4-
counter Z2. The zero anplifier NV, to the input of which the swtch S3
pgeV|oust connected, accordingly obtains the difference voltage [err]

-t has been proved that the desired success can 5 only be achieved in a
very insufficient manner with this known cigeuit, for the follow ng
reasons. The known citcuit reproduced in Figure 1, as an automatically

“adj usting conpensaunberdégiceThenzeronamplifiercNVigt tactheninput efosed
control [oop in wﬁi§ﬁ tfle sw&gghzggolgnggbgigﬁswy cUhhsbekg, cal l ed control
anplifier in control englneering, fy aev fation, as far
‘as possi bl e sel eaerordingiyi ebtainat tha dsfférﬁécéaYPbﬁa?%rAﬂUtJhere | t

represents the dlffer@ﬂcﬁabnbééﬁ afbﬁaaEEhatneaa aagyﬁédoéu&essé5can
receiver signal vo e squéﬁ and t ggsa tion vol tage igh

formed in e3ch c88 Yo Braghd ?@hﬁﬂgadﬁ?£¥|6ﬂgﬁ FE1PRE PaRReD VLR ¢ of
tEe polarity ?f EhesLRﬂdwnucieahStLSfaﬁ theWBOEHOWSnghﬁegsdﬁsLth each
change-over of the ¢ e; _over swt er a r nents
of the difference vo|?ﬁgekF§?§]°tF88§En§%8k°?ﬁéed Qgtﬁ%?u?%e?Zeggngﬁpl|f|er
NV have oppositeastgmatically sdjvetingecempensahjon dexidan dndtdrms+ 1

wi th equal mgnlgfdﬁt#éonstkﬁe&%o 8da ﬁ'i&he&’ 86RtEBYS18bbCE A LGN

voltages with a basic fre uenc¥ err . C. ngonent Basical ly
the fol | owd g prEherepEe amplifder, roWhSGh 1szﬁﬁélﬁﬂpFPP % in control

goopst a) a |larggmpipkibkCcahi eBntasloenyinkBeihgaNs8L6E5080r aNPEisy the
evl a |0n

ot

_ deviation, as far as possible selectively. This
~— deviation is to be called A U here. It represents the
difference in the arithmetic mean values of the
15 receiver signal voltage sum Um and the compensation
voltagye Uk, formed in each case over a switching
duration Tp,
AU = um - Uk.
As a result of the polarity of the feed currents IS
20 which is changed with each change-over of the change-
over switch S1, A U and all other components of the
difference voltaye A U acting on the input of the zero
amplifier NV have opposite signs in two successive
switching times Tp, and Tpp . 1 with equal magnitude.
\/, 25 A U and A U are thus alternating voltages with a basic
frequency :
fy = d=2
without any d.c. component.
Basically the following properties are required of
30 zero amplifier’s in control loops: '
a) a larye amplification factor in the
transmission range of the deviation;
b) a smallest possible zero error in the
amplification of the deviation;
35 c¢) 1in the interests of high selectivity and

disturbance variable suppression, a smallest

JJ3.
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b) -a_simal | est possible zero error in the anplification of the deviation
c) .in the interests of high selectivity and di sturbance vari abl e ?:ifj
suppression, a snall est -5- possible anplification factor outside th

t fansm ssion range of the deviation. On the other hand, the follow ng are
not required: d) a linear nodul ation charactgristic; 5 e) a
phase-linear frequency response and f) special stability of the

‘amplification factor. Misdibple DFPLEidation EL£ECoABhEsids tiReé used in the
case of the known circuit, ip the transms |0ﬁ r nge f.<[err] will have an
fisthe.devia

anpl i tude response whi tFAREMLSSIOR | LARYG P hcies as steeply
as possible and will nm thansthér hané, peh¢ i folbowing tdme fuetusegyifedt hat
is, d.c. voltage sign (hi gh- s fi . cha | SL1 JThe result of
this, however, in theq%gsego?f?ﬁéélgga&igéfu@t%@%%£%¢§%%$%*%f according to
whi ch the op®ration isekffacphaséeltneannfrguuercy oresporse| §ndodul at ed

change-over, is that “f%h éB@ciéfU§$§ﬂi1£€§téfgﬂﬁ Faﬁﬁﬂf@iéa#fﬁﬁ]fééfbﬁ§e
tilts occur which, for _their part, lead to a non-linearity of the ,
i ndi cation 20 char #1ER| Ghe cprarerty eQ)| 2 FR8C f PR hEF 165, @8 4Eed bR ai |

bel ow. Ab_senCﬁ oftﬁé\ecem@p@ftuh@)kn?mtciﬁcuﬂtnomphnéhetr&ﬁmsfcp?quenqy
response in the transm ssiop ran err er of the zero anplifier, -
results in runni n@a'?ﬁ"?‘reEZE By "éﬂ*gfoli’?{'%n%&i %‘“?H}t‘é%lf??%%?§%n&§+°}? he

di f f erence ®0 gnal £4kls | toWwdxde, Lowet hfreguencies has phteepkel @astpessible

rectification of WP A | n | b e
revelsgr SL, can %ﬂ%d i) {%%ed%ﬁ%ééﬁ{ghq@?E%?Q%%%%ﬁéi%F%k'z%*%af%égﬁgﬁgy
cquonents whi ch @r ethat 89, d.@sopeltaspasignalpellibghapasn féft?ru and

represent zero characteristic).
The result of this, however, in the case of the
15 adjustment principle, according to which the operation
is effected here, namely the continuously modulated
change-over, is that with the resultant rectangular
signals A U pulse tilts occur which, for their part,
lead to a non-linearity of the indication
20 characteristic, as is explained further in greater
detail below.
Absence of the property e), that is, a non phase-
linear frequency response in the transmission range f >

fy of the zero amplifier, results in running time

\,) 25 distortions in the amplification of the difference
siygnal AU. These, in the case of the phase-selective
rectification of the amplified difference signal A U by
the clocked'reverser S4, can lead to the generation of
erroneous d.c. voltage components which are not

30 proportional to the deviation AU and represent zero

errors.

If the property d), a linear modulation
characteristic, is missing, even if this is
rotationally symmetrical {without even-numbered curve

35 elements), positive and negative amplitude sections are
evaluated in the voltaye shape of AU with differingy

J3.



errors. |If t he property d), a linear. nodul ation characteristic, is mssi
even if this is rotationally symetrical (wthout even-nunbered curve 3§€ft>
eleﬁents) positive and negative anplitude sections are evaluated in the

ol tage shape of [err] Uwth differing -6- weight. This results in
errors in the formation of the arithnetic _ﬁgn value [err] U of the
difference signal, which errors |ikew se na thensel ves felt as zero

errors, These Tunidting | Uil S i fp SABIL 1 F YR oddbdlify SRS 2

usual zero amplifier pore particul Al y “of
anplification facwithnetig wmean saing &AJ ok the ahsfﬁeremc@ radegnadal ue

formation are al %Iéﬁtéwoﬁ%ﬁmsfélﬁﬁké% AN EdIL G by = L/ TA |

zero errors dependent 10 fect. the 1 ndication characteristicin

addi tion, as |in&FHABE er r'%?%se T thay flrbvate dn dhadr tHEe idperds es of
the zero ang ifi ein Nh@rcadd i fusth Lliéfterarip’litﬁﬁeﬂﬂpttﬂf& igdopelyats o,

provided for the feed current " t npensat on resrstor R
which is to be sHIRSEPTHCHS rﬁf’ﬁ‘ ﬁir?l%lﬂclo%ﬁ c#jo‘%é Whnner, in
relation to the ffEertany risnteslddS mifsmindwe rPeaasb.heedam:adnse :mectéle/enean hr ough
current transfor ‘#nﬁy Egaﬁqgﬁ ngict ance
20 and mai n i nduct anceﬁ%aﬁ%glsgg CchHrréeJ]nt% ra‘:ﬁ’lfcéiaeﬁleerqlsCi dmar n :
inductance can orfiWA tehingreisitatde t Hebd AT & eﬁ%rcgr%!mor%rﬂ#m@rtﬂne

finitely sngj | infgynal defdst ale® Haildie bif chtd s SUEahi ch feeds
the switch S1, the secondary feed aIternatr ]{g currents 1S dnd I'S" 25

cannot have any|4ﬂﬂﬂ Qe Ay diieaity eX¥P%%re contrary, they show pul se
tilt;s in the formof efhd Wetidienciass r@mmmpd;hen ;&@dx&:ks)foﬂ the

draw ng. For the zfeereod a pl J:[er NVt haerecozi. ee'}issz.tller}l r t%ee}:n%y the
potential isolation, provided for the feed current IS"
15 for the compensation resistor R, which is to be
switched on and off in a continuously modulated manner,
in relation to the feed currents IS' for the measured
value receivers through current transformers Tr.
-On account of the unavoidable leakage inductance
20 and main inductance of these current transformers, which
main inductance can only be dimensioned to be finitely
yreat, and also the finitely small internal resistance
of the d.c. voltage source which feeds the switch S1,
the secondary feed alternating currents IS' and IS"

— 25 cannot have any ideal rectangular form. On the.
contrary, they show pulse tilts in the form of e-
functions, as represented in Figure 2 of the drawing.
For the feed current of the compensation resistance R:

Qe+

IS" (t) = 18" e

holds yood, where = is a time constant which is
30 determined by the values of the leakaye and main

inductance of the current transformer Tr2, the internal



't [®ery] holds good, where [err] is a time constant which is 30 . @:j)
determ ned by the values of the | eakage and main inductance of the current
transformer [err] the internal -7- resistance of the d.c. current source
and the conpensation resistance. In Figure 2, TA signifies the sw tching
duration of a polarity of the change-over swj.ch S1, fromwhich there

follows the period [err] = 2. 5 TA for the feed alternating currents IS
and IS". This neamesﬁhaanbheototpenﬂabarcﬁktemktsba&cé aad- thenearity of
its indication ch Sathl I gher _accyrac
requirenments, bec%&gg | na}égglr r?gg (Lj[urgtlgﬁf%e drlti‘ hR&ERIEAES, the e

[err] 10 of théWé§ﬁbén§aﬂP5ntnont@geaUDOdaentylnfe&hh chaegeaowveirt ch-i n
duration [err] isg@@kcha®1l,etonS vt /e '@Qlﬂbﬁsoihﬁo$kkggﬁu§ pulae

nodul ati on, s:oportlonal to fhe adjustnment factor a =

quotient from t he TawEPEnENR Fﬁﬁé fd ternakd ngo pyexentsodsisand ﬁ§srstance R

and the swi tching duratrhes méanenthhe ehat b@iupenban:b}: E&Q&h&hehagr taahan-
i ntegral TA and ag

ing to eri.e ansi o a =_te/
there results therggFg ey &i@ %n§ﬁ8%§1°§cEgﬁﬁﬁﬁﬁeF&sFﬁg XB&FB Q@Fﬁes
expression the conpénsatusﬁyvhﬁghge pecufkadgesreqatirgments, bepaaper tinonal |y

inrefation to a zcberdfncBUbitiPFiBE26! % Phia?1bhER1L" heSh' 0h1hk' B

i0 "of the compensation voltage Uk over, in each case, a
switch-in duration T, is not, as required by the
principle of continuous pulse modulation, proportional
to the adjustment factor a = tg/Tp but to the guotient
from the switch-in time tg of the compensation

15 resistance R and the switching duration Tp.

On the contrary,

"
-3

: ot e A - t A~ -t
Uk (a) i J Uk e T’dt=-Uk-'Tt—-eT

I
-
4
)

Pal
with Uk =

From the certain integyral

and according to a series expansion of



greatef, the snmaller the tinme constant [err] of the pulse tilt in '

conparison with the switching duration [err] On the other hand, the
arithmetic nean value [err] 10 is constantly formed fromthe sum[err]
of the output voltages Umw of all n neasured val ue receivers DVBV by the
known conpensator circuit over the full sw tghing duration TA, that is,
[err] However, with that -9- [err] with [err] and [err] where [err]
signifies a receiver sensitivity constant. Thus the nmean value [err] on
account of the purely ohmic 5 networks in the receivers [err] despite
the pulse tilts of the individual ignals Uw,_depresented by [err] is
strictly linearly proportional to |the sum gf e measyred val ues Gv which
act at each nmonent on the n reckiviers-[err]. Tl ! An i ndi cation val ue
A of the known conpensator circtgt], which is pgoportional to the switch-in
ratio a = te/ TA, is obtained by way of the adjustnent condition [err] On
account of the sub-linearity of Ck, the known 15 conpensator circuit
must therefore have, as a whole, a super-linear indication characteristic.
-1 0- The under| yWa§hopj sctedTat therey sesudtswtherefraprove the initially
descri bed anal ysing circuit for

A 1 1 e +
Uk (a) = Uk - a - 2=

(
r’.
o) P53
N
o™
S’
!
g.s
—
o™
o
4

As Figure 3 shows, according to the above series
expression the compensation voltage Uk does not grow
5 proportionally in relation to a = to/Tp, but
sublinearly with a linearity error Fy,ip, which is
greater, the smaller the time constant ¥ of the pulse
tilt in comparison with the switching duration Tj.
On the other hand, the arithmetic mean value Ui
10 is constantly formed from the sum Um of the output
— voltages Umy of all n measured value receivers DMSy by
the known compensator circuit over the full switching
duration Tp, that is,

Ty y=1

o

nA T, 1 .A .
iTﬁ:J—fE Umye "7dt=——§ Ty Umy e 14
0

However, with that

a4



3 ~

passive neasured val ue receivers so that it obtains a linear indication
characterlstlc In this connection, 5 its advantages with regard to (::)
|nsen5|t|V|ty to therno- and contact voltages of the receivers, the
~conpensat|on quantity generator and the input installation as mell as to
zero drifts of the anplificatiaqn are to be_;yeserved 10 Thi s

obj ect is achieved according to the invention by neans of the neasures
*described in the characterising features of cIa|n11 The first neasure

relates to the shift of the zero anplifier ravided in the case of the
known circuit 15 aCCOﬁdIng to Flgur 1, aft TAthe | e pass filter TP
wth use of a dir Sgl;pl-ydp ier |qys_pﬁt|on of
the zero anplifier- “hfle ad'va%tag?L slg),l ngt sts o an

oper ati onal anpllfler mhlch ﬁs d.c. cotlmpled to an-out put of the 20

network of receiver and conpensation resistors and also, if applicable,
pertinent coupling el enments, which output emts the balancing difference
vol tage or a bal anci ng difference current. It has a phase-1inear frequency
response, which Mddiths at the frequency 0 25 (perneable to d.c. :
conponents) and which with a w de band anpllfles beyond the polarity
reversal frequency [err] . . Its anpliftude resporjse does not then need-to
be particularly |level. The anpllflcatl n can il+&tuate in periods, which
are long in relation to thek§0= TyMck ti+ee TEy Vi thin further limts

wi thout affecting the indication accuracy. Its ul ation characteristic
must, on the other hand, be strictly linear for each frequency in the _
t ransm ssion range. The pre- anplifier preferably only has a conparatively
| ow 35 anplifiggfion in order to guarantee that it is not operated
beyond its nDduIatlon limts by capacitive or i nducti ve di sturbance
spreading into the input wring

where ¢y, siynifies a receiver sensitivity constant.
Thus the mean value Ul on account of the purely ohmic

5 networks in the receivers DMS,, despite the pulse tilts

\g’ of the individual signals Umy represented by 7 is

strictly linearly proportional to the sum of the
measured values Gy which act at each moment on the n
receivers DMSy,.

10 An indication value A of the known compensator
circuit, which is proportional to the switch-in ratio a

= to/Ta, is obtained by way of the adjustment condition

Ok (a) = U@ (£Gy).
On account of the sub-linearity of Uk, the known
15 compensator circuit must therefore have, as a whole, a

super-linear indication characteristic.



*by Treans of its own noise conponents as well as zero drifts in the
adjustnent state of the analysing device. 5 A further neasure
rel'ates to the direct coupling of the current, which flows through the (Zég
sl tchabl e resistor, at the change- over smntch of the d.c. current source.
It ensures that thls current has strict recygngular formand no nore pul se

tilts causing 10 linearity errors. On account of .the transm ssion
‘properties of the pre- mlﬁﬁwflm&%ﬁﬁ@cemﬁla@é mvéﬁ@f@n%%&s the
bal ancing difference signal is dnplified so that neither on account of

running time di stYrPFRFR EB? ittally deseribed apalysingrcheeitifens in

the case of the fp&#@ﬁ@%éﬁ@ﬁﬁe&eﬁﬁlﬁévﬁeé@ﬁéﬂkCﬁIﬂﬁaﬁaﬂ: btains a
corrponents, i nval [rect evel o

e v ant aachieet YAl Blof Somarsetati T ofn SRS SOl |
| i near chara&ter|ttscadvﬁmtmgeﬂnmlthane¢gndht@ughsemsntrwitxmtmnthéimn-

consi der abl e adv aall
foll owi ng recti f?%ru??%%nﬁé%ﬁ ﬁoﬁ&;? ?fl ? P%{?em st u'r b| ng éd)&ncl%ﬁ&t%%%nt S
fromthe 25 |n%%%n€4¥2ug%ne¥¢@@rl%ndtthﬁzbﬁbuﬁr1$$§a¥#a¢#@ﬂF#%eWe 1

anplifier, thernvayotéaﬂ@ﬁoadrﬂlf:@@tafttmt&xﬁmﬁffcahém&af@%vx%s of the
switch-controll ed co %Sllon resi stor network and also the feed |lines-to

the pre- anplifiéf ?% phase-sensitive rectifier, are 30 t ransf.or med
into squaret®ave vol t afess odb]det bisi aclhieved naycdrding ofo t tise | iwwenieion

They can be effe nd.easily filtere acco nt of their great
dlstance fron1thg$¥re %%%c £ % %%%%%a%%ﬁg?%géﬁﬂﬁic*%d %m/pass filters.
The no¢h@r@©h@nnsn¢g,feammr@ﬁtmé cbaboul ati on process, on the

othér hand, all experigpcesfr-if GHUSHCYe relates to the shift of the zero
amplifier NV, provided in the case of the known circuit

15 according to Figure 1, after the low-pass filter TP
with use of a directly coupled pre-amplifier at the
previous position of the zero amplifier. This pre-
amplifier advantayeously consists of an operational
amplifier which is d.c. coupled to an output of the

20 network of receiver and compensation resistors and
also, if applicable, pertinent coupling elements, which
output emits the balancing difference voltage or a
balancing difference current. It has a phase-linear
frequency response, which begins at the freguency 0

N 25 (permeable to d.c. components) and which with a wide
band amplifies beyond the polarity reversal frequency
fw = 4 . Its amplitude response does not then need
to behéarticularly level. The amplification can
fluctuate in periods, which are long in relation to the

30 clock time Tp, within further limits without affecting
the indication accuracy. 1Its modulation characteristic
must, on the other hand, be strictly linear for each
frequency in the transmission range. The pre-
amplifier preferably only has a comparatively low

35 -amplification in order to yuarantee that it is not

operated beyond its modulation limits by capacitive or



-12- shift by' [err] of the inverter frequency [err]. As a result, the ver

di sturbi ng | owfrequency noi se conponents of sinple sem -conductor .
amplifier input stages, the so-called popcorn or [err] noises, are shifted
5 into the direct vicinity of the inverter frequency [err] and can

| i kew se be effectively suppressed by the fgl4yloom ng | owpass filters. _
Therefore only the so- called white noise represents the natural resolution
limt of the analimdugtive odistarbande ngpteading linto thyenhp@p. wibeng

synchronous contr g hage nsitive, rectifier w n e over
szvl tch ensures than B 'wgrrl%s@lfo%%%f (ﬂw dng%ﬁ?b?ﬂ'ﬁpﬁn%néio%o‘ﬁ%ﬂf s
ment i oned, sati sf%e¥® ¢W e ircthecydiesbment stabdtaf nelde i andhesiitg
anplified bal anciggyfkdference signal, because with that even the selective
rectifier is_controlled in strict tine synmetry. The generator for_the

hi gh- f requerRy pul se t%aﬁ‘?F?ge‘ém‘é’@%o’a%H/tﬁ%aF?zt%%aﬁiﬂ}'?—%%dco‘mlmg

The symetry of to® thanchesent, tmmaﬁmweﬂﬁrémw ﬂe@ts&i@éhaméel ation

d | table b tentioneter.
Advant ageously. I TRRRtT AE e BEhEETRYE, Frbhon ot S ik, Shrrpit
addition to the ssoudmbl elt mslms that atlis dcwrx_'emtlrihasi sti:i:bt he .
change-over switGlyg é@ﬂéﬁr:‘fé{rnﬁaé(z?&”ﬁ@':ﬁc;x?éfﬁiséstffﬁ %S’siﬁ the -

measur ed value recel ver I dge circult an fesdstor are
coupl ed, byl Qay FiNRRFHEY ROV anplifier or opto- coupl er, W t h the

-change- over swi t o, | rod r&mcafatmeé@aﬁ%%fm@w&fm tggd the
i nvention the direct co J¢¥é%€¥na nmeasur ed val ue receiver brldge C|rcwt

and_a swit chabl e B&E73%t ich pre ehtained by He}w%ﬂeaﬁqr%m Hthe s
feed 35 di agord lancsinl ailﬁmlfémbt@léﬂiwl ci@ngsp DiBied Vid Cthatd 1S

divided at one of,d {5, 3gonal . RAUDISe o, runnlng time distortions nor on
15 account of non-linear modulations in the case of the
following phase-sensitive rectification can d.c.
components, invalidating the correct indication value,
develop as zero errors.

Advantageously, the phase-sensitive rectifier has

20 a strictly linear characteriétic, which runs exactly
through the zero pbint.

The considerable advantages of the use of such a
pre-amplification with following rectification lie in
the fact that all disturbing d.c. components from the

o/ 25 input circuit, that is, the zero drifts of the pre-
amplifier, thermo-voltages and contact potentials of
the receivers of the switch-controlled compensation
resistor network and also the feed lines to the pre-
amplifier in the phase-sensitive rectifier, are

30 transformed into square-wave vdltages of the basic
frequency fy of the inverter. They can be effectively
and easily filtered out on account of their yreat
distance from the frequency 0 in subsequently connected
low pass~filters.

35 The noise components, during the demodulation

process, on the other hand, all experience a freguency



-13- _switchable resistor is inserted into the separating point, in mhichggéb
cage the switching contact armof the reverser replaces the diagonal poi

al the separating point. The input termnals of the pre-anplifier are 5
-arranged at the neasuring diagonal of the neasured val ue receiver bridge
circuit. In another exenplary enbodi ment tHe_feed diagonal of the neasured
val ue receiver bridge circuit is d.c. coupled to the change-over sw tch
*The switchabl e 1thftrﬁ?i$tﬁﬁ b gﬂ@ngﬁﬁggta@tﬂgg@u@@é§hﬂﬁpd Adegout put of
a first operational 'Eier whi ch, i frr ed_wth 1ts input termnals
at the change- ovE?®% tcﬁ.e %rﬁéééﬁF?ﬁB ﬂ$g£%%éfr%ﬁu?ﬂﬁyﬂﬁﬁ %Fed val ue
recei ver bridge componénts ofiesbhylarsemijeconducteri applififer impuwi nal s of
a second operati npLifi u ich i n e rth
via a resistor a%gééfgb %%%n%é?%é?ge§n§€§%%€ﬁt§?nfn%+§%§£fE%B%rgﬁgftgﬁfier.
The pre-anpbifi etnta thandiregt wiainity opfickhe npuvertern feequenehely

swi tchi ng contacindr 8aRf1iRewisy peessLlctiv Cé‘ub?réé‘@e&rﬁy pEgeétion
connects to the gui ut , of ihe first _operation anP ifier andhln t he ot her
posi ti on connect£°+4CBLRg KoY Pass (1 E?r%xeﬁﬁkﬁf? B oA HEnEhY SPTe

i nvention, the feallledaghite ndisderepresents vehecndtueal eresslulgboni rcuit

Is d.c. coupled e g5 soveL.sw.tgeh . S\ e resister
i s connected viai?ﬂ%grgée g%rg%%? g%ﬁgt%%E%%%gu?c%ggg;¢¥1é$h%%erational
anplifier,1®hi chinvembiorB.t o t he change-over switch with its input
termnals, and earth.TﬂgeSﬂggﬁﬁgé§@sd& P8y OF the ML e, VP Pee I €CEI Ver
30 bridge circuit 1s cohnected to the 1nput termhals of a second
operational anpl Fereifierewith ptire ophapgeroyer cofhbel eepsiized #Ratstor to
that input term 5appPbssiénPoe- eHel disarvinghals. COONSEAGELS Bedtd cdled he
swi t ching contacts, of t?e reverser. The otqsr | nput 35 btterqanal gﬁ t'he
pre-anplifier cofnpt¥EyiBgcligher accuracy demands, is obtained in the

15 amplified balancing difference signal, because with

that even the selective rectifier is controlled in
strict time symmetry.

The ygenerator for the hiyh-frequency pulse train
is advantageously quartz-stabilised.

20 The symmetry of two branches of the phase-
sensitive rectifier in relation to earth is
advantageously made adjustable by means of a
potentiometer.

Advantageously, the measured value receiver bridge

— 25 circuits, in addition to the switchable resistor, are
also d.c. coupled with the change-over switch.

A similarly favourable effect is achieved if the
measured value receiver bridge circuit and/or the
switchable resistor are coupled, by way of operational

30 amplifier or opto-coupler, with the change-over switch.

In the case of a preferred exemplary embodiment of
the invention the direct coupling of a measured value
receiver bridge circuit.and a switchable resistor is
realized in that the bridge circuit with its feed

35 diagonal 1is d.c. coupled to the change-over switch and
is divided at one of its diagyonal points. The
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The feature of the direct coupling is realized in -14- the case of
~anat her exenpl ary enbodi nent of the invention so that a second resistorGii)
briédge circuit is connected in parallel to the neasured val ue receiver
bridge circuit on the supply and neasuring di agonal 5 si de, the second
resistor bridge circuit being divided at aJygasuring di agonal point and the
switchabl e resistor being inserted into the separating point. The input
‘term nal s of the gwitahabléi eeshstorhia tnsertéddinbot the psepatratimpnnect ed

measuring di agon t . ' S i dge cj Lt
sem - bridge C|rcﬁ??iﬁﬁhegﬁréﬁ%ﬁgs&%gemgﬁ%hggitpﬁ%gg ﬁéhéﬁftc% éfrgglstor
can al so repl ace rﬁﬁeseennuepbecgsothgrdugqoealcno;ntAmbthb¢ %&Eﬁﬁ#%ﬁ@g

enbodi ment of the bﬂﬁ%““‘i’ﬁehi‘ﬁ atseewﬂnnsslafoeharbéseammfmsare
connected in_15 paral ? he measured_val ue receiver gﬁ@&erUIt

on the feed &nd nd%55aRIA4 ﬂFaﬁBﬁaPeéﬁﬂﬁlﬁﬂd hWRgeRat so Phﬁeﬂe%f eed
di agonal poi nt, th81ﬁepﬁéaé1ﬁerpﬁrﬂagbecﬂﬁcﬁﬁeupled by two contacts of the

reverser. The switching_contact armof.the r ser_th b n ect

to one of the feed di SBn3P°€§?ﬁt§x8Pp}ﬁ£Y %ﬂenélgég é%%$ |%ge
circuit. The inpuoftehe1measunédthelpeerengiverebrédgeconneuiEdlsodtme
paral | el - CO””eCtSQuB§§§UEb”9hQ'éﬂ?ﬁgé-oﬁ% tE€1£$R re@%étgélééhgﬂﬁe

circuits. i nal exenpl a odi nent e Inventlion has a
switchi ng rE@i st oFesksEaY &Ftﬁoﬂhecﬁ? betVﬁenreaétbeandcﬁheb@ubpm%r%%¢%|y

. connected in parafiﬁéttepéﬁatisﬁaﬁtaﬁﬁllgiéﬁngﬁﬂléunﬁgtarﬁaﬁ¢aarﬁ&@ﬁIyesto
a di agonal point, neasu vaLﬁ gelver bri ﬁl circuit, the
- inpyt termnals otn Pﬁé E?Eméﬂﬁi?f?Er 8i fig2aPraniyet o Fﬁ% meRl8ring |
di agonal . The durméasarbhgadiagpnal nefit thermedsiredi valeéatecaivert he
duration [err] Ofb%?&gé”Xfﬁ&ﬁitaEg thereby arranged at the input
15 terminals of a second operational amplifier, the output
of which is connected to earth via a resistor and also
connects to an input terminal of the pre-amplifier.
The pre-amplifier is connected with its other input
. terminal to the switching contact arm of the reverser
20 which in the one position connects to the ocutput of the
first operational amplifier and in the other position
connects to earth. In a further exemplary embodiment
of the invention, the feed diagonal of the measured
value receiver bridge circuit is d.c. coupled to the
L,f 25 change-over switch. The switchable resistor is
connected via the reverser between the output of a
first operational amplifier, which connects to the
change-over switch with its input terminals, and earth.
The measuring diagonal of the measured value receiver
30 bridge circuit is connectéd to the input terminals of a
second operational amplifier, the output of which is
connected via a resistor to that input terminal of the
pre-amplifier which is connected to one of the
switching contacts of the reverser. The other input
35 terminal of the pre-amplifier connects to earth.
The feature of the direct coupling is realized in



rectifier clock time, stands in a ratio of whole 35 nunbers (e.g. 1:2;
2:3; 3:5etc.). In addition to Figures 1 to 3 which serve to -1 5-
explain the deficiencies of the prior art and which have already been
di scussed, various exenplary enbodi ments of the invention are represented
in a further ten Figures. 5 : Figure 4q1gontains an exenplary
enbodi ment of the invention in which a detuning conpensation is applied. In
Figure 5, in G apltheacaze of hhbt?@h%@ﬂ@mﬁhﬁﬁﬁseMH@%?&e%&fo&Ek&b?2d4atare
characteristic sw, i oints,of the circuit acgordin o Fi,gu .
10 represent ed |833§%BSPeSW@§eﬁt§§§° Fﬁﬁéﬁ%ﬁgtgﬁiqﬁe cuite dist
according to FigupoanCKRdFﬁguparaﬁled t&,thg'mnaTuEEﬂo&Bﬂnatte?bi?h&

[ coupl i ng Ofyts r ' I 0 e
di rect pling oh likger @4 HTE BN tﬁ%”@%%%ﬁ&;%%ﬁt%&asu@%hgﬁpégﬁ?pa$he

inverter or polarity reversal swtch are ) ed respe )
circuits accérdi n§i88 Fither secondo resfisitios ger icdzicwis deing diydded

othor 20 hand, he orincrale GO e T SRl tiakie D e
ot her 20 and, the principle qf curren conggp 5 AL

4, a preferably bﬁﬁﬁﬁégﬁrtgggQﬂtﬁnﬁﬁFFg 1066 thesseparasingc Pednf-a The
contagthbreak- diinpntetekminh;shbchther@réfah@ﬂgci@reafgggpégd@bghéggsﬁgér
SW with a nmeasured u er | . I 3
nmeasuring bridge %?tEﬁkogﬁggggkéngﬁngﬁéaop aé%??9ﬁ4§ aﬂﬁ“&éﬁu?&mﬁ%ﬁ

resi stor RK1Ps totwe zesAstowdbridger slirenilhg.wvap semiebridgebrdaiuit,

or 2 respbot ]Ve?Sﬁe%ﬁ"éﬁ%g?;‘%%i?ﬁi%’ﬁ“hh?3&238?‘;“?%%[)%29@?‘%?9% =Epyatets
or respecti . - - ) . . .
chagge-ovgr smﬁtcﬁaBra?ﬁ?eF?@iaSPetBGnFPéPP@drﬁﬁléﬁpﬁu riggealcdrenig.f | p-

Another exemplary embodiment of the invention has

a second resistor bridge, which is connected in

15 parallel to the measured value receiver bridge circuit
on the feed and measuring diagonal side and which is
divided at a feed diagonal point, the separating point
being occupied by two contacts of the reverser. The
switching contact arm of the reverser thereby connects

20 to one of the feed diagonal points of the measured
value receiver bridge circuit. The input terminals of
the pre-amplifier are connected to the parallel-
connected measuring diagonals of the two resistor
bridge circuits.

o/ 25 A final exemplary embodiment of the invention has
a switching resistor which, with the aid of the
reverser, can be alternately connected in parallel to
two resistors, arranged symmetrically relative to a
diagonal point, of the measured value receiver bridge

30 circuit, the input terminals of the pre-amplifier being
arranged on the measuring diagonal.

The duration of an adjustment period Tp, in
relation to the duration Ty of the inverter and
rectifier clock time, stands in a ratio of whole

35 numbers (e.g. 1:2; 2:3; 3:5 etc).
In addition to Figures 1 to 3 which serve to
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flop, FF1. A dynanmic input of the flip-flop FF1 is arranged at an out put
an.overflow signal [err] of a counter Z, upon which clock pulses of a cl
generator 35 TG act. Bit outputs of the clock pul se counter Z are
.connected with corresponding i nputs of a digital -16- conparator V, the
conparison bit inputs of which connect to hig-outputs of an indication
counter A An output of the conparator V, which conducts signals in the
~case of equality edpldin qmmtcmfmérﬁﬁtés If e &)rloﬁfaiﬂi esrxﬁi Ligish A, IS

connect ed mnth o of t ntrol i hputs of. a second fl FF2 The
other cont rol i nitvoATHRRdY e iRt dea TR IR of (e
counter Z whi ch emnhoﬂ.tmtm/esf Ith/e siugmdt:i[cm rdre 'ﬁt&pneﬂemq)utrs af the
flip-flop [err] with a control input of one of the
contact break- dlstances err] respectlvely The .measuri ng

di agonal of ¥ he recei \HQ‘G% "@itftﬁ i 8t Rxenglarsh renhodinemte ofintherhe
output of this pranadididd &n Which @'H@ﬁirﬁﬁ'xé ddperndiiiilon i dppasieq 15
sensitive rectifier Dwhich subs antl con3| ts Oftégﬁ ggttact

break- di stances [err] HhdF¥BHne o LY 'tqﬁe tateage

br eak- di st ances TEHapes, Which aamrotﬂrat:aréd ¢:1 4 \Mhmmmsﬁld hew ifd ahpird op

FF1 whi ch nutuall qgng laverd qpﬁ! Si t aneousl y
control the cont zfyq eaq% oﬂlﬂf aéniclgésilig‘lf eosrcfuﬂgﬁge over sw tc'héo%g i nverter
SW The twd brandterregentrd phase-sensitive rectifier D can be centered by
way of a potentioneterplypdigh &b@tﬁbﬂﬁg&n%taﬂe Spityyyg of the

phase-sensitive 25 rectlfler connects, way of a first | ow pass
filter el ement TEiRRIhaqegriingta %‘&"cnea ifier NV which acts as d.c.

voltage zero anplifierrmiddyeddt 18 1, WHLCifbdsS SiiuEGiditts E vane of a

second | ow pass fd Ir.teecrt ec':oeunEl:LtngT%f V%heh 1Iehcee:|!vn an coxa/poelnts%gce' ! requency

15 network to the inverter or polarity reversal switch are
represented respectively.

The circuits according to Figures 7 to 9 follow
the principle of voltage compensation; in the case of
circuits according to Figures 10 to 13, on the other

20 hand, the principle of current compensation is used.

In Figure 4, a preferably balanced-to-earth
voltage source SQ is connected via contact break-
distances Tpjy...Tp4, which form a change—over switch or
inverter SW, with a measured value receiver G which is

\ 25 represented as receiver measuring bridge with four
variable resistors R{...Rgq. An adjustment resistor Ry
is to be connected in parallel by way of contact break-
distances Tgp¢ and Tgy alternately to the measuring
bridge resistors Ry or Ry respectively. The contact

30 break-distances Tpq{ ... Tpgq of the change-over switch
or inverter are controlled by output signals of a flip-
flop FFq{. A dynamic input of the flip-flop FF¢ is
arranged at an output for an overflow signal i, of a
counter %, upon which clock pulses of a clock generator

35 TG act. Bit outputs of the clock pulse counter Z are
connected with corresponding inputs of a digital



30 - | fr_ansfofrrer UF. According to the polarity of the input voltage of 7@
t he.vol tage frequency transforner, one of two outputs of the voltage
frequency transformer becones signal -conductive. The two outputs are

eonnected with corresponding inputs for forward and 35 backward counti ng
of the indication counter A. Bit outputs af{gbe indication counter A
connect to -17- corresponding inputs of a nunerical indicator ZA The

m_oge ]g)f ﬁperationcaigphhatehcrwi tthies comparisen bitt Aapltlsl ofi whicW th the

aid of the contact break-di stances.5 r]. :0fs.t a = SW t,ch or
i nverter SW thergopge&%r%9éb r8HFPH§Sb%&;ﬁ%e&- 59ggé.ﬁ §%§B$£538r1a5§ UB
of the voltage sowoutpuBQoifortheheompacaton & uhpohenpgd@btsheiénaﬂy ﬁ%g

' ¢C S

cireul t, which SURBIY Gl 33° dtiadiely $iraltinld EeUnRER Bohntehel! oirciRel0

vol tage fluctuations, a square-wave feed voltage [err] wth the exact c¢lock
ratio 1 : 1 Bor tFeunkexrsoft aRd Aeaddr SONRECES ¥ddh enecot - the; §°I‘F§§°§'n
anpl i tude of 2 UBiapshtd oF la0@ectonke®llip=fA0p #FY.e0ahe dithelie conltirage
drops by way of the |nvert3$F§ tact..break- di st ances %5 [er%& tTAf'S
then the tinme whi dRBUE OfqheeFLiip-5198 FFe, copnests, £9, e O¥beRt Ptz o
count, by neans ofthieheocumitess Znvwhdiehaemitispihiec dviey filllowr slignialdt tye stThiel e
cl ock generator T \g toﬁlri]:t t&q:sr %%ettlhtel %riitpr_%q]%g)ng. [ ré efar %mc%n\ﬁ%cttl%di ts !
maxi num val ue [err]. EVovertl ow 2 pul'se F?r%frwhléh I's supplied by

t he counter 12 af t withhe lcomtaolhiapsdnefeong afurtﬂ'li%gioné:taq;né’lleiagk sets the
clock pul se counta&sigdegg'&ogag& h%W% espadtivadlyi,aneously acts on the

f'op FF1

dynam c input of the flip- Ich as a reSult respectively varies

itg 25 swi t ching st A€ AeaENEidgd ddrganal ofe the regeiyere§connectesch
case alternately @y idputs bfCla0Prd-aimp LiALdheveontmed dutpak: difstthiees

[err] and [err] ag%é!ghﬂfy%ier VV is connected to the input of a phase-
15 sensitive rectifier D which substantially consists of
the contact break-distances Tgq and Tga. Control
inputs of the contact break-distances Tgq and Tgp are
connected to two outputs of the flip-flop FFq which
mutually conduct inverted signals and which
20 simultanedusly control the contact break-distances of
the change-over switch or inverter SW. The two
branches of the phase-sensitive'rectifier D can be
centered by way of a potentiometer PL which connects
both branches. The output of the phase-sensitive
N 25 rectifier D connects, by way of a first low-pass filter
element Tq, to the inputs of a post-amplifier NV which
acts as d.c. voltage zero amplifier and the output of
which is connected, by way of a second low-pass filter
element Ty, with the input of a voltage fregquency _
30 transformer UF. According to the polarity of the input
voltage of the voltaye frequency transformer, one of
two outputs of the voltage frequency transformer
becomes signal-conductive. The two outputs are
connected with corresponding inputs for forward and
35 backward counting of the indication counter A. Bit
outputs of the indication counter A connect to
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subsequent cl ock time TAn + 1 the contact break- distances [err] and [er@
of?the I nverter SWor change-over 30 switch are controlled for

tramsm ssion so that a square-wave voltage Us is available at the feed

di agonal of the measured val ue receiver Gw th the required exact clock
ratio 1 : 1. The contact break- distances I¢gf.and T& of the
phase-sensitive rectifier 35 D are also controlled for transmssion in a

‘phase-ri gi d ”Banioﬂ@sp%x{dﬁi yingh@rvttré)rn@ﬁaﬂé&t i fidactza, - 18-
" break-distances [err] qﬁthe rter, j?/ t he re}}éectlvlﬂg\o&ti%on -of t&te
flip-flop FF1, alterndt® y9df ? PRRNE e scribe

phase- sensitive|1nntﬁe€£oIIGWEn¢my denndulates the output voltage of 5
the pre-anplifier VW C d.c.
J cﬁagonalgfeﬁ ec&r?ta&{’ uxe #ue recer \(/ger

current with the nmeasurtng neasur e G and
operates as & phdépe-ddMmy off dethe ehahgemiver ewidichh ot giverntier W,

modul ation 10 ﬁ{@fé‘%serdeitixf‘ed 'ﬂ?onfr %Jié‘xgillﬁ:-cﬁb-féarﬂﬁ dupggf or e

anplifies the receiver neasured voltage [err] in addition'to the

undesi rabl e di st HBkERPRl. £ Uparf e Valirgetsonres Shdiamn-the t ages and
contact potenti algledtoEdE | dtsi ent'# ISF netd r&lwr&ﬁcdﬂﬁ kasiich 15

frequency of which i err er_.can of the harno waves ‘of
the latter. The pr'& Efsi]r?{)l‘f?]]rfear Q‘Ws %ﬁ%ﬁ]ﬁe@s JeRAE, SRF r"-d'%c
conponent s,1Whi clvoldsade fhmmtahrcms, 20 squaareh-weote aﬁpdzercﬂ.t&gef tUg of the
pre- anpllfler wW f Zer{0 f |

Vht%grm) andﬂl aI o9 i 1{1{] £ e ﬁe‘&"ﬁ%ﬂﬁﬂﬂe

together with th ages e recelver

conpensat i on net Visasuned vl memeeiw tGge ['Jéh#q ham amiapghitsise efhe2
pre-amplifier Wl %Lh@@'ﬂéfféd Bt By = 270 SeYd TP ¥Hd GRS YL are
produced nalnlylé]ogg by way of the inverter contact break-distances
15 Tp1...Tpg. Tp is then the time which is regquired in
order for the clock pulse counter Z to count, by means
of the pulses which are supplied by the short-time
stable clock generator TG with the repetition frequency
fy, from 0 up to its maximum value Zpax. The overflow
20 pulse li;, which is supplied by the counter zZ after the
latter has completed counting, at one time sets the
clock pulse counter Z itself back to "0" and
simultaneously acts on the dynamic input of the flip-
flop FFq which as a result respectively varies its
N\ 25 switching state at the end of the time Tp. As a
result, in each case alternately for an n-th clock time
Tan the contact break-distances Tpq and Tp3 and for the
subsequent clock time Tp, , 1 the contact break-
distances Tpy and Tpy of the inverter SW or change-over
30 switch are controlled for transmission so that a
square-wave voltaye Ug is available at the feed
diagonal of the measured value receiver G with the
regquired exact clock ratio 1 : 1. The contact break-
distances Tgq and Tgy of the phase-sensitive rectifier
35 D are also controlled for transmission in a phase-rigid
manner and strictly in synchronism with the contact



i nput, Stage of the pre-anplifier VW, but also as white resistance noise i&5§;>
t he. recei ver and conpensati on network. Al disturbing d.c. conponents are
transformed, in 30 the strictly symretrically connected, highly linear
phase-sensitive rectifier D, into square-wave vol tages of the basic
frequency [err] which, on account of their _gmeat distance fromthe
frequency 0, can easily be effectively filtered in the subsequently

connect?q |FwﬁhSS%r?an€a§s£&?é6£ST£€{[lrgfdﬁfefﬁé the;éfgénﬁir%#ethe ﬁnde
arative i imiing freguency. - :
g?ngperationyof ?ﬁ%sﬂ%ﬁﬁthcﬁ??9E§°Pi?EMFE% gﬁ%ﬁégﬁy%dﬂ%ladﬂl?%¥%at?%¥ in
the fact that thefooithecdupabbohsodfthaetimé pry. siThel plidséhgensitive

- lifi W | : | experie a
reanoncy shi it byqErErer Bothakenl SonSHitades e ofRR Wrifadsing
| ow-f requency noi &ke corpormplifiemr®particul arly of sinple sem -conductor
anplifier input stagesrhetpgeSHnSPd e PPPCLE e pIH Sfn -t &fs SHE fged, i nto

the direct vicinity of the, 10 inverter frequency lerr]. and can therefore
be suppressed | i k%'&?%%“f’ nwjaélh cthe ieagurinm fiagonak of, ReASYERA pass
filters [err] andvdPue Theceiver Qaind Wbperateshasir pliddd-£1iMyaPrwids- of

of noi se 15 .t AR AP FELIO F 0 iR TS BRI i | of <he pew
anal ysing ct@ cui tchawadtenisbic abinexfnem al fregienay | 0. atIii: firhhre?m \imot h
Y oDy S ABELEEL S g AL K2 ST W e dd ok 1
recej ver and choi?d9btion g e fundegirabie distrurhing . c Mpotkiensol t age
conponents in [ erddn®iseinatofoHdid-Arsiptatd )i REei e YRoredeasiy ed
val ues has exclusively alternating components, the basic
15 frequency of which is
fw = =%
and moreover consists of the harmonic waves of the
latter. The pre-amplifier VV further amplifies
undesirable d.c. components, which result from current
20 and voltage zero drifts of the pre-amplifier VV itself.
The effect of these zero drifts is combined together
with the thermo- and contact voltages of the receiver
and compensation network in a substitute voltage ug.
To this purpose the pre-amplifier VV also amplifies all
— 25 noise voltage portions which are produced mainly in the
input stage of the pre-amplifier VV, but alsc as white
resistance noise in the feceiver and compensation
network.
all disturbing d.c. components are transformed, in
30 the strictly symmetrically connected, highly linear
phase-sensitive rectifier D, into square-wave voltages
of the basic frequency f, which, on account of their
great distance from the frequency 0, can easily be
effectively filtered in the subsequently connected low-
35 pass filters Tq and T despite their comparatively high
limiting frequency.



[err] 'of the neasured val ue receiver, have a square-wave 25 vol t age @
shape with an anplitude of [err] which, on account of the set-up of the
recei ver and conpensation network of purely ohnic resistors, is exactly in
phase with [err] Here [err] is the detuniny change of the receiver

measuring bri-dge which brings -20- about19Hhe neasured val ue when its
measuring range final value is reached at the |atter. The factor b

-accordi ngly specifi es Anetheagresudit of tthe medeuloft operetiom ofimddheymewy

ol fage b Lerr T e A b e

\Y} . I 1 - 111 I ]

by the phase- sen%iaﬁtvéﬂ}aé:ctti goise &S‘\Wé‘@si % °b‘?'ypé’itgﬁ,lginﬁ130°ef

prgpor;ional d.ctthbM@@aﬂﬂgyﬂiemavagmstﬁhrdb@bdhhefﬁ?w'pab&eHsIhﬂﬂ T1

and, after post- 10 _. i_figcatlon post -anplifier NV, in.an _

unhi nder ed nnelgxﬁegolet?%%o&g X 2‘1“&9&’63‘%?*1. té'frBY)'Z ah® \ﬁnif?ﬁ“\?ﬁtt'h the

si gn-correct evalodduersrisen veny silstagbdng Jow-fgequesgyenoyser ansf or mer  UF

i s transformed '%ﬁlg@n@ﬂt%e, it dadtilcularly Wel i prl%o‘f«,@x@-%nhhwcy
| to the resp al g o

which is proportion ctive residual detunin t he nmeasured

val ue receiver. PRRldGdeTednputs sdagiesdacdde BOrepy Lper PPPEOEMUSE] ® o
change the inst apicdRROUS ag@UBMIEtRANtiIRHo @he?@irecthiidifiiest bFn theunt er’ A
AR L B N I L Y N T G e
adj ust nent st at e ldkewlisenrdas an ef fectdiwvet mamnesc byb&hebpubsequeat dpwar d or
dqmnmard direCtigﬁss filters Tq and Ty. The noise portions, which are '
~ smaller by orders of magnitude, of the so-called white
noise are not suppressed. Only this type of noise
15 therefore represents the natural resolution limit of
the new analysing circuit which can be approximated
practically at random even with very inexpensive
operational amplifiers. For example, this limit is at
10 to 30 nV, according to internal resistance of the
20 | measured value receiver and choice of low-pass filter .
limiting frequency.
Measured voltage components in up originating from
a detuniﬁg dependent upon measured values

48 = b AR

of the measured value receiver, have a square-wave
25 voltage shape with an amplitude of

bl = >4 Us.

which, on account of the set-up of the receiver and
compensation network of purely ohmic resistors, is

exactly in phase with Ug. Here é%ﬁfis the detuning
change of the receiver measuring bridge which brings



@ -

25+ It has already been nentioned that it is of crucial significf5§%>
for_the linearity and long-tine stability of the indication characteri st

of, tthe anal ysing circuit that the pre-anplifier VW have a nodul ation
eharacteristic which nust be strictly |inear -21- at least in the
frequency range [err] yet not stable in th dong termand that the phase-
sensitive rectifier D operate in a strlctlszsynnetrlcal manner and | i kew se

with a highly IlasaﬁtS the RBRAGATEA bagh% thh §§ gt Ea&ghg&ﬁga%gggaﬁﬁai to

provide, in the phase-sensitive rect
pot ent i onet er PLva&uSo§§|SPPFP?dfGF Fhﬁeﬂ9t§GFust|ﬁgetﬁa§t9ynhetry

Conversely it |Sa&b&QdﬁﬁgiybbgebehéhrQﬁéCaegQBeSMﬁnﬁhkflﬁqnﬁﬁaﬁiahidﬁt'1
the 10 ai d of % ustlng BOSSIbI|It If the, receiver acteristic
is to have even- Rtnb 83?95 BHehBRES - hCEBOgBPétﬁﬁﬁuBF ¥82¥6fi ng

recei ver ané anabytwegncbrandt1kt Thepsgualrbewawet Rodtagg bo.efifees a very

sinple, yet high e a 1 lL.hearity
adj ustnent is pa#%?géFar#éafg%gag hg %F@g?$§ﬁﬁggaﬂa|§¥| 8§HFr8§ #b Yer and
above the four céhﬁtPhgsée§aa§sti§9r§§Ghi§dernDF|gqr€e¢tlhasnatgraatef

di gi t al ”EaSUreds!ghve1h€§05UFk6Po§Ei6néisa|E 0§o§ts ﬁﬁ&cﬂusﬁgrggés

counti ng decades he case. of oss Itires o Igital’
circuit engineerFHﬁoﬂﬂPcﬁhﬁx}QV Padgy 1étFE53ﬂuFP€n BéFﬁEeﬁoﬁérr] and [err]

can be achieved amplmatcaseonfbyutnetpostxam@mmfnag quaﬂﬁSahecones
is.a ensible to

sensible. In the Lncreased_resol yution

apply a variant oﬁﬂ?ﬁggﬁﬁgoﬂFﬂﬁﬁf ﬁé?Shkﬁgoﬁgp LgﬁrégghPﬁﬁs ﬁi%§86r324 and
which permits thand| whicht whbhosigheconteatneeadbationi hg thee fluctuations
of the pre-anpligigied¥edf ¥E61tads EPEquency transformer UF is

transformed into a pulse train

27 or zIab (auf = up; ab = down)

15 with a repetition frequency which is proportional to
the respective residual detuning of the measured value
receiver,

The counter pulses produced thereby

r Z
z ° Iab

are used to change the instantaneous counter content of

20 the indication counter A with its counting decades, of
which there are four in the exemplary embodiment A,
Ay, Ay and Ag, for the purpose of approximating the
adjustment state of the measuring circuit, prescribed
by b, in an upward or downward direction.’

25 It has already been mentioned that it is of
crucial significance for the linearity and long-time
stability of the indication characteristic of the
analysing circuit that the pre-amplifier VV have a

modulation characteristic which must be strictly linear



finite change-over duration and the charge-reversal 30 effects of th
change-over stretches for the adjustment resistor [err]. To this purpos§5§E>
by neans of a correspondingly -22- designed control systemafter the
occurrence of an overflow signal [err] by blocking the |ast conducting

i nverter contact break-distances [err] or Joqrr] respectively, the
measuring receiver feed voltage [err] is 5 set to "0" for a short period
-of time [err]. latthéesstyolh ative ffreqeénde, raigéhe end of [err] the
change-over of the resistor RK takes place by means of the sw tching
stretch [err] or [err] as does the reversal of the phase-sensitive
rectifier D. 10 Only at the end ofug quthgr short tine span [err]
is the feed voltage [err] agai¥ sw @Eﬁgqxi n" by ‘Way" ofdyme conpl enent ary

i nverter contact break-distances with reversed polarity. Reference is .
further nmade to the fact that the 15 counting, conparison and control

D the oxempl ary Labors HEn L e Baen GO e o e P oy b
in the exenplary enbo nt_represen in Figure 4, ca applica e
Solved by a m cf FFRREELES SRPEREISE o (QREART bkt SHELGHIX PYe R ERa b
for other tasks. mﬁnnerﬁsné.l;keﬁisetwmthaakhbghmeltngnmtion of the .
anal ysing cigcul o BeLPRpLEe! ot Vs g COhEFdrodl%adfititddbud s 1S the
possi bility of ef?ecflng a sensible integratron rn a cus ot esi gned _
circuit which carP¥evided im the phasecsensitiveneectbbier D withnthgaph a
of Figure 5 the %ﬂﬁ?eonatfﬁﬁﬁﬁﬁﬁbV?%ééﬁ%&&ﬁéééroﬁLIh& ??ﬂéiﬁii&tieﬁ&tver

I's represented along the tine axis t, The an€¥|tude of squar e- ve

al{ernating volt 1e i 340 13t ing bt e SYMebF Br i t(Rer¥RRsely  itnRinddSPo 2
UB. The period ofp@dsiblél terimtisdurel hegesyim@tiA. coddeicesly peitlwdtHé i s
t he

10 aid of this adjusting possibility if the receiver
characteristic is to have even-numbered curve elements.
With cooperation of measuring receiver and analysing
circuit it is possible in this way to effect a very
simple, yet highly effective linearity adjustment.

15 Such a linearity adjustment is particularly
recommendable if the analysing circuit, over and above
the four counting decades represented in Figure 4, has
a greater digital measured value resolution as a result
of a greater number of counting decades.

20 In the case of the possibilities of digital

Y circuit engineering which exist today, a resolution
between 103 and 10® can be achieved so that use of five
to six counting decades becomes sensible.

In the case of increased resolution it is also

25 sensible to apply a variant of the embodiment which is
not represented in' Figure 4 and which permits the
elimination of the influence of running time
fluctuations of the pre-amplifier VV as well as the
finite change—over duration and the charge-reversal

30 effects of the change-over stretches for the adjustment
resistor Rg.

To this purpose, by means of a correspondingly
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product of the maxi mum content Zmax of the counter Z, divided by the
repetition frequency [err] of the counting pulses which run into the
counter Z. In Gaph b of Figure 5, for the purpose of 35 facilitating

t+he understanding, the shape of the output voltage [err] of the network of
recei ver and conpensati on -23- resistorsygs plotted with the assunption
that a bridge detuning of the measuring receiver is exactly conpensated by

-means of the neaa@ssgnéalaanhwoh sybtéﬁlabte&lQﬁbedcebeﬂaacevef ah t he
resistor RK for a Wi t,chi ctivel

preci sely and thgvﬁﬁf&grnﬁﬁ?nﬁ y@s?YrggﬁFﬁé&gtﬁgggiéﬁti§°¥9H€F&H&d For
~this adjustnent dnzeetear ceathctdpreakedtsthackesp®pse W?QﬁeﬂembbveT?% t he
larit f th t ru :
Phat the ©ntear af CAELEFRVe1Rs" hE' meBERriRl 24BetOE] sba GoTEshe! B 4
measuri ng cﬁrCU|§e§utpuP0voﬁp£ge ahprtomerhednoﬁeﬁumsftummtcﬁnnghus t Anf ang
(Translator's nObsltégaamee 3ta E) a¢eknd EHH' o¢! gglf ;;heeci'iéngs leq: ef0

| onger has a d. por i on a_pre- I'catl on
the first |nstan85 tha§§§ﬁ§&°FoRKetPHS§IPlépeobﬂh@eéﬂﬁlPf|§893|gnal

under goes polarusyltenengabtbataaamg obrt g oPas- a6Rki ther riyerBal of
phase-sensitive cantroll ed polarity 20

tl .
reverser, in eac%ﬁga gasgxggpﬁgkéyetﬁgcgﬁgﬁgﬁ “[err] it is therefore also
no Ionger pOssi bl e f oPndydat. ther endnotfoaofugithere shorthéimeuspaor tgg

output voltage [ggrkn@f eLBY WBIEGGESDE h4En' §G1LEWER Pn’ b9 Way of the

U complementary inverter contact break-distances with

reversed polarity.
Reference is further made to the fact that the
15 counting, comparison and control task problems, which are
solved by means of individual switching elements in the
exemplary embodiment fepresented in Figure 4, can, if
applicable, be solved by a microprocessor which is
already present and which is required for other tasks.
20 As a result, the task-specific portion of the analysing
circuit can be considerably reduced. The result of
this is the possibility of effecting a sensible
integration in a custom-designed circuit which can be
used in a very flexible manner.

o 25 In Graph a of Figure 5 the shape of the feed
voltage Ug of the measuring receiver is represented
alony the time axis t. The amplitude of the square-
wave alternating voltage, which is generated by
polarity-reversal, amounts to 2 Ug. The period of

30 alternating voltage is 2 Tp. The semi-period Tp is the
product of the maximum content Z,,, of the counter Z,
divided by the repetition frequency ft of the counting
pulses which run into the counter %.

In Graph b of Figure 5, for the purpose of
35 facilitating the understanding, the shape of the output

voltage uy of the network of receiver and compensation
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-24- _these alternating conponents of [err] which portion could pass through
the lowpass filters [err] and [err] and as a result woul d erroneously
a;iect t he adj ustnent value of the analysing circuit. This would, 5
-however, very probably happen if the phase-sensitive rectifier underwent
polarity reversal at times which do not exagjly coincide with [err]. There
originates fromthis the demand for an extrenely tinme-exact, phase-rigid
-colntrpl of the dﬁéﬁ};ﬂﬂtﬁtﬁ}[ ib, pmeQBdemr:hOgléogssuinfﬁtgﬁﬁothag.edf _Wir:ﬁ.llilgéhe ]
pol arity reverser the feed.voltage..ln Gaph c_of Figur , finally, the
Chape of {he dorBabPad 8F: oE bERRgnB.FRRRLySEnAs PRARRE (i o\
which is really tompensatied, bysmphost off thet measayxedovalBe byabt ko =t he
| nput side by a BgasybbRAaCLhatbb-BYLR LY BhEAOBSUBELE RR Bggondance with
G aph b and_a sinul taneous superposition of this voltage Lerr] by a_d.c.
conponent [&rr] &¥ikchépgrinotimer §edpff respecthr¥epyebanpllaf PEPCYFCAY wel |
as thfrnv- and fﬁﬁaaﬁhezﬁd usﬁﬂéh&g9§?b8?5hﬁe&ﬁi§éﬂlﬁFg?hféE'is Bothd o

si gnal conponents appear .a e ut _Q e pre-amplifier, |[ncreased by
Che anpl i 11 cat 1 ofCRELEAPAy: BPE( PBLPapadnstpent, atatR SR PASH « he
denodul at ed si gnadjustimbatadlosknpulset Areedpeptliveabf thet pohardty of

I nfl uences has 2 C S a I.choaf fect agdj.ust ment
val ue any Ionger?hgsmgﬁgqagﬁgdgggggﬁa%hggédthélgggﬁiPﬁédggigéggﬁagégéd.c.
vol tages i hfo sqtbat- thecintegrait deyevaliniggs tbe andthmetdcs megueMajue
[err]. A precondition for this is that the denodul ator D has a 30
characteristic which goes exactly through 0 and which is strictly linear.
There is represented in Figure 6 a furth@r exenpl ary enbodi ment” for a
directly coupl ed neasured val ue recei ver Beand a conpensation resistor RK6,
in

of the measuring circuit output voltage u; from the

moment of switching in tanfang (Translator's note:
Anfang = start) over a full clock time Tp

. _tAnfang + Ty
u = m
m, T, J[
o tAnfang

no longer has a d.c. portion. If after a pre-
N\~ 15 amplification, which in the first instance is assumed
to be ideal, of

u
m
o

the amplified signal undergoes polarity reversal by
means of the pre-amplifier by the phase-sensitive
rectifier likewise acting as controlled polarity

20 reverser, in each case, exactly at the instants
tanfangs it is therefore also no longer possible for a
d.c. portion to originate in the thus formed output
voltage uy of the phase-sensitive rectifier D from
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-25- Wwhich a detuning conpensation is applied. Connected to a feed voltage
source SQwith the voltage 2 UB is a polarity reverser SWwhich supplie
the feed di agonal of a neasured value receiver Gwith a 5  square-wa
-voltage [err]. The nmeasured val ue receiver G consists of a bridge circurt
of four resistors [err] which are variabl e2é+th a neasured variable. The
connection points of this bridge circuit are designated with 1...4.

- Deviating from tihess radternatingcemmonemts afccording to Figure 4, a
conpensation resistor [err] with which g detuning conpensation of the

out put signal of the neasured value rece®Mgr G can take place, is fixedly
connected not to a corner point of the output diagonals, but to a feed

di agonal point. wﬂﬁdhtﬂurﬁﬁdhiﬂbuldtﬁhssrﬁhﬂﬂuyﬁ ﬂhywﬂowApassnﬁxﬂtﬁﬁ5cm

resi stor RK6 can, be rnat connect.ed to th di 3 of

t he out put di agor?alas1 ft Fe8Y 5 o4 eércrtoé%%qﬁalﬁa gﬁécﬁ' ' each

case, to one of adwsmmgn waésaestqﬁ $Heeraria lyts iRgy msqsmﬁ-vel'lghiwwlrdesult

of this 20 c t‘,m;{y.p ts retelpVily t hat

t he detuni r'rjg [erri of’ the n?asur&b} val U t="r’ihgcjgvtglré E)I’I d%;édc%ﬁtdiﬁftél onal on

measur ed val ues ¥aGFifien amsiardent Relppity ixeviarRaladcitddep yhirh o

counter- detuni ﬁﬂ:ﬁ)fe:idutlty istitcibie Wittt af) t,pgii%rs mre:@lda:ﬂjn%;es t he
oa

detuning is det ans of asuri.ng val tage
[err] which occ etq}‘r% tgfﬁ M&%’r{ A% EXYFE 3%&? VAR recei ver G
and is anpli f i ed:harset-hag)rde-cmn:ﬁndlr @f \the Tearcedula wonihe wdialo adatmald put
of the prg i t A-TolS iﬁﬁ nat es
fyomthe vgl tage sour ce J%ed\/\ﬁlél{]her og'#ﬂgl QJ conteg];t(yg; %

toget her with twekt@gdest ors RG serving the purpose of bal ancing, fornms the
phase- sensitive rectidig¥agi JdLSPIALY ) FihO4 Pthe shape of the

demodulated output voltage u, of the pre-amplifier VV,
which is really to be found; is plotted in the case of
15 action on the input side by a measuring circuit output
voltage up(t) in accordance with Graph b and a
simultaneous superposition of this voltage up(t) by a
d.c. component u, as a result of zero drifts of the .
pre-amplifier VV as well as thermo- and contact
20 voltages in the measuring circuit. Both signal
compounents appear at the output of the pre-amplifier,
increased by the amplification factor V4 of the latter.
o It can be seen that the demodulated signal in the
adjustment state despite all disturbing influences has
25 no d.c. components at all which affect the adjustment
value any longer, as the demodulator chops the
amplified disturbance d.c. voltages into square-wave
alternating voltages of the basic frequency f,;. A
precondition for this is that the demodulator D has a
30 characteristic which goes exactly through 0 and which
is strictly linear.
There is represented in Figure 6 a further
exemplary embodiment for a directly coupled measured
value receiver G and a compensation resistor Rgg, in
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-26- voltage UG of the denodulator Dis, as in the exenplary enbodi nent of
Figure 4, processed further. The reversers.SW [err] and [err] are
controlled in the same way as the switching elenents [err] and [err]
-[err] and TQ respectively which are represented in Figure 4 as

sem - conductor sw tches, for exanple, MOS.5EET transistors. A further
exenpl ary enbodi nent of the nmeasured val ue receiver, pre-anplifier and

* phase-sensitive wifich &Qjéﬂ\{diq{g é}gga/uﬂah t,_fya tig®went reversers and a
conpensation resistor_ is resente onents, i,ch are

simlar in terns of t%‘?’e ‘?j%ltfq c,"%\t gjet%cﬁ% 3R (R
reference symbolvolasagen 2 g ciig caJlglo]&Imedlménséi e:1§ erlﬁchﬂmptﬂ.ies

neasur ed val ue rageiyely QAdRlAL SISt Ny IRl S VE 6 WY N

are connected toge one geci rcunt
di agonal pdnts SHW-MaJﬁe waldiage dgonhs aaeasnred sl usmpinengives; G

connect ed by Wa)é:dHSJ. R&¥ 1P Cidde ﬂ%éﬁ*@tﬂf fdhir rdAI RﬁV.V.a.tR

feed source SQw.th the d.c. voltage 2 UB. At the output di a
of the measured Wdiqh @I&:éfax@la%q MiEhsa measuragk Varif ebl'ed

gﬁﬁpensat I 03 reﬁi&itﬁct{ﬁx{ ]pdi&mmg.r tiathd didde @.ﬂﬁﬂﬁ? F§i rﬁaﬁg&xgﬁg 3b.
e neasured val w cei ver i s here r.epr nt as a fu ri dge
circuit, yet it b et}Se‘l‘f -%e déﬁ“t %‘iﬁi‘ftté}eo %rr ‘H%‘?ﬁ’} uit can
al so be udéd. Theedondigesy o RisyBze am.d asb:muperwatdromtméqﬂd:tmmcnﬁmct ed,

}chEaho: E:ral?,g ° ﬁﬁ*ﬁ%‘ﬁ%’?ﬁ 4 ﬁ]édu&ﬁémec an:‘t]'lh%.i %Lf E)af‘ep%{%gonﬁq poi nt

2of the neasur &f \@%@W%Wa@uqk@qﬁr‘ﬁ%ﬁ v depkevitl@cedr dfs at the

{ﬁs' stor RK7 [erfilxddflyF Quiitdted PR id I Qv Puiiie-o¥ thdlodtgpud i n
e

nt 3

diagonals, but to a feed diagonal point. With the aid
15 of a reverser Syg the compensation resistor Rgg can be
alternately connected to both diagonal points 2, 3 of
the output diagonals and with that is to be connected
in parallel, in each case, to one of the bridge
resistors Rq or R3 respectively. As a result of this
20 change-over, the adjustment factor a is controlled so
that the detuning %ﬁ of the measured value receiver
bridge G conditional on measured values, in the
temporal mean value is made precisely 0 by the counter-
detuning of the bridge. The instantaneous variable of
— 25 the detuning is determined by means of the no-load-

running measuring voltage

u_.
m
(o]

which occurs at the output diagonal of the measured
value receiver G and is amplified in the pre-amplifier
VV. There is connected to the output of the pre-

30 amplifier VV, the operating voltage of which originates
from the voltage source SQ, a further change-over
contact Sg, which together with two resistors Rg
serving the purpose of balancing, forms the phase-
sensitive rectifier or demodulator D. The output
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tinme_ratio a = [err] of the measuring receiver voltage -27- [err]
acgording to the principle of voltage conpensation. The other circuit,

whieh is not represented, for analysing the output voltage of the
phase-sensitive rectifier D and also for the control of the reversers 5
corresponds to the details which can be infggred fromFigure 4. Acircuit,
which largely corresponds with the circuit according to Figure 7, is

5 gpreS_ent teﬁ itnt Eiv@urt;ﬁd_dd of fthey ?!é;nfd%fﬂl;aft?ﬁciﬂ G\,t aacaer ldjn@g dx@nlpigie 7
In na e 1e I agonal_ .pol n (0] e [ val u recel ver
SRt GBS+, BB SR B H o] at 1 he

bridge Gis divi&
separati ng poi nt rexreliserss 1SWeiSiRr and 1S alriee coattaiol ledn g ttheosamsf walye

points la or 1b res tiyval L? F |t ag ere 1 f
pol arity-rever saﬁ%svv?‘t(\e‘cﬁs @\ﬁ h e?%el S vo: t@é’gé ‘c'oer élsa |1o%ngve 3 tr?llfhe
case of theS5circian aadofgiongespeditdyiedys vinligh ane.represapdadd ifor t he

pre- anplifier amiuibe 40 alseigeniA donduttior At s Alfet XRIpIRY, MOS-
conpensati on and_2 rectifier conplex is shown in Figure 9, which
conpl ex oper at es F&dc &F@MFG5E@%Be princi pl e of vol tage conpensation. In

this connection, the molfpﬁgme[rere:deuqﬂdﬁyeemuqaﬂm;iitagxf\aﬂhe)ﬁnqdhunahsure.d
Compensat | on res VAR RESAIvent Bbes WP S i, S Fhnautys o 4
anplifier I&rr] trecatidiext pompleit ajdl dhe pefrtiimentorevensens/@nghla switch -
SW One of the iRy .etn%rﬁ@i'&‘ll ¢ fiéé&{%gfseﬁgﬁésfén%dvgixp@l@?@é 7.0 the
out put of the operational anplifier , the voltage 30 rop [err] at
t he_conpensat i on COBPONEHEF e Miichn @rfesimilar o denma ofctthedral ternatel y
on the other inpwlgnaefidadliony, WHe Hendted Wit IR 'damel iR fiduice/ol t age
of the pre-anpli fs'y%ﬁao\i\é Iasé ri%prt?xséercl:ti%%\iir{ raeclcaotrldcz)i.r}n_‘;t Q‘_o Figure 6. The
15 measured value receiver G again consists of four
resistors Rq...Rg which are connected together to
form a Wheatstone bridge circuit and the feed diagonal
points 1 and 4 of which are connected to a feed voltage
Ug, connected by way of fhe periodically switchable
20 reverser SW at the feed source SQ with the d.c. voltage
2 Ug. At the output diagonal point 3 of the measured
value receiver bridge G the bridge is divided and a
compensation resistor Rg7 is inserted into the
separating points 3a, 3b. The measured value receiver
S’ 25 G is here represented as a full bridge circuit, yet it
is self-evident that a quarter- or semi-bridge circuit
can also be used. The bridge points 3a and 3b can
alternately be connected, with the aid of a reverser
SU7, to the one input of the preamplifier VV, the other
30 input of which is connected with the output diagonal
point 2 of the measured value receiver G. The partial
voltage which drops at the resistor RKy

o = Us. i m.

is connected in opposition by change-over of Sy7 in the

time ratio a = tg/Tp of the measuring receiver voltage



anplifier [err]. -28- An exanple of a circuit for a neasured val ue

recei ver and conpensation network is represented in Figure 10, this
operating according to the principle of current conpensation. To this

pur pose, a neasured 5 val ue receiver bri<fm-circuit G and a conpensati on
bridge circuit K, which consists of four resistors [err] and a switchable
resistor [err] aramcanuemdddgiMOpaheIbehnuﬁpmetbﬁivoléagedbegpeasataod.

[err]. 35 where v signifies the anplification of the operational 6§;>

ol Bt ty- roversa sw t SHehFARs°Lifrulf, \WRIBACES 48 t?@eiﬁsentet 8507 one
of the out put d|agaﬁAVSpagntheoputﬁetcgﬁééﬂgatpﬁntb¢|sgéSErsenai ived and

Fethe?hthf Separibb?ﬁfﬁ@knbsahheéisbeﬁfrﬁﬂéegohﬁﬁo§mbfcﬁﬁélﬁeﬁéﬁééi?rd o
err e connectli on INts | .are altern connpecte Yy
e aer 1B " BEesraBoRas: tr thacdptatdrnnien, ciu Boninferesd REaR o
the pre-anplifierFYgyurendects to two output di agonal points, mhich are

connected with each otRecirgé%% wh&g %9g§%§u§§y££§P§%§de§£ h&he case

of this circuit 20 ar ran cuar [err ron1the
measuri ng d|agonabsrsﬁithecneaémngdthFmgurEC%vves bepugseated bnfEégure

agai nst the shortgcirgui 11 @¢pr8NErbl Phet BereaTpeRsabkainb’ LYoPiGhEEUTt K.

In the interests of |ow reaction_on the receiver bridge circuit and | ow 25
| oadi ng of fRe cuFPeﬁpa§oGPGefSEﬂa#FaﬂﬁBaErPebétréngtBPE peagpged value

conpensation brldgécéhﬁéulbrKdgéeGdQEIdﬂ@ﬁdé&tanﬂlShc6ﬂ§éﬁ§§ﬂ£6n A vari ant
of the circuit accordi tR Figure 10 hs regrﬁﬁente i
KE8e

d gg d Elaure.%é.1The
brihdge circuit K hgg§+36°x Sy 2BEeLHed # € ESRﬁE@FfB , PPy as
sem - bri dge consi $bi.ngAokreveeseesBggoaliteenatetindcéhevtshohéeof the

points 1a or 1b respectively to the output voltage Ug
15 of the polarity-reversal switch SW. There is voltage
| compensation even in the case of the circuit according
to Figure 8. The input voltage up for the pre-
amplifier amounts to up = Uy - Uy = uy - a. k.
A further measured value receiver compensation and
20 rectifier complex is shown in Figure 9, which complex
operates according to the principle of voltage
compensation. 1In this connection, the voltage up at
the output diagonal of the measured value receiver G is
amplified by way of an operational amplifier Vgpy. A
" 25 compensation resistor Rgg connects by way of another
operational amplifier Vgqq to the output voltage Ug of
the polarity-reversal switch SW. One of the input
terminals of the pre-amplifier VV connects to the
output of the operational amplifier'VTz, the voltage
30 drop Uk at the compensation resistor Ryg and wet (sic)
potential acting alternately on the other input
terminal by way of a reverser Spyg. The input voltage
of the pre-amplifier VV is represented in relation to
up = VvV . up - a . Gk
35 where v signifies the amplification of the operational
amplifier Voo,
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swi tchiabl e resistor Rkll inserted between them This variant is achieved
&

singply if the resistors [err] and [err] of the circuit according to Figur

10 are nade 35
whi ch a current

infinitely great. A further exenplary enbodi nent, in
-29- conpensation is used with a conpensation bridge

circuit, is diagrammatically represented in2B-gure 12 In this connection
only the conpensation bridge K consisting of the resistors [err] and their
-5 connection to theArexiampbe aof ha ofitdiel teforradneasured evaluer bri dge

G i st i f ot i st : ] . gh a jst
COrS L1 A2 g Eongsn Ao, OB Tk L

[err] thereby perm

€ connected to

the feed vol t age FHyuree! Qv t thiscoperatingniceard big ste the pripeiple of
further exanple f@irféhtcobmSONBLESGHL ONTOfthil® PRASSEE(] A aheBshLER! Ver

out put signal

di agonal poi%ts

S reﬁresente in Fig re 1

I' S ¢onnectl on, out put

. Ip th { he
Vatie sreFeiver s Q%dciﬁ?ﬁktr%c%? e? g9¢35%sqgfon circuit

G connect to the hiddge@poisceitak, opkichi consistpl of i foudTdesistoost put of

whi ch connect s,

way of ,a resjisto he_one in of t pre- Lfier
W. The periodically" tH ﬁgéﬁggv%rsY%Eﬁﬁggi?aﬁ%sT%¢??q%5h%éd$§et%s?ﬁggl %uts
of a further operinipacalbedlwithrtheir]|feed diagenals pard opubbith can be
connected, by waygpiggnifsisSten ehd fesgVB1dE] bSER] cahAgEB2LSVERY Wi th ©

earth and the already nmentioned | nput

re-a I er W. The other

i nput of thEQ pre-ReFATITETIRRLESRhBYLtER 8W apd with that topita.ewpruky
embodi nent s repr egeTELgle abL . hayket 6 tREtGhEpRE ALEg6RAD! pOIntHeHEEEREE I N

terns of d.c.

volta

f _ coeghbe in
LG Uhe change- oveSRRPREREEN BRLSancki be) LT LA SraBateeeRrthRe o "

devel opnent of theeparating points there is arranged the switchable

15

20

30

35

resistor Rgqig, the two connection points of which are
alternately connected by a reverser Syqg to one

input of the pre-amplifier VV. The other input of the
pre-amplifier VV connects to two output diagonal
points, which are connected with each other, of the two
bridge circuits G and K. In the case of this circuit
arrangement a short-circuit current iy from the
measuring diagonals of the measured value receiver
bridge G is offset against the short circuit current iy
of the compensation bridge circuit K. In the interests
of low reaction on the receiver bridge circuit and low
loading of the current source SQ, all the bridge
resistors of the compensation bridge circuit K are
designed with high resistance.

A variant of the circuit according to Figure 10 is
represented in Figure 11. The bridge circuit X has
been reduced, in this connection, to a semi-bridye
consisting of the resistors R3' and R4' with the
switchable resistor Ryq11 inserted between them. This
variant is achieved simply if the resistors Rq' and Ry’
of the circuit according to Figure 10 are made
infinitely great.

A further exemplary embodiment, in which a current



30- tonpensation lay no claimto conpleteness. It is possible to deriv
fronlthe basi ¢ sol utions described here hybrid circuit arrangenents in

mhlch the neasures, which formthe basis of the invention, are |ikew se

applled - 30- Clalns 1. Analysing circuits for passive measured val ue
receivers (DM51, DPMS2) having ohm c sensor inpedances in bridge connections
w th adjustnent of the output 5 S|gnals’3p “the receivers provided by

b e shanges chabSTREREISS £ tedd SubrhobShebiiitidh Bhugeron o' o
t h I I

ggugtgpe(gz?ngﬁd citcuihe bshélaghamg:tboellposepre$EHQEdhendﬂigggegfgnal

of 10 a digita# egpgrgégﬁeé tﬁ& ceﬁgaégﬁ?é?§i§ggﬁegffd khe clock

pul se counter (Z2 or war ¥d count connect to the
output of a sign-caBpisting Qﬁltbger¢$éﬁb@ﬁ%y31raﬂsfdﬁﬁerawﬁwtyeiEMOse

i nput vol t age ponébﬁﬁéceioﬁntanehéfbfﬂdeél BP&hER 3P thedméieﬁﬁe&evélﬂeal
that is rectified by a % se- _sensitive reCtIflf é[) g {llte ed

| ow-pass filter (GRYSLVRTwWPFifigerG) §enaisting ot sthpereiiator n%l“%h%4
switchabl e resistbs $Rynw th chang@wgeroresisimtc&;{§Wh@ﬁ%yobéndibs t he

oo b S LS Ao (U OE LS Byt 7

synchronously conthe| feedweokhtage Bhahg@edwbthsthc@dJ%ﬁbmentef$qurb§ the
conbi nati om@f the ppllowing features: 25 a) in order to anpllfy

t he balanC|ng di fference_signal the phase-sensitive rectifier
preceded by a preanpli?diEnrEhes ?ﬁ%?P%?s5°¥r§H§ﬁ?¥§ ﬁ°@PeE%%%Bﬂﬁn?§ Ehﬁ

operates over them@&émfedtfranﬁm ﬁéé@ﬂvé@gd;@ﬂpmtm@n@haﬁg répe@sented in

frequency respongg curve1§oge£ e£hls gognectlon, the output diagonal
points 2 and 3 of the measured value receiver bridge

15 circuit G connect to the two inputs of an operational
amplifier Vg4, the output of which connects, by way of
a resistor, to the one input of the pre-amplifier VV.
The periodically changed-over feed voltage Ug connects
to the inputs of a further operational amplifier Vg3,

20 the output of which can be connected, by way of a
resistor and a reverser Syq3,alternately with earth and
the already mentioned input of the pre-amplifier VV.
The other input of the pre-amplifier VV connects to
earth. .

25 The exemplary embodiments represented all have the
feature of the coupling, permeable in terms of d.c.
voltage, of measured value receiver and compensation
network to the change-over switch SW. The
possibilities represented of the development of the

30 compensation lay no claim to completeness. It is
possible to derive from the basic solutions described
here hybrid circuit arrangements in which the measures,
which form the basis of the invention, are likewise
applied. '



.30 _ "highly linear nodul ation characteristic, ero anpllf er
(NY); and b) at |l east the switchable resistor g!ﬂ"ﬂﬂﬂﬂiﬂﬂuﬁ @
change-over switch (SW by d.c. coupled devices. naly
.circuits as clained in Caim1l, characterised in.that the phase Sensitive

rectifier (D) -31- has a strictly |inearggharacteristic which runs
exactly through the zero point. 3. Anal ysi ng CIrCUItS as clainmed in Caim
-1, characterisedeilaimgat the neasured val ue recelver bridge circuit

(G and/or the swtchagble_resistor g 5) A EB ed to the chagﬁ over
switch (SW. 4.  Anallysi RF3MYPIRG; S1ZSULLS 5 P YPneasungf, ¥AdELsed
in'that the neasmeedlverse(DusebvBMSBnlhgvlngrohmnc(épnand/dmpeﬂances

suitehanl e resi sygl ptRihe chinectdnis RIRE LAY kELAE BBARAE: BUEpuRH L O

(SW by neans of operatlona I'ng circurts as clai ned
in daimi1, 5char§é9§ﬂl§e9flﬁhﬁhéﬁcgﬁgetﬁc@FQE#dBﬂl ye coOntdpneugdy and/ or

the swtchable rﬁ%ﬂ%&ﬁkeﬁRﬁhaﬁbé-GQEEeBEGQ E@siétor Whﬁ)ChﬂﬁﬁéhOKQr swi tch
(SW by opto- cou | ers yS|n§ circuits as aim3

characterised in PH§F°ﬁﬁ8dn§§§Gr8&ev Pﬁ@gﬁe8¥F5e9°5Fg&88 P Eg%t (G, which
has its feed diagvaaE16w0signanle¢ h0cuhekcbamge-cmantennth)(Sﬂﬁ into

di vided at 20 t a
resistor [err] or Ferr e?s%P%s §§eF gggﬁgéggeggréPlnégtgpﬁtg %?egk
swi t ching ¢8ntaca gigithlt nempeve.ltgerr (P¥dr £hat F@mPPrﬁépth@esotlbenﬁﬁagﬁnal

point at the 53p%h@tbiacﬂobﬁisé”@ohﬂﬁeknﬁﬂb)tShﬁ‘Qakérg%rhrﬁagﬁward

preamplifier (VW) are arran? he neasuring d ona he neasured
value receiver bFPHBESEi (&}t coppected to the output of a sign-

sensitive voltage-frequency transformer (SPF), whose
input voltage consists of an amplified balancing

15 difference signal that is rectified by a phase-
sensitive rectifier (D) and filtered by a low-pass
filter (TP), in which analysing circuits the receivers
and the switchable resistor (Rg) with its change-over
switch (SW) controlled by the overflow of the clock

20 pulse counter (Z2) are fed from a d.c. current or
voltage source (Up) and the phase-sensitive rectifier
(D) is synchronously controlled with the change-over
switch, characterised by the combination of the

following features:
N 25 a) in order to amplify the balancing difference
signal the phase-sensitive rectifier (D) is preceded by
a preamplifier (VV) that also transmits d.c. components
and operates over the entire transmission region with a
phase-linear frequency-response curve together with a
30 highly linear modulation characteristic, followed by |
a zero amplifier (NV); and
b) at least the switchable resistor (Rg) is
connected to the change-over switch (SW) by d.c.
coupled devices.
35 2. Analysing circuits as claimed in Claim 1,

characterised in that the phase-sensitive rectifier (D)




gal vanically connected to the change-over sw tch (*SW, thersw

resistor [err] is connected between earth and the output of a flrst
operational anplifier [err] whose input ter3irals are arranged on the
change- over 35 swtch (SW, that the nmeasuring diagonal of the neasured
val ue receiver brhageacstrictly Ginsanrchaxpcteristie winicherumpuexactly
termnals of a segong, %%Iigf% gfier [err] whose output is connected
to earth via a resistor and arran on one of the input termnals of the
preanplifier (W), whiZh haAnalysmeerireples s claimedain Gkabtld to the

switching cont actcldradtetiSed Ve SRt [ Bhid | maddFred nvamee %@cmﬁl on I s
connected to_the 0ou

Of the 11Lst operatj.onal err
corthl it hed ot e 188 FLFCUEE (G R piaLbnotes  erf el €] epliton Gral m 4
10 char act er i sacke id. ¢ hatowpbed casl thegeiigefovdre smb&hecswm ue

recei ver bridge CIrCUIé (CQAﬁg i?f?g éf%ﬁﬁf{Etégtéfa 05; QLS i tch

(SW, the switchable resistor i'S connected V e Tevéerser [%err]
bet ween t he out pugharagterised nxmthatmwe memmd ‘(a/lm) regeivens

h
its input term nahs; e r@ﬁaﬁéo ﬁ%ﬁ@%%ﬁ%w%ﬁ%&é%siﬁ@reﬁi]gw

that the nmeasuring dla onal = of e measured val ue receiver bridge cir
(G is arrarfyed FAre h@??%‘ﬁeq e??n%sc%n%\es%‘é%ﬁosvbb%@bt(%hlbﬁén‘b??‘ﬁ er
[err] whose out pwf i cperubsiall ampl Bf Lors. resistor [err] to that input

‘termnal of the prea I fi ich i s, conne dto one { he, -
switchi ng contacts of The M%’rn?e?ﬁc%%st% ‘b]re (ﬁ xRN Tt s
connected to eayt¢h¢§a¢tmr;sa®r1nrmgg_tthenreéeiﬁﬁr brldge éhrcufhauyblng
circuits as clai nggy )8y @Rl B} tochable resistor (Rg) are connected to

15 the change-over switch (SW) by opto-couplers.

7. Analysing circuits as clainmed in Caim 4, gﬂ' at ‘the
feed di agonal of the neasured 30 val ue receiv ﬂﬂ,ﬂ "l@"! (G |s€§Z:>

as

t

6. Analysing circuits as claimed in Claim 3,
characterised in that the measured value receiver

bridge circuit (G), which has its feed diagonal d.c.
coupled to the change-over switch (SW), is divided at
20 one of its diagonal points (3 or 1) and the switchable

resistor (Rg7 or Rgg) is inserted into the separating
point, where the switching contact arm of the reverser
(Sy7 or Rgg) replaces the diagonal point at the
separating point and the input terminals of the

B 25 preamplifier (VV) are arranged on the measuring
diagonal of the measured value receiver bridge circuit
(G). .

7. Analysing circuits as claimed in Claim 4,

characterised in that the feed diagonal of the measured

30 value receiver bridge circuit (G) is galvanically
connected to the change-over switch (SW), the
switchable resistor (Rgg) is connected between earth
and the output of a first operational amplifier {Vpq)
whose input terminals are arranged on the change-over

35 switch (SW), that the measuring diagonal of the
measured value receiver bridge circuit (G) is arranged



’ >

char.acterised in that a second resistor bridge ¢ nnect ed
patallel to the neasured val ue receiver bridge c”'m!” (mJ ’@B”ﬁf suppl y @
end and the neasuring diagonal end, where the secb resi

:circuit (K) is divided at a neasuring diagonal point, the smntchable

resistor [err] is inserted into the separatjzg point, and that the input
terminals of the preanplifier (W) are connected to the parallel measured

" di agonal s of thechwehéeshphulr toringdgelsi 6€uat §e85nd obera&onam Anal ysi ng
circuits as clained erise

e —br1 dge, vhoBBPHERAERetVFe) ¢ BOSRPREBUEnASSRPRRREEPD FRSPRFEP TAR11),

replaces the secandesésteroandradgangéad. oAnahgsoﬁgthermuput terminaked in
daims. 5 | CheEache’biednphikhal ¢ v{ *wAtBR Ha€Ndea"dehl ERBAY! | N

di agonal end a secon SISt I'S connecte gara 0 the
measur ed vaPue r§§§ﬂ¢§ﬁlbﬁpﬂgéc§9¢c hﬂhﬁvhtﬁbépﬁtﬁﬁn arlgarEsofi fheed at

a f?edtdla?O?ﬁl févafséﬂdi§§€£sﬁﬁﬂbﬁthﬂgtﬁelahe'E?%gtlgnOEQU@bﬁﬂeaﬁea“D
contacts o e
fot: bt FBe, E1kok opehay Phal "aRRl ERIEE Mridoal s

swi t chi ng contac oP“
of the preanplifaad td\Veagth tnnthetethép pbeipﬁonLlel measur ed di agonal s

of the two resistor bg;dge%g gggﬁgné?ﬁaPi ﬁé)ﬁléz 8&n$hy§iggmchrCU|ts as

clained in daim3, rac revefser

[err] thelBwit cgmwwhbefaedeanagenylceﬁ ntheecepgured
parallel to two 0ﬁ§h§t9€ée96egobrf? Qecﬁfaﬁﬂee@sya&geareceeagéléa'ﬂge
re s poi nt,

circuit (G, whic nretrica arran ative to_a ona
and t he i nput tth?nﬁhénSP'?ﬁérpFEa hi 1($@ (e avitghahhgeyeshstas

measuring di agongkygq3) is connected via the reverser (Syj3) between the
output of a first operational amplifier (Vgp3), which
15 has its input terminals connected to the change-over
switch (SW), and earth, that the measuring diagonal of
the measured value receiver bridge circuit (G) is
arranged on the input terminals of a second operational
amplifier (Vpy) whose output is connected via a
20 resistor (Rq3) to that input terminal of the
preamplifier (VV) which is connected to one of the
switching contacts of the reverser (Syi3), and the
preamplifier (VV) is connected to earth by the other
input terminal.
e 25 9. Analysing circuits as claimed in Claim 3,
characterised in that a second resistor bridge circuit

(K) is connected in parallel to the measured value
receiver bridge circuit (G) at the supply end and the
measuring diagonal end, where the second resistor
30 bridge circuit (X) is divided at a measuring diagonal
point, the switchable resistor (Rg19) is inserted into
the separating pbint; and that the input terminals of
the preamplifier (VV) are connected to the parallel
measured diagonals of the two resistor bridge circuits
35 (G, K). _
10. Analysing circuits as claimed in Claim 9,



13.- Analy5|ng circuits as clainmed in daima1, 25 racterised in that
gengrator (TG for a high- frequency pul se trai E“ﬂﬂlﬂ@r“ 1 u |sed 14
er (D

Anaﬂysing circuits as clained in Caim2, chara T
symmetry of two branches of the phase-sensitive rectifi S adjustable
with 30 respect to earth by a potentionmefsy_ (PL).

characterised in that a semi-bridge, whose branches
(R3', R4') comprise the switchable resistor (Rg11).,
replaces the second resistor bridge.
1. Analysing circuits as claimed in Claim 3,
5 characterised in that at the supply end and the
measuring diagonal end a second resistor bridge (K) is

connected parallel to the measured value receiver
bridge circuit, which resistor bridge is divided at a
feed diagonal point and the separating point is
10 occupied by two contacts of the reverser (Syi2), where
the feed line is arranged on the switching contact arm
W of the reverser (Syj2), and that the input terminals of
the preamplifier (VV) are connected to the parallel
measured diagonals of the two resistor bridge circuits
15 (G, K).
12. Analysing circuits as claimed in Claim 3,
characterised in that with the aid of the reverser
(To1, Tg2) the switchable resistor (Rg) can be
alternately connected in parallel to two resistors of

20 the measured value receiver bridge circuit (G), which
are symmetrically arranged relative to a diagonal
point, and the input terminals of the preamplifier (VV)
are arranged on the measuring diagonal. _
13. Analysing circuits as claimed in Claim 1,
— 25 characterised in that a generator (TG) for a high-

frequency pulse train is quartz-stabilised.
14. Analysing circuits as claimed in Claim 2,
characterised in that the symmetry of two branches of

the phase-sensitive rectifier (D) is adjustable with
30 respect to earth by a potentiometer (PL).



