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-1- REACTANCE MEASUREMENT CI RCUI T BACKGROUND OF THE | NVENTI ON 1. Field of [
the Inventior This invention relates to AC reactance sensor ciyg&nss >
ane nore particul.arly to capacitance transducers for measuring pressure.

Prior Art.1n the prior art, various AC reactance neasuring schenes are

shown.  While many such techni ques have been successful, a problem10

of prior art schenmes has been that typicaILM_the anplitude of the (peak to
peRk) voltage applied to the sensor circuitréahasubeen'the controlled =
parameter for such circuitry anREATTANGE MBASURBMENG| EER@ITesults in reduced
stability of the output signal. geRgeidinbher TE0RivENGRON di sadvantage has

been the require- 15 nment o r provi de such peak
to peak voltage to a varying readti veiedddf the J¥8RA1eH t hose skilled in
the art, a transformer, thRughinh@ht{¥nilre PR QB CAAREEctdntePédsod Eib&illebyt O
reliably acquire than resistors, capacitors, or solid state_com ponents.

Eli mi nation of t R PEFR PEFREFULAESY| 10 CRPAG 13BER CHTRRAdYRRTs fopmeadpyEingnd

power required. deekgitdier problemis that such trans- formers do not |end
thensel ves to use with hybrid circuitry. Such hybrid circuitry with an
interactive or capacitive sensor?ts d&3PFaM%. Elinination of such
transformers results in aIﬁLWHﬂib@ﬂ6&|ﬁ?th¢Kﬂfﬁﬁﬁ,Ad(?%EétdﬁastméésUQWhi.séﬁimgs are
SUMVARY OF THE [ | ON, | - of_the.pres [ ntion is to _provide

an i nproved AC r-ea@%ﬁ_ce'thelgsﬁ%yﬁéhﬁﬁPr“cetf?(ﬁl‘g{le%pg%é?\Pgéﬁoébé: CES i 8‘n9‘t°g’16@
sensed in wy ch tdfepebat nok pcheasstters been mhakr gpieatyy ahheaammiiicndée |of the
constant peak to pe ol le .anh_osclllator 3 ., 10 A

react ance and Mi-@ﬁ%}éier/oc@%?ggdfgg%ﬁ qalpgéﬁ?“{:et%i %l(kjéucst%?‘\g/)éer ccgﬁﬁ ]l'“nté, hégg"r?'gst%e
transf ormer, f1’ornntmnklsdiﬁdnmhetei(fotheudKZc&?cﬂiﬂiyaﬂf&%chaﬁﬁﬁwﬁnndhﬁnJoFQag%
coupling is facil] d ving the AC reactance elecirically isolate
(floating) with r%éﬁ%gggj%ﬁgrgg%nf ds%g ility o Jﬁe output szgnaﬁ.

One further significant disadvantage has been the requiré-
15 " ment of driving a transfbfmer to provide such peak to peak voltage to
a varying reactive load. As known to those skilled in the art, a
transformer, though faithful once'operable, is more difficu;t to
reliably acquire than résistors, capaciﬁors, or solid state com-
ponents. Elimination of the transformer results in a reduction
20 of size and power required. A further problem is that such trans-
formers do not lend themselves to use with hybrid circuitry. Such |
hybrid circuitry with an interactive or capacitive sensor is |
desirable. Elimination of such transformers results in a functionally
improved, lower cost circuit.
s  SUMMARY OF THE INVENTION
| One object of the presént.invention_iq to provide an

improved AC reactance measuring circuit responsive to a condition
to be sensed in_whiﬁh the_cbntrol paramefér is the frequency of a
nominally constan;'peak to peak voltage applied by an oscillator
30 to the AC reactance and which circuit does not require inductive
coupling, such as a'tranéformer,_from the oscil;atof to the AC re-
actance. Non-inductive coupling is facilitated by having the AC

Teactance electrically iSOlate§ (floatingJ with respect to ground



-2- potential. The circuit, according to one enbodi nent, provides chargingz
ses to and di scharging-pul ses froman AC reactive sensor, Wwhich varies
r gsponsi ve to the paraneter. to be sensed. The sensor, preferably a .
capabiftor or a plurality of capacitors, is excited by 5 the oscillator
ugh a rectification neans. |n one preferred enbodi nent, when the
rectTfication neans conprises a pluraljfy of diodes, the rectification :
means is inproved by having | ow voltage di odes, proximtely |ocated to eaﬁﬁg;
other. The geeehtilor Fhe\dideyito acRETHEEHEAATOEMBIIIMFET s ARAYLIEY and®¥
the rectifi Al gl fTease 530GhE Al Hh g Bubfils Trom HORCNAAde100MKEIBE,
peak anplitude, 1 varying oscil-lator signal, the frequency of which-is
control l.ed r«pgbneaziest pesRPASEVRITGSNE (PATAMEEAT SQphLi Eg: EMERR I '
- control resg%ﬁe% Fbiy R e¥pe kYRGS QNpl@ta13RY $OTapREl forsNRIE xcTbed by
advant ages tﬁe application of the 15  ~same peak #o eak voltage to the
conbi nai on Wie eFeilda®edr thRoyste ar BRETHTLEAEIVh "Heths 15 PRy 5Pbarent as
unwant ed ef feRBb&imeniti, Chhel ehaatectéfi esrionatéans gémpriseseaingalpun afet er,
may then be inproved by cirgcuit, conponent sel ecti.on and.arrangepent. .. \Wen
a plurality dpPdesnsdie B?i"cF‘rféE?F’fq“egEana’r &S LpToYgd ?%2&7’@36% %@gvgﬂ;i%j' ect ed
to the same dgid¥s, itloxagerelyAlbtudeddeto aghenbelger.i s that the same reference
voltage is applied ti

canmplifi wh se o]l .are i
Addi ti onal advant ages g?@s‘;‘aﬁ:&giiﬂ@’ I‘r!g?ﬁsste%on egc%%?“gﬁ%ﬁgg‘g??%% gr et%erred

enbodi n@Nt s. arRRkfE FICSCRL EARich f¥FanEHES RIALRGSViXH the sensor a nomffgilye 1 i's
a schematic representation of a ci | {,.8 ' LRk gesent invention.
Figure 2 is & T‘ra“aé‘ 78R le’%‘gr‘?t’a %nt’%ﬁagl-otghggnengogﬁﬁg@nt "of the present
i nvention. FRiigufeequdncyyef winichhibs coohroidtedc resgunsdenttd ithe ejfangegoin '
further enbodi ment accoerding te. eSftlrok VR e ONin  improved ERhed iBRLON
OF THE PREFEﬁQEBrE?\%?k% Dg‘s'%:‘ﬂ%b‘??on of 2 n-er/e?qu“lttgo?" Fgure 1 *

al and cost performance. The advantages of the application of the

same peak to peak voltage to the combination of the sensor and

Lol
wn

the rectification means is readily apparent as unwanted gffects,'
which are not_fepreseutative 6f'the measured p;;ameter, may
then be improvéd by circuit compdnént se1ection and arrangement.
When a plurality of sensors and rectifiers are desired, they are

- 20 subjected to the same drivé-voltage. A further adgantage is that
the same refetehce voltage is applied to amplifiers where sensor
currents are combined.- Additional advantages are apparent from ;he'
descriptions of the preferred embodiments.

_ BRIEF DESCRIPTION OF THE DRAWINGS
- 25 . Figure 1 is a schematic representaction of a circuit

according to the present invention. | 5
Figure 2 is a schemati¢ representation of another

embodiment of the present invention.

| | Figure 3 is yet another schematic representation of a

30 further embodiment according to the present invention.



L]
Figure 1 is a schematic diagramof a circuit enbodi ment of the present V\L
I nvention shewn generally at 10, which preferably 5 Is used in &
conj unction with,an AC reactance type differential pressure sensor cell,
and, which pref erably has a. pair of variable capacitors [err]. and [err]. "~
Stray cell capacitance is conpensated for by an adjustable capacitor [err].
V\hlle two variable capacitors [err] and [err are shown in Figure 1, it is
t )e understood that for certain 10- applications of the circuit, the
AC reactance nmeans may, as DESSRINTAONGF aHe mnem:ewaomnmwsmr ot her

applications, additional active acltor ctar her AC
react ance neans can be used. In iggwt O GinEiE oF. Figlire ! useful as a
circuit for a capacitance Rigessur éssErsshenativd diggrapupf rhiocuiermbsdinest 15

conversi on of the.£apaciiage ShaRlod Suan (BLkS dLrREL L RHLY SHE LD W0

wire current |oop, havi an-extern power ere
direct curreft isim Lx[sudlctn ernpéndthien seitbean p rea¢m3e¢>fpe| dl{ﬁﬂ;‘epneﬂar red

enbodi-ment , CapaC%{é}J se?ngrQefgrv\?]n]d whicke p%gferablpoﬂﬂeq b4y 2 ogh pa'f:le

having a conmon ¢ paC| com ‘prises a diaphrag ym whi ch
at |east partial |9avelceé@=r5i @QI gnd &eﬂdu%‘-‘li‘ia%'ec%ﬁlsﬁé%wtﬁﬁ%? e'15n°°menlséa§4 For

portions of the chaniesdialhsld aabRsi fate. 13maLe %ecafwalele/aﬁe@eyﬁst icve
and these wall portions formsecond, plate® 14 and 16 for capacitors_[er

]
and [err], 2S . ikFectivahgvn 1pr EiSESoly IR dfeta Do) ENATSIPPG AReyfoT ceTtain -
i sol ated (fi@atl nﬂaplf'wfﬂdnlaeofrmswf@fuhouse Ag féacthhed MRkAs s, as des:.
requi rement of in- -ductive cou g sfu ﬁ% a transformerh ‘;J’ Qm a
oscillator to pl A 0P8 3cINE, Pk 9 o rlép%*é:FéT%ﬂﬁ y 3 le‘lzgf’% active
el ectri- cally i swoipatitbrsf,| ontmdgﬁd-nfsomt rehelzr aosmhaceandsousam cathps the 30
condition to be neasure fferenti.al ESt ,Pressure.
appl i edt o one si d& P’ht gdgémnaﬁgnbel?écgn%s (i.ss 'é‘%e"?lr ig % ﬁPf“gd"otro a
second side of .pl ataapaextanlébameszsﬂre ssenisen, mi‘gedczrcu.ﬂ, embommdf; séowsd _
pI ate 14 Or1seCOnganmeggJ.eonlgfd%e@qgﬁa.ﬂﬂc!\hﬁtéﬂﬁi 5) %ontrol the direct current

'in a two wire current loop, having an external power supply and

- load, whereby ‘such direct current is a function of the sensed pa-
- rameter. ' o

1 and Cz are
200 formed in a chamber having a common capacitor plate 12 which com-

In onc preferred embodiment, capacitors C

‘prises a d1aphragm which is it least part1ally ‘electrically.
cqnduct1ye disposed therein. At least portions of the chamber
walls facing plate 12 are electrically conductive and these wall
portions form second plates 14 and 16 for caﬁacitors C1 and Cz,
28 Trespectively. Preferably plate 12_is electrically isolated (floating)
~ from the transducer housing to eliminate the.requirement of in-
: ductive'touplings, such as a_transforﬁer,'from'a'drive oscillator
to plate 12. Second platés 14 and 16 preferably are zlso electri-
- cally isolated (floating) from the transducer housing. When the
30 condition to be measured is- dlf‘erentlal pressurs, a first pressure
| P, is applied to one side of plate 12, and a second pressure P,
is applied to a second side of plate 12. Plate 12 is then urged



r3\greater than, or less than, [err]. Myvenent of plate 12 changes the
iﬁpgl ng between plate 12 and second platcs 14 and 16 which results in-a

c ge of the capacitance of [err] and [err]. Such sensor 5 A
copfiguration and operation is fully described in International Application
No. PCT/US 81/01329 entitled Capacitive,Pressure Transducer Wth Isolated
- Sensi ng Di aphragm owned by the present applicant. A rectification means for .
rectifying stoaweais 1esoadPLEFOM 40T seaBaRlAter 56 [dePppdemtepn |WhesheT é’r,r] i s~
shown generajd graiue%ﬂzhandotnpéslsdesazd,l edes \R2cadt 34 pruteChPatiahgés C5, %f

det ector diodes 26 -and 28 for C an ect or, dj odes, 30 32 for [err
all of whichthf 8PR&ing, EG%FF‘aP‘l%F"cbﬂn’é‘?t 2ee9ng Bll"‘]‘t(?lsvxé? d’"goﬂﬁd‘g‘t"f:hg E:I os!ad

| oop.  Secongbsph&s einlé afan&erdsﬁ the ezpw&ecm bEtG/\ﬁaﬁddlzodeSuélﬁ safish28;
.second pl ate ? IS connect e agetwee |odesI Q_and 32- and

Gapaci ¢ O | SPRLAERIA AP BRI i BHEE e HREoH" 1 FRANE Bbr f of mance
i S i nproved agpaicaEioni Ko cRCTHUS r&idaBSZBOestm:diedsCatamdesvezzreMreZG 28, 30

and 32 are subs , iall -
s nates CirATRRAT A ol fEed SUR LEDELACUER Bl 5 SHE pRLRRL o be
obt ai ned by 4pphitghthounting of rectification nmeans 20, or nounting

rectification means §0r9&1%1éﬁﬂ%em&h@swt&-ct@fyl%hﬂgnrarxexear%s RNt i Ng

techni que, as desire such proxi mate ‘mounting 1s shown by the :
‘dot t ed 44 nescapaaiearsl 6si g F-@Q:tq S ieathoyn grnerelho atDP@dagd 2inclades 26 28, 30

and 32 pref &fiode9 22 2R84 irayeca%akmrf @rWaJeC{e@Q&d‘dQBHéBJ 2600 E5PP
characteristic. A voltage controlled oséi|llator 34 is coupled to plate 12

by a line 36 &“%Lﬂ?&le{}t HEAESRI0y 20 32t 59F Cpedk! OF pRifh §iPdesyare: a
contr]?I | efl fgeequermcog@etaciﬂeaten tJathoﬁw&C::bmtﬁ:tiﬂg acndsé& Rop. CBeRbRE to

. rectificatio 0 snooth cyrrent s ar e onsi ve
~ to capaci toréla[té pﬁs %nﬁl [%8r FOnegse rqe\fé'ﬁefbﬁ(?gﬁ?lq FB? %4 segamd F{ﬁtsep44 and
46 formsa voldg ageCdiisi dmne&ced)s:&tpemrdxbdeesomnam 7£énd \dapad:n.nalre((pdwered '
by the out pufs ‘éQJu{eacQ%doée:t%eXx?'&l%%s% “'é‘{P au§[%ex‘x%3¥:§axx§ hﬁﬁ‘é‘ﬁ tage -

di vi der prOV|des a circult reference signa
coupl es the mﬁoyeﬁ/ghpn n!g.qtpqgmag.xgn means 20 such a.s diodes 22, 24, 2§, 28

30 and 32 are at substantlally the same temperature, which sub- .

stantially elxmznates themmal drift problems Such thermal sta-
20  bility may be_obtalned by hybrid mounting of rectification means
20, or mounting rectification means.ZO on a single substrate, or
~ other proximate hOunting technique, as desired. In Fig. 1 such
proximate mounting ié shown by the dotted Llnes 20A enclosing
rectification means 20. Diodes 22, 24, 26 28, 30 and 32 prefer-
25 ably have a low forward conducting voltage drop characteristic.
A voltage controlled oscillator 34 is coupled to plate 12
by a line. 36 to édpply a nominally_constini-peak to peak voltage
at a controlled frequency to plate 12. Capacitors 40 and 42 are
_coupled to rectification means 20 to smooth current signals which

50  are responsive to capacitors C; and C, as driven by oscillator 34.

2
Resistors 44 and 46 form a voltage divider across power lines 79

and 76, which are powered by the output voltage of a voltage



operatlonal anplifiers 50 and. 60 to the voltage divider to receive such
reference signal. One input of an output anplifier 80 is also 5 - couple
by line 48 to receive such reference signal from Sl The inverting input of
anplifier 50 is coupled to second plate 14 of [err] through |ine 52, a
current: summng node S2A, and diode 26, and is coupled to plate 12 (the
other side of [err] ) and to [err] through -8rode 22. Line 52 is al so
nnected to capag 95:040310 thusbeéh\éeeal“ﬂg@d3§v1?d@ra§'pov%aes TQ%-EH{J eﬂ"étference
re esentative of [err] *ﬂg % and current gnt of 19%&
conbi ne at node $P#M3natt sul r‘aﬁi‘m’c r&?l‘fPHe§ fhe “°§| ‘feé?F' g
inverting input gpertabhal fan@l i fikrisSSCaindl 60 doo thecaridape atioridér ofo @-ed:sf.]veby
a line 62, a current sunm ode .62 throu h. di ode _30.4 i $s '
plate 15 12 (fHe &teﬁs?e%‘iq‘délwlcz%‘b dn?'d o f‘ﬁrwtgﬁtd“'ﬂc}l‘ﬁgpl% ealgﬁ
i.s connectedgto ea@ﬂcadt by Uihebes vmemecbntéesuéiﬂ rafidrdvte sTgnalclromrd; -
representative of C and the current re ntaLJve on¥%
([err]).conbine at node 6N FRYCTHES, ALRHYG ﬁﬁt%ﬁséﬁf 051§ ?e‘he"" §f“'s?“61rs
54 and- 64 provi delaeeddack GOthhmghn\IEné iS2g an:put-snvfsuaﬂmg odp| §34,easd SO
and 60, respectl f [ t, 72 of L er "] d he
out put of . anplifi erx%agt’h!rl%%gh quﬁ’elgfls lgg and (tI‘ °thzgs 1d§n§ péée%%&n)cft
i nput 73 of anpl iCLi xronghi ¢iadeup? ed Ltmetﬁe toud ot corﬁnqmptlil $d erp&Qi tolrr dUgh
resiStor.66 nd @gli bk S ut I hrough
line 58 and'& res gf%?l ggoc{efzgv\%nrd P?ne .&% E@%%%‘Edrenn@tf?ﬂti%&:.&g ggué | é Clg)
t hrough |ine 68 &nd cuirent sﬁ?ﬂ‘ﬂ@@@lpewﬁr CLi fig~g 79C°mh0mgl at inode 78R4 @nét‘#“@ns
as a differential.e@flanki ShprefnenPari N9 r}g_lg 2 e dnvelsid NRULSE (R ﬁ[giﬁ
73) and. prOV|d|n§ean ghtpufnfepresedtat$be o#gguéﬁ ol ear%s%n nta ﬁne
to control #8%i§0 isopoupded Tt sprend Flagy hésop'oﬁprbédathmeugﬁ |a| nes 76

and 79. A sunmi ngupein¥ sSnhidly Rbd& W2k, 1&fo§ghe&;\uaenaaiIaqdelz&oea@edilzedslé%%
and is coupledtothelnvertln anplifi by | i ne 80A.

capacitor 81Sis d8u q*\ﬁd°F’Pﬁn5P~gﬁe"8§é\)t%’q tﬂecgéhm“g% d’-?‘?)e f34- te?’-”cenéz is
current si gnal S. cofwedtelll €6 3PadiwirenaYdtwiedn (d1edeSBO and 24. * The current

representatzve of C (lcz) and the current represeneatlve of C

(1 ) combine at node 62A and the resultant current is 12 Re-
szstors 54 and 64 provide fﬂedback to the 1nvert1ng inputs of
.20 amplifiers S0 and 60, respectlvely
' A first input 72 of an amplifier 70 is coupled to the
oﬁtput of émplifier'so through a resistor 56 and a line 58, and a
second input 73 of amplifier 70 is coupled to the output of
amplifier 60 through resistor 66 and a line 68. First input 72 is
*és ~ also coupled througﬁ line 58 and a resistor 75 to power line 7§.
Second input 73 is coupled through line 68 and a resistor 78 to
- power line 79. Amplifierf701fuﬁctions as a differential amﬁlifier,
cdmna*ihg the signals ﬁt its-inputs (72 and 73) and providing an
utput representative of such comparison on'a line 79A to control
30 oscillator 34. Oscxllator 34 is powered through lines 75 and 79.
| A summing point S for circuit 10 is between diode 28 and |
diode 32 and is coupled to the inverting input of amplifier 80
by a line 80A. A capacitor 81 is ceupled'from line 80A to line 76



current control 82 but may be coupled directly to suitable inple-

'[ ntation or readout neans. Current control 82 is also connected to |ine
9/and to termnal 88. Anmplifiers 50, 60, 70 and 30 are powered S
through lines 79 and 76.. Gircuit.10 is supplied a regul ated voltage

t hrough voltage regulator 84. RegulatqQg.84 is, for exanple, a zener diode
84A connected fromlines 79 to 76 with a resistor 848 connected to line 76

and to terni falfigger\fia sysTevneientis odePliZies  8Gprrdenadly) b8 qoypied t age-~

-y

regul ator 84:¢hye3QeRt ddnt@s1 782 30E mfy her couRUYdifkerly Ofo tshec st apid-al | asf

const ant (regul atedg voltag Circuit; 10, preferably |s ‘al.so coupled to a-
two Wire cur F‘S‘i‘ﬁ“llﬁ p°T 128 ﬁ‘h‘ DRI dhH SUETE %|°§PBF°W§| chs fdyopeonfiected co

pot ent i.onet en i Re mheﬂm eoclaefmdaqabky amp® 5F1 2QUPL £, 070 hﬁdtw é’.*%r goweded 86

and 88. |In thb e%b? gé v per of pot tloneter 5 cou ‘g

known fe®dbalRTIugn Lings n?‘f érr]gn\'ﬁﬁﬁ‘(‘:h &5 SRR e a‘o‘?‘e ét‘f 8F 3%

wire current thisigh| )/?Itlfug@ugggﬁe::bstm 9®egt®1mm poiizt, Sor Rgclainﬁté)r a94er$d1?ks
- a const ant P9 Lt f eedback c A vari e rtion o

he T eednack EtA% B4R sPerFsd om KRSF 20 S Fonbtth SSYariBr cpPE il e

The conbi nat ronliofe ¢aranants tdming) 88. SVaIfaggtsonﬁnalzed osciihVardr A¢ isput

of amplifier r l GO d. 0, t

regul at or 84°¢ ?‘gpltete&r ?ny Qgg &%Iq%%\% rzg ﬂc%rer eﬁ{nﬁ% 7§ sdhconp:{ et ggply

t hr oughl@n enfetrmalsueimtyabn' FAUstand doegolated?d ewbutega 921@9@@ é@ to -

term nals 86 g&% v LG, f e 2

The enbodi meﬁ I%EI %e g%r%o%bygﬁe%:%egcaggchrgrgg HE léo[otzar"r‘ ou%‘ a[err]

with a knomfw%kdm-‘ééﬁpan“@@hew be\ai P@Wé%‘%ﬁﬁ?eé# giowa sehamagkealdy

product osci L} aggor cbé%fg&me/@ upeowsméﬂﬁ%wssa ah@!gy.S tRchi3PaRdaRER:,

measur ement vary 't he to peak voltage ([err] I ncid y frequency

(f) to obtai# wmrdeélmnémqtem $3 GoupdeTta pall bcip) kna@ tfneébaqb [err]

([err])is!tn wf-‘uw gy;f% +0f § RIRRESET pbPVRIH b@Nehd f&etﬁﬁwot u@ee Qhrbdx

voltage (V) s hel beSsubst anti al I y-constant_whil e frequency .
(f) is variedlth ‘659‘&3'11 TRRESTRF PretP ot PO RS- pr%ﬁ:ﬁiét"’{ F%“ S’Jﬁﬁ ¢ net hod of
- varying frequmntq:mzahnofhe=ée&af¢kdc35-enc c(o )rol Al vardhbestjoreish nce

the portion g rec |f |on maan 0 ;associ 3 err] di odes 2 and -
e 02 Bof 9

15 summe a. sum poin th 1

sﬁ‘h’ﬁ’

iy The combmanon of currents (i 1’ i,

28) is refer

c2 and i ) at § af fects uhe

20 inverting input of amplifier 80 :hrough line 80A. L.ne 76 is coupled -
to the voltage regulator 84 to terminal 88. The two wire current
loop is completed through an cxternal sunply 90 and series connected
'1oad 92 coupled to terminals 86 and 88. |

~ _Operation of the Circuit of szure 1 . _
25 . The embodiment of F1g 1 employs three capicitprslcl, C2

and C ‘with a known diode detection scheme. %hile the concept of a
.controlled product oscillator 1s known, convnntzonal osczllators
for capacitance measurement vary the peak to peax voluage (V ) and
incidently ‘requency &) to obtaxn the deszred controlled :rcduCt
30 (P), so_that P = (fV )
' In the czrcuzt of the present 1nvent1on, the amplitude
of the voltage (Vpp) is held to be substantially constant while the
frequency (£) is varied to obtain the desired controlled product
(P). This method of varying frequency_to obtain the desired

control is effective since the portion of rectification means 20

[71]
(7]

'associé;ed with C; (diodes 26 and 28) is referenced to the same

smal |l but -



-7- peak to peak voltage as t he portion of rectification neans 20 associ - [_-
ated with [err] (dlodes 30 and 32). (Line 36 applies the sane voltage

([*err]) to each of the capaC|tors [err]) For exanple, when voltage on |iné

36 is positive Wi th respect. to line 43 (during 5 a first potrtion of each
cycle of oscillator 34), [err], [err] and [err] are charged positively, and
when the voltage on-line 36 is negative with respect to line 48 (during a
ségpnd portion of.the cycle.of oscillator- B4) [err], [err] and [err] are

charged -negat i ye&w ;oD;'éémgroQti%é’i gwex&# o2 Py&h@lei; Chblad 9f. %o&l
char ges p05|t|veﬁ2/ hr ou li,ne 7 capaci‘tor 81, e 28 to second

plate 14 whichafed ¢dap ihctiddades A ) 12, (f'-éF‘Prs“{ épp}lqmtbn saPec ¥RhEEced
to oscillator tay bl 0Ec3G¢ B icd adfir3aee kil ol @or% Q3rOb arfilC! gnedf

osci-l.1ator 34 char ges_posi.t thrbugﬁ l'1-nes7 capaci t'or 42,
diode 30 to tMPl@gpl em el ing |Jc§hPP$1—TédRJ vhth TesPecS ti Limef r‘ﬁsecqé'llaae 12

conprises G whi Pﬁs'tspm%ﬁCBPCLath &rdlle! batdlei2134b:D¥4]),1d1€ 86. 2kl Ngrd
second portion of a cycle of oscillator 34, [err] charge§ nedati veby
through I'i ne 76hai@sdepodiitdyel B4And| whan rhe Yad5age tor Lime i b8lcneBBti¥e second

plate 14 of C ,aa( febgace. enzmeaus @&ﬁqgowelcbﬁa YorddoPh e, kHe c’éféle &uring
the sane second 20 - portion of a cycle of gscillator 34, C2" ch ar ges

negati vel y thr 88gHRrERe 78, Cpa;ﬁ%zc?’c‘ € 88Te Figeeg negativtlynd Brird 46 of

[err] and thengg-gn Bfé&dh 32 i(hyQSSléﬂ'%E@ilﬁﬁ%OQHJil ge éﬁiraegfﬁbéaQEV%IVﬂ of
Cs, connect ed throu h | ate 12, connected directly to oscillator 34 by

line 36. &9 cRBFYEE p t’fs\'/e‘F%PaGﬁ oF 1lp sE1956r 28 oFP Gecand placeiq whigh
oscillator 34 ihraadlnttion. with pieperidifosss 84Avhidangs 7&11-1639@@'60“ 40, and

Ok 22 G ISR R 38 " AR A o B
of .currents [ery¢ieand ¢srildllatar ¢4,f chianges pbsiepadyt eerghf Lir 7k, and C2:
capac tances | Sr{e a0k Tor eodf 300ke [ Antd P3RS SRR O P st s o
([err]). Cl¥renith [(6Fs] pdage[kd cpmprisesnBptuiddhbis capaeitedr so 43 cadaud and
regggegm'ep;f 84 1y hekd 156l NepdARg! L Allcofil §Ri8n d £ by &I okCSddit1ator
34, Clncharges negatively through line 75, --ner diode S4A, line 79,
capacitor 40, diode 26 to second plate:l4 of C1 and thence on
plate 12 to oscillator 34 on line 36. - During the same second
20 portion of a cycle of oscillator 34, C2 chargés negatively through
line 76, capacitor 81, diode 32.to second plate 15 of C, and thence
on plate 12 to oscillator 34 on line 36. One :érﬁinal of Cq»
connected through plate 12, is connec;ed directly to os~111a~or
| ‘34 by line 36. C§ cnarges positively on a first porticn of a
- 25 cycle of osc1llator 34 through line 76, Zener diode 84A, "line 79, -
2canac‘tor 40, and d:ode 7".__Cs charges negatively on a second
portion of a cycle of oscillator 34 through line 76, capacitor 42,

p
and diode 24. The magnitudes of currents i.. and i are functions

. Ccl “e2
of capacitance of C, e_md"C2 When a differential pressure sensor

30 is used (as shown in Fig. 1) cauaczgances C and Cz are a function
of the differential pressure (P -P. ) -

Curren.s iCl and 1,, are smoct&ed by caoac*tors 4C and 42 and’

each bamb11es with ICs' the resultant c-rrents, 11 and i, ;espect Lvely,

are also connected to the xnve:tlng inputs of amplifiers S0 and 60,
35 which convert i1 and i, to proportional voltage outpuls ’1 and V,
respectively. The vol;age outputs Vl and V, aTe coupled tc the inputs



are also connected to the inverting inputs of anplifiers 50 and 60, 35
ich convert [err] and [err] to proportional voltage outputs [.err] and
fjerr] respectively. The voltage outputs [err] and [err] are coupled to the:

nputs . -8- 72 and 73 of anplifier 70 ~ The output of anplifier 70, which
therefore varies in proportion to the difference of i and i drives -
oscillator 34 to provide the voltage pgdk to peak (V- ) which has a
frequency v ghqSes ioF h@ﬁlj_tﬁiercmt rwheMmomr samph i £ et 70[evﬂr1]ch ' ,-%J‘

 Equation (1 e :[e tput
R ot HnaneEpbe vazies gy prapoTiipPLLe UB dhFlemeREL or 1l Cid 57 GHIY
frequency ofs@agchtdatsar tddprbride the volca«e p?ek rdo peakrrﬂ‘/ baehich hée a

vol tage peak to peak fr mosmllat a pf CI [err] =
capaci tanceéo‘ﬁ‘lu FEch -sacté‘ﬁgbﬁ ec?)‘? %Tuaﬁ'%g Suét\ L)q = [err]
[err] <= vol yage ;jr oi g(Ive reyest (. -dCo&id‘-%ubf—m@tlpng( uation (1)
from Equat i on §2) a}n et t B‘JI} [er r2§ een khadci3nplafier 70

provi des cl ose zl‘od'rz Boqt? pp T reque res%orﬁs‘l v to a change in
capacitance f ggpepsci M ateronﬁéusudlthbator 2pplifier SO - P= [err]

Equation (3) Wuere: RP*= the contr I d r 73 Eb[err] ) K= a
constant, [err] 25 Viat |s“r‘f8l“5dv%ll% s?ﬁcaglggsclielrl ator 34 is inside of t he

control . | oop (betweerf t he fheqoenty mfdQSCSZAtahd-"BZA) the frequency of V

there- from need not pe Li h ¢ eRPEFIL chPe tgRAKOES Beakof anplifier 70.
Oscilladr 34 in one\gnboaﬁ%e dMés the vol tagg cﬂcﬁtrolled oscillator of the _

phase | ocked | oop circuit ffompoeriddasernei4hs 30 manufactured by Radio

Cor poration of Aneri @ ( pacl}lggﬁépalf &em conduct or or Mdtorol a. Arrpl ifier
80 provides an out put~Isi gnal" responsi ve to the
C2 = capacitance of C2
| - Cs = capacitance of Cs
15 o Ry = Rgg - o
: S VD = voltage drop . of che r=spect1ve dlode
~ Subtracting Equation (1) from eq.a.t:.on (2) and settmg Vl v2 r(, it 1s

seen that ainplifier 70 prov1des c;osed locp control of frnauency
responsive to a éha_nge in capac:.t:mce for oscillator 34 such that:
20 : P = T ¢ _ Equation (3)

(€ + Gy - 2 R,

' Where: P = the coﬁtrelled product - f(vpn}
K = a constant, Vi-vz
25 It is noted that since oscillactor 34 is inside of the control loop
(between the circuic nodés'SZA and 62A) the frequency of V p-:hefe-ﬂ
from need not be linear with respect to che output of amplifier 70.
' ' Oscillator 34 in one embodiment is the voltage controlled
. oscillator of the phase locked loop circuit of a CMOS 4046 as
30 manurac:urea by Radio Corporatzon of America (RCA), National
Semiconductor er Motorola. ' _
Amplifier 80 provides an output signal responsive to the
currenfs lCl and lcz which flow to sum point S_an§ sunming che
currents at S yieslds: '

(72 )
i

o - - s : ’ . T . 4
fey - gz * s o Eesse @ |
Since ampli fier 80 amplifies i.s via cui"rent ¢ontrol 82, loop current

sensing res1stor 85, and Eeedback resistor 93 to glve 3 pronort1onal_



currents [err] and [err] which flowto sun1p0|nt S and sunming the curren
at . S yields: 33" [err]

Equat i on (4) Si nce anplifier 80 anplifies [err]via current control 82 | oop”
current sensing resistor 85 and feedback resistor 93 to give a proportlonal
current signal in load resistor 92 and by subgstituting Equation (3) into
Equation (4) it is seen that the two wire cuffent ([err]) is a function of

the linearized di bfierednt sfdndlr e8S1HaE séanRbr $Dakdi Sy dﬁeéfitutln% Equat1on (3)
E ation (5) The ouﬁfut si‘gnal froma lifier 3%8 as shown
t

drives a current &BHR ESH2BION §f) AT S 3796 TRRT EWh & A =T °Bkt aPs a
“power supply 90 aﬂﬁlnau%ﬁrbe&heoume&d1Fsmtﬁ&?eﬁé}ﬁ&&@tﬁiskﬁré(blonalertlﬁhﬁaiﬁ
‘86 and 88 by means of a conventional two wire circuit. The total DC current

| - in the two wire circuit then i aci‘a@ctlon))f ¥ he capamtan #fgnr](:gmd _
[err} and thes rreasureéj-p‘érl nmeter. nd [err], are a runction
of the peak to peak voltage (V ) apfliéd resﬁectlve d| ode drops

([err]) ppiS or ([err]), the voltaed,o bet ween the di odes and - -
the .current sunm ng nodes P?ZR B S Blalpd‘lrﬁ'f' %SPIM}% $Ray2HEhpupr eFeferably

as [err] CR, wher edfives heurensotomapacsl Foeca ad Prfciscdiie bty Tan
resi stance, and tgg 4:91 es_caused:b ef encing the current err]and [err]
TR 1 byens

to different referénce voitaged g3 3 serles coupledq}9qd,@2f SATEGSF ARy <O
‘CGenerally, [&0r]  aechinpdsr§é [aedr§s 2y neﬁrsorcfftile&avewi&hhon&o Hiré SchQﬁ?tE ved

that for [err] .ang|l e‘,:ror,:h1 &[lag_{;gr&r gsent g él v?woofn?fc%r}%gl on to

nmeasured, the terns Wt arentThesi “bbs cquPgCT-‘—Oﬂ
stabl e. Ther ef oreOﬁmenﬁzyr‘m}tﬁneesaﬂQI ancu(ﬂ:@ &id [therreasutded Qrranbting

fr equency not arrpl i tude OfCu¥rentPr ow Qr?ds 1 AI[TUIII a7 c|tlltml‘,ld°ef |ﬂr_‘r es&icttgvpeea%f

‘voltage (Vpp) auplled ‘the respecuve diode drops (V... and V

d26
15 or (V 430. and vd 2), the voltage drops (V ) between the

dzs)
diodes and the current summing nodes (SZA, 62A and point S) which
may be represented as f‘VppCR, where C is the sensor capacitance and
R is the circuit resistance, and the losses caused by referencing .

the current. i and i o différent_ reference voltages (avy).

20 . - From the foregoing: _ :
G 3 - - - - K
generally,:bc_s f(vpp. le de Va Avb) c
and, _ ' : R
ter ® 0 = Vaze ‘_de - FppGiR - 4% &

- ea T EOVGy - Vyso - Vasg T FVpplaR - 4%) Gy
2S  From these equations, it iS'observed that fbr 1C1 and ic2 to be.
' representat1ve of a condztzon to be measured, the terms within the
parenthes1s, i.e. (VpP - le | d2 _ '- av. ) must be dquite stable.

Therefore maximizing the amplltude of Vpp and controlling frﬂquency‘ '
‘not amplitude of Vpp’ provzdes m;xzmgm gmplztude irrespective of

30 . ghg c1anges of C and C2 Controlling the changes in V 1 and
de to be substantzally the same and m1n1m1’1ng the remaining
- terms Ja ;nd Avb also enhances stability and results in
improved current signals ic1 and iCZ by reducing unwanted errors.
Thus, one important advantage of the present invention is providing

(2]
wn

a substantially constant peak to peak voltage (Vp ) to fully charge
the capacitors while varying the ZIreguency of VP;7'esncn51ve

jod s



err] to be substantially the same and mnimzing the remaining terns [err]
hd [err] also enhances stability and results in inproved current signals °
[err] and [err] by reducing unwanted errors. Thus, one inportant advantage
of the present invention is providing 35  a substantially constant peak:
to peak voltage ([err]) to fully charge +He capacitors while varying. the s_g‘
frequency of ] oNnsi Q- t ey acltance. I s~
obser ved thaco[ %{1& ?{aﬁ ge{r}i C$§g?}taatﬁ¥gn fs?c égn Jqu'lqgtg %M th I |:1"rr%qyg "o that

t he respect Mﬁé‘lé’étmfbaél@@tfg‘i[léﬂ Jwithin rqzmna ferchptnthe bespeddiyectmy ged and

fully di schajsgegeshird ngceamd ey deans f r e ty of
t he di ode Szy dr% s By pfoxi nat ?’ﬁ’oﬁnu ngyl g%hf rei %ﬁelt oq\%eigldslc (%ie)%ég The .- -

Ef fect of vé‘lutfa'@,% %Capsyc(l[eer rjleaniss fonpimpreving thheumfdimmgyvg t,_ﬁgedgﬁg_p _
et ween Eecty LEARS Aburft . 52A, _62A,"
| tdrt’?:l nal ??o 2 ImFe&te hggﬁénﬂnb V%(l;de crlggﬁ'g‘neigl n?)’t')fe'§t5?§°~ |

ao the changes of. [err] and [err]. Controlling the changes in Vvdl and

sum poi nt S circult cur
62A and sumVBoFge SraP% (Vgf et e ricdpgoves taheth;%me ised@noicage drbpgse ch@en by
anplifiers F;Qctﬁﬁca@go,aq,eragg e { rr mmat i on
- ‘then, [err] is maxim zed dpﬁltghgtéh}ger cfxg??rnts{naspigm'ﬁ :Argndé%d' ]et' hﬁ%p ggﬁt ting
in an enhand¥f RG%af- tcf’-&Fr'H)fff CAFCHF SHATENT éﬁmaoém.puuchlapabdes
- current contseal 632 whi psﬂ'ltt S hf'e o fle FEAC4CH0 [ MR Wk «% F&le (,L?I%%.) :
15 1j 65 D856 é.‘i; the Circuit of Figure 2 A"Circurt tor . -
Cmeasuri A v3Yi ¥4 EReES 30 tﬁﬁﬁlReQW&lé{PISf“"ét mmmlz‘nn this .
enbodi nment, AWo vigy 'saht@ueﬂpaert ovs QSa'ﬂxQxf.ﬂ’rek ar?d th.hemz- RétmaGRen, a
di fferent quahtlty of capamtors n@® be used, as_desired A vol tage .
control | ed @9&imizedor L) TREUDRLNGC bl AR gnbENGad: §i TRl sanEls Sang 801 gndf

[err] .and [ @kl énHdaaRRECoitsREYs{dHAAUEH GurreR€ cbherol TaewREAPREsRiEd @8 117 and
118 of [err] and [err] are coupled to rectification means 120 conpri sing-

di odes 122, 3p2umprpygd Hep Y38 (HITEAC pilafer ably are proximately | ocated

t oget hensfor thernmal st askkipeidn bfdineatesedit bErm 20/ by lines 132,
134, 25 136 and 138 coupled to a

current sunm ng node 191’(3":8‘9 éqreﬂéai%“g ‘fh’élagﬁfp‘fﬁpa&f"tﬁnﬁn"rseﬁ

‘generally at 100. In this embod.:.ment two variable capacitors C

1.
- and. C are shown, but agaln a. d:fferent quantity of capacitors

may be ‘used, as desired. A.voltage controlled oscillator 110 is
"~ 20 coupled to first plates 114 and 116 of C1 and o respectively
through a line 112. The second plates 117 and 118 of CI and C
are counled to rectification means 120 homprlslnﬂ dxoaes 122, 124,
126 and 128 (which preferably are proximately locatad together
for thermal stability as indicated by line 120A) by lines 132, 134,
35 136 and 138, respectively. The anode of diode 128 is coupled to
a current summing node 140 by a line 142. The output of a eurrent
inverting amplifier 144'is-alsp coupled to node 140 through a
re:iator'l46 and line'i42. Amplifier 144 has a feedback resishbr-
- 148 coupled from its inverting 1nput to its output and has its non-
- 30 inverting input coupled to circuit commen.. The invertisig anut of
amplifier 144 is coupled.through'a line 150 to the anode of diode
124 and in turn to second plate 117 of C1
Diodes 122 and 126 are each. coupled by a line 1SZ .o
the inverting input of a control amplifier 154 and to a current
35 summing node 154A. A reference current is preﬁided frea a

reference voltage -V,

REF through a resistor 156. A secend input



v ' ' _
inverting anplifier 144 I's al so.coupled to node 1140 t hrough a resistor 1@
and line 142. Anplifier 144 has a feedback resistor 148 coupl ed fromits .

Lnverting input to its output and has its non- 30 inverting input coupled =

to circuit comon. The inverting input of anplifier 144 is coupled through

a line 1SO to the anode of diode 124 and_jjy. turn to second plate 117 of CI.

-Di odes. 122 and 126 are each coupled by a 1ine 152 to the inverting input of
cont rol anpPffamelifier dAf 1% camBlaTeEnto B TSHAHIPImPbde TR 9UTPALI@f er ence
rent is pr %ﬁ@eirm 9r6wdegeac@ 6t igher brt f§Qughedr ngai stor 156.

'A second i nput, =~ of g_knép gl er 154 is conpleted to circuit common. The

out put of arrpF‘l’f‘?"(SF‘ } vi des the control signal for oscillator 110

: th& ougzol i ng 158. " An aﬁiﬂalnf;lﬁleiﬁﬂém%isl ies l1ﬂV@fﬁﬂn@9‘mﬁRUEoféﬁwa| e t? 5
node and a ack, resi stor s coup m,the inverting
input to the 8%{%3?8 ﬁp??ﬂtbé‘f:“ WIStﬁgéﬁoﬁhﬁ'#\/éFt?%ﬁ PAptRC™oF "l i fi er
160 i s coupl edntertifig cinputcoonohs. outhupl of iampliS{ep168i daneartorihpettinggnal
([err]) from gircui s.a funct err and [ ..WhICh

out put ~ pr ef er &Y |°t§ %nggdner rclgh 15_L0’°“°Fu°ln%tg| 8’hr{ﬂlfh (i td{ﬁ’]éi

i npl enent at i oh6Gpreeibdisyan MuEpyt 16tignad 6\(g)r énem cdgewin 108r whichwds vk r e
transmitter, ?ﬁ”ﬂ £ 1cO B{L TS UM G iRNYET, lgPévatr%l} 1‘§e&sed—'1‘ﬁeé£ zation

for [err and . i's pﬂOV|deé by adj ust-a capacltor coupled to line
112 and &8 ci 3‘élﬁtt1°%dﬂm¥bnatwléa@he dingdemergaton qro”?#%tlsiaftsh#éhgﬁ di ode

166. Di odes lgdrrand é&:roi%ﬂ@ythﬁ wide! 4dadni feerChi durteht O ?Pﬂf’s'% r&20.
Since, in this case, onig diode 166 of the pair caonsisting of 164 and 166

“are coupl ed t@@&ﬁﬁ?%g’fn B likaa  iReaTiAardont Exfabactidh ;[ bt PFOKIY BE

doubl ed so thﬁ!)u[ae{ﬂﬂe—aﬁﬁddﬂtorh@n%u P& to linc 112 and to circuit con{mSﬁr] -
Equation (6) Filter capacjtors 172 :%nd 174 fromlines 142, 10 and, 152

to circuit cdmTSHAHA? 8e1(¥40t“"‘§n'[?0t1|’ﬂ‘?191 hEhTQushefiods JA% Diodpe Lod and of
the Circabt on‘séFmg;urbe n@luded in rectificatlowp®anki DID. 9$Rdd,] @hOthiklQase,

ggﬁ;/'rgﬁseg s\ljb ta@%o‘ e I13’6 co%n%hgnl;[u% érlxs;[llég oqé(lg&):arx)ﬁaifééloalrgagouﬁed to

summing node 154A, the value_or capacitor C3 must be doubled so that
C. = 2C_, hence: ' ' |
-3 S _ - _
_ _ o c,b -C N\
20 Vg = K 2 1 Equation (6)
_ _ o | : C1 + C2 - (ZCS) S _
Filter capacitors 170, 172 and 174 from lines 142, 150 and 152 to

circuit common provide for smoothing the current signals.

Operation of the Circuit of Figure 2

25 - :  In operation', oscillator 110 provides'a' substantially

constant arplitude neak to peak voltage at a controlled, varied
1’ C2 and C3 . Second
plates (117,118) of C1 and c:2 are coupled through rgctification
means 120 to ampllfiers 144, 154 and 160.

30 | - . During a first portion of the cycle of osc1lla.tor 110, a first

frequency to each of the canac:.tors C

curTent 11 representa.t:.ve of the capacitance of capacitor Cl, flows -mm -
‘.he current smmn:.ng node at the rwertz.ng input of amplifier 144

.through line 150, and diode 124 and line 134 to charge C.‘1 During

a second portlon of the cycle of oscillator 110, current il flows

from Cl’ through line 132, diode 122 and line 152 to the current

(1]
(¥}

summing node 1544 (whlc‘x af;ects the anut of amplifier 134) and
- thTough Tesistor 156 to "R‘F This first current path is completed

- by feedback resistor 148, which, in cooperation with inverter ampli-



/,i equency to each of the capacitors Cl, C2 and C3. Second plates

1117, 118) of [err] and [err] are coupled through rectification neans 120 to
l'ifiers 144, 154 and 160. 30

cycl e of oscil

 -capacitance of capacitor [err], flows fronfihe current sunning node at the
i nverting i nputfiﬁr anpl irfd eesilsibrt hadudhverne fﬁep cand-edt

134 to charge
110, current

| ator 110, a first current [err] representative of the

| SZ to the cur rnmtt:.surmf mgengmelsﬁm(mllehoaflﬂéctc seigond npurtreot
134 dth o L t
compl ot ed by 1 ebugaEkeriratile 'dF shE closci fhe bk Gy, BBLEErolhond eg,

anpl i - -9.2- thmgn414-rmd42e§1dstdéﬁdq41@8 Foanddaes _
that along line ls%%ona ﬁ[ &s otccth afcu@r 3?%1@.‘&3{5’:‘1‘?15403; Y0 NGiebl

first portion

which. is reprebiae épﬁv@dofh?% 128p&ei ltlaﬁcés%faﬂézm fthV\B“@?l@m A
through |ine 142,304 Q;ﬁféﬁtsl@@e tﬁvhwﬁ\gl?zﬁp&@o@h Dy aadacrﬁ%ﬁgmd_ .

portion of the cycle of oscillator 110, fl ows roug
| FRSLBSOT 2P 8 tYgpsunti ﬁ@"ﬁb‘!ﬂe BRI i) LP¢ FrP¥Edes @hyoltage

i nverting 1OpulsinadMpt | steeué-p‘if’c) wiDéh tcfah@wn k88! SicedOp otfocshelrxral:arl no
fier 154 provi des vol t age signal .at_ its out whi ch .

@éﬁﬁeﬁé?’: o’f“eoéefqufaFBFrTl‘o 1§u%"r# FH ehthd 55 bt EUBEY ’r°é’nPf the
[err]and Currenﬁon{ﬁanlyl@na:iw%ueﬂ é)fpehhetm(yihﬁa( )G ofnsd mbducﬂﬁoagevoo)eak”-

to peak (V) "anfl g oge diop (18T 1)) i gy ) o

‘Operation of.the G rcuiti of Ei gurfe(% Yet 2
circuitry ?gcordlng t-_t 3 ﬂ% ) _
ment, a 0

re- sponsive of the capa(ntt anﬁa'uhiarcaqthwdn.mmt [ofr £he arsectmd acunrdaum 20

di ode 126 to |

- control, - anpli

controls the fr

thi s enbodi

[err]® responsi

20

30

cooPeiat
o the c osci || at or, 0, a second cur ent S[err

“I'ine 136 and

herc

megdi rrent of the

H’el

Véhe ErL?&chQH@SﬁEMC?s OdnokAPEE 2% 1h Fifg.08) CUn @RLs embodi-

ment, a current summzng node 210 is fed a Ezrst current ‘IIre-
spons1ve of the capacitance of capaczcor CI’ a second current .
, responsxve of the capac1tance of capacitor C from current
inverting amplifier 212. In this embodinment) control amplifier
216 has its non-1nvert1ng input coupled to circuit common and its
inverting input coupled to summ1ng node 210 and produces an out-
put signal to control the frequency of voltage controlled oscil-
lator 218. The rectification means shown generally at 220
rectifies the currents i1 and 12‘ representative o'i'"'C1 ;nﬁ C2
wiich result from the repetitive charging and discharging sub-
stantially ¢onstant amplitude, variable frequency voltage
szgnals (VP ) from oscillator 218 whzch :reauency is controlled.

responsive to tle changes of the capac1tance of C and C2

'An outpyt amplifier 230 is coupled at its anertlng 11put to.

rectification means 220 and provides an outpu; signal to a
suitablé_implementation means 232, such as a two wire current
control, readout device or the like. Linearization for C, and

1
C2 is provided for by adjustable capacitor Cs_through diodes .

During a first portion of the
_ le 324:&%111?!1@@
_ ; t
e gy B0t TRALRELAE B BB 3U6, 7 o efE e e
l.i $hish

33 ot ceamgoefy - [RTPE so

1548 5

¥



v | o _
|nvert|ng anplifier 212. In this enbodi nent, control npllfler 216 has {t§
non-i nverting |nput coupled to circuit common and its inverting input
" ocoupl ed to summing node 210 and produces an out- put signal to control thé&

‘frequency of voltage cont roI | ed oscil- 253. | ator 218. The re’cti fi cation . -
. means shown 'gen raII rectifies the currents and
'r.ep;,r esentative. ¥ ?‘} °é‘rﬁf°m“t?&°pe%%|sf*“¥‘f‘bm"%ﬁé %@petﬁ){q & charging -

| di schargi lnmeUbnd ma?haﬁlueymﬂtmteantn arq&ltufwiﬁ?ouaidaabl @204 . eqsemm?/, in
votage signal s I om osci 1 hi C requency is controlle
30 responsive h&% "hgé) iahyéf®o F’“‘T‘%émﬁﬁba% yé:ﬁ 'oP"F’éﬂ*PX%uﬁa“[ &f r"_|°"“’h\?1£I

output anplifiejo 288 smeaynioexd 210 ithe vAMRY bENC, imlBYtbd dotBrdd bk Caplained
means 220 gnd prOV| es, an out t SI to a suitable inplenentation neans
232, ‘such 3s a YwSeI#TencER tgdggla b9¥%8adout device or the like.

Li nearization for C anm5emmm3nw@\ﬂ digh f ar awy Rdjmstishl €s PP aCsULer

ferr] through diode an ich are coupled to sunmm ng node 210.
L D  Rayn, Sonsiind e s R ctaeh, Sarrdl Felage SRR s s - 210
this case as i nalRe fesduedcpend eqtidd ghleemlaycdlmdes Mi&khbat muphml:moet he

sunm ng node 21 val ue _of [err be doubl ed pl ai
relation to Equ%‘%‘ﬁpgﬁniél}eaﬂf)o?e o'ﬁ"je . a(r%eg ﬁg‘a”ztgn g ﬁﬂ%tl?’%n
using a sulf- stmeudnisal | Thesensattaxitinenys Mhaule;spdakutm apeak wicktdgeubawanguse

vari- able fregyen .excite t ans duct i
coupl i ng. means ﬁb g%uf)ﬁté‘nghénpﬁéagg %ﬁﬁgg voI gaé‘dto su‘%%b?gﬁé'tel@ GKE
means. These emdmdngmuds ﬁmerthusée:bdhiath curtreot W ir ¢ , candc gurTeows o emtihe

i nverting |nput 60, 3 tilve

for the feedbac currer’n‘tt k’fe‘rsrr Y, V& ggéu%éﬁ?%f al':%] Wh [:EJE@.]1§¥ e cur%t '

control, vol tag?e't Fégul latogr othred euﬁertweu wixd tcnycza:s:rs'hmm then Fiegusdd or Woemer

such two Wit € C(‘.l{ec 5%&1’@&&{&{3@%%#?\'? 1 MBehs kP and dHAG. {:Mrwt&g wire

circuitry of Fig. I's used er' two wire circuitryis 5

agai n the anpl |¢J|r@r=stmysrM.vég%mlti\emnfnhra)mgh TéReiveutheiircpower

termnals. The 3&%51:% Jiird: %rﬂhﬁzpre%ﬁgtm 3‘2&%@5‘: %%’06’?4 ”E” @?esenu;
t abl

Figs. 2 and 3. skl led 1'n the art understan
Ce in the embodiments of Figs. 2 and 3

Those skilled in the art understand that a variable im-
200  pedance is comprised in a variable AC reactance means.



(4
dance is conprised in a variable AC reactance neans. - 14- }
uluﬂ"ﬁummu for providing an output conprising a function of the

e ctance means which varies responsive'to a condition . «
b

e sensed; the’cifcuit 5 conprising: qQscillator neans coupled to the AC
reactance means for providing a tine var ﬂng oscillator signal having a
vari abl e frequeRGRIMBd a substantially constant 10 : peak to

peak voltage to the AC react ance neans; rectification neans coupled to'thé;;r
oscillator neans and tolthear earbamcefaeapsoﬁmlngounobmgpwafcgtmssjr@wal S W

to 15 - 3 5un@‘&%ﬁ' %h%g' Pgaéggﬂéésoér O fBe &S aterf]‘cgt HEhd

t he charging an i schargi ng si a functi on reac ance o

t he "AC reactanc&aﬁé&ﬁsreéﬁenﬂeVe to-a cogghtion wede iﬁﬂﬁﬁdxiﬁhﬁtﬂu;CUIt
rectification ”%%&@r@%dnb@ the oscillator neans for providing an input
control signal 'to the .oscillator means to control frequency of the :
oscillator means, and 298cillator means;ggurief &R tRe Ay HAFAREYi ng and

di scharging signals as a funseags Qbrtbeooe@m@nsetme tyerying eact ance
means. 2. The circuit of C aim,]1.where oscj || ator S
non-inductively coupled to tRESA 135°Fe3€9 ge haging a Eyagiigﬁ%ircuit of .
Claim2 wherein the rectlfycéteqnenegnandoapsubssaum#ﬂl&gﬂqu#tﬁntﬁ odes. .
10 o peak'tb-pgak.voltage-tb the AC
| reactance means; |
rectification means coupled to the
oscillator means and to the reactance
~ means for providing charging signals to
15 _ and discharging signals from the AC
' C reactance means, the charging and _
discharging signals being a function of
the reactance of the AC reactance
_ means; and ' _
20 - control means coupled to the rectification
'  mea¢s and to the oscillator means for
" providing an input cohtrol signal to’
the oscillator means to control
frequency of the oscillator means, and
25 thus for adjusting the charging and
d1gcharging sxgnals as a function of
the reaétance'of the AC reactance means.
; 2. ‘The circuit of Claim 1 wherein the
oscillator means is non-inductively coupled to the AC
30 reactance means. _ _
3. The circuit of Claim 2 wherein the -
rectification means_comprisés a plurality of diodes.
4.  The circuit of Claim 2 wherein the '
rectification means comprises a plurality of
35 proximately supported diodes. '



4. The circuit of Claim 2 wherein the rectifi catlon

plurality of-35 proxi mately supported di odes. “mmlcum
Ckaim2 wherein the rectification neans corrprlses a p uraqty ot d$ odes,
whi ch are substanti al | y conpensated for thermal drift. 6. The circuit of
Claim2 wherein the AC 05 react ance means conpri ses at | east one vari able
capacitor. 7. The circuit of Caim6 wherein the AC reactance neans

GAgpri ses capaci tance sensor nmeans whi cps changes responsive to a change in
pressure. 10 ~The circuit of C aim2 wherein the AC reactance
nmeans conprises at | easte a"ﬁer SLrgnd ta ofe CaAIR, darhaReER nERRS responsi ve to
‘pressure, at |easiiditifonvtiedns Towprisklsca Blu'ﬂaeieyrcﬂlm@deﬁ aim7

wherein the 15 LRI 391y ns i ng sed |n a ucer

“housi ng and V\h"el}leclqﬂpiﬁé saaﬁgt(ﬁnt%q é.yr%ﬁggfn%ggﬁ 3reF %’f%%a‘?’l’@ Sol at ed
fromthe transducer housi nFhel@ircmig oifr ElrimoR v@harms therd¢n t he
control ng&ans COMNARES dddnd e%ﬁﬂi:'rh se@ aft2BasR¥hBIvEPiapi@PUt and out put
termnals for converting discharging signals fromthe first and second :
react ance mearf@RACI%Qr S nput ternminals to voltage signals at its -output
termnal. 11. The circiit e Qiaicwit viectaint BewBérein Otkhé AAC NeANS
conprises firs ﬂﬂg C A r | DU nd_out put

term nals and l{;/ﬁ"lere ,ﬁ% ﬁ‘{e}a%f" TS omgrqlse?a%ggﬁ\gg%éggﬁd ? geofge’g%an‘!ij anplifier
means are respﬂkm*vechwﬁs Ir@@gonfairvet tend sbapgd ieapressererans at their
respectivgginput term gl s @Q cilr@ulovsderaiang! shefR{sSERS akd ve ther eof
at their

reactance means coﬁprises at least a first and a
second reactance means responsive to pressure, at
least one of which is variable. - |
9. The c1rcu1t of Claim 7 wherein the
;5 capacxtance sensor means is enclosed in a transducer
housing and wherein the capac1tance sensor means is
electrically isolated from the transducer housing.
'10. The circuit of Claim 8 wherein the
control means comprises first amplifierlmeans having
20 input and output terminals for converting discharging
signals from the first and second reactance means at
its input terminals to voltage signals at its output
terminal. '
11. The circuit of Claim 8 wherein the
25 control means comprises first and second amplifier
' means having input and output terminals and whereby
the first amplifier means and the second amplifier
means are responsive to at least first and second
reactance means at their respectiée input terminals
30 to provide signals representative thereof at their
_respective output terminals. '



rm nal s. -16- 12. The circuit of Oaim 11 wherein

o

|ng*anc
|ts out put -

poi nt coupl
~further 15
" react ance

The CIFCUIt
coupled to

gﬂiiﬂﬂ'further conprises conparator neans having input ferm naI s

tLH' |s fromthe first and second anplifier means and -
erm nal for providing the input control signal at
tern1na| as a function of the signals at its input term nals.
13. The circuit' of Caim8 and further conprising: 10

TV, thel ta‘%?"?-urt 8.£0r receiving b LiGALLONES
tme dkgak anchpecond agplifierngeans apdrbavipg anos

a 'sunmm ng
ed to the rectifier nmeans t@ sumthe charging and di scharging
signals fromthe AC react e nmeans. 1 citcu t of aim 13 and

conprlsﬂﬁg gﬁfbﬁFrﬁgéﬁs %oSgPéB #% FRETEEANTRY point to
provi de an(nnqnnokﬂq;ads rfaprthesn comprdé seB thspacatonnseans the varlable AC

i ce. .
msans

two w rgs ci r&ﬁﬁu@&e’l’ﬂ:tmt £t Proviaingt BHe $hgdel codbrorThe circuit of
Claim 15 whergin th

“term nal s,

t | udes ,a volt | at d t
Sl W B et en s 8, rOe R0 B Loy or "

wires to an sigralmlatsups \input termdnadsanect ed | oad; wherein the voltage
' regulator and t he cugﬁpntqﬁgpgﬁgbquagg e&giﬁognggaegup@ﬁgpen the two

10

15 .

20

25

30

‘comprisingt
a summing point coupled to the rect1f1er
means to sum the charg1ng and
discharging signals from the AC
. reactance means. o .

14, The éircuit of_claim 13 and further
comprising- | ' o

output means coupled to the summing p01nt to

provide an output signal representative
of the reactance of the variable AC
reactance means to a suitable
-utilization device. _

15, The circuit of Claim 14 and further
comprising: ' ' - o
current control means coupled to the output

means for controlling the current in a
two wire circuit as a function of the
output sxgnal. |

16. The circuit of Cla1m 15 wherein the two

wire'circuit-includes a voltage regulator and two
terminals, the two terminals adapted to be connected
by a pair of wires to an external supply and serles

connected load; wherein the voltage regulator and the

current control means are connected between the two
terminals: wherein a DC current in the two wire

. circuit is controlled by the current control means



provides a.stabl e vol tage reference for the circuit.

Claim 16 further conpri si ng vol tage reference nmeans c

vol'tage. regul ator to provide a reference voltage to the control means.

The circuit of Claimi17 mhereln t he output neans is coupled to the
gwkrence vol t age neans. 19.17 Fhe circuit of Caim16 mhereln

t hé sum point an I f t 0 [fier -
nmeans are refere%c&eéc}q* é}%#g‘ %g‘f%ﬁ'éég\%of%gﬁlgkég p?ﬁgiéié%céull aim38
and further 15 wgiﬁaqqﬂnﬁfengmgﬂnfpslmbecsmpceutto t he control neans for

arithmetically conbining tjve chg@gbqgcaaq Qfsghgiﬂlpg Qﬁgﬂ@éﬁ fromthe
first and second reactasgd, II‘CUIt of Claim

21.
20 and further o Todtaiae, Recrrancheanent sovEled ¢S P om poi nt
and to-the regti fealtdge meanatior tonpeovidg at réeesénoeevcsifgmgaé 12+3)
current fromthe C tance neans. for arithnmetic conbination
with at |east oneéﬂg h‘gér}lt%dgna %%%r rent fromthe variable AC reactance
means. 22. A transnitter dif.cuiThef gircudsi n§ Chaisol7? wherein thethe

c?p?m tance of a GARAR tlethe® IS LouPIRRS LBAKNBIrBtel £ASE $HPLERPACI i Ve
plates the _

tennruﬂ; wherein a DC current in the two wire cireu-t—s—controtted d by
the current control neans - - 17 - and wherein the m
DY - -
on '

- means,

10 19. The circuit of Claim 16 wherein the sum
point and the input terminals of the first and second
amplifier means are referenced to the reference
voltage. _ o |

20. The circuit of Claim 8 and further

15 compris1ng- '

a sum point coupled to the control means for
arithmetically combining the charging
and discharging signals from the f1rst

: and second reactance means.
20 © 21, The circuit of Cla:m_ZO and further
' -comprising-

signal inverter means coupled to the sum
point and to the rectification means
for inverting at least one signal :

25 : current from the variable AC reactance
' | means for arithmetic combination with

at least one other signal current from
the variable AC reactance medns.

22, A transmitter circuit fof'sensing the

30 'changes in the capacitance of a.capacitive sensor
means having at least two capacitive plates the
“capacitance of which varies as a function of a
paraméter_to be sensed and for transmitting,
through a pair of terminals, a DC current signal.



1

capacitance of which varies as a function of a paraneter to be sensed and

or t ugh a pair of termnals, a DC current signal, - 18
rep“ﬁ“lut“uﬁllmlme paranmeter to be sensed, the transmitter conprising. =
ans or ner ltes® o8citlator neans for. providing a tine varying 05

o cillator signal for exciting the sensor neans to produce a sensor signal
representative of the paraneter to be sensed; rectification neans coupl ed

to the 10 . sensof MBafs and to the oscillator means t'?g(

supply. the oscibpaeséntagivé 469 ENe SErimytdR s v GensedsChky t he
oscil l.ator and_senso naI jfc]ontrol nmeans coupled to the 15

rectification AR ﬁ%é? g°%wP‘ ?ﬁﬂ Yernminal nmeans for receiving the o
~rectified sensor 'signal and tkans@psnaxiﬁqnnosqyﬁﬁatgr msans éoupled to the -

oscil I ator -means 20 g fPre {GRN VA the frequency of

the oscillator signal as a functlon o 'h rectifie sor signal; and a -
pair of t8Pminals for connection qqp@&;ator signal f°’ ex°1tin§nt8§ternal

power supply and series connectexhéﬁgﬁttﬁbastﬁb1§yaama@|hla@agoﬁeans and

the control neans and to carry the1 Dcafur”ernetsesn't%rhve Q¢ the
representative of the paraneter. gn ep

parameter to be sensed;
rectification means coupled to the
10 o sensor means and to the oscillator
means to supply the oscillator
signal to the sensor means and to
_ rectify the oscillator and sensor 51gnals,
control means qoupled to the
15 ' ' rectificatién méans“having an
| input terminal means for receiving
the fectified sensor signal and
having an output terminal means
coupled to the oscillator means
20 } for controlling the frequency of
' the oscillator'signal as a
function of the rectified sensor
signal; and |
a pair of términals for connection to’
25 - : an external power supply and
' series connected load to power
the oscillator
means and the control means and to
_ _ éarry the DC current signal °
30 o - representative of the parameter.
23. The circuit of Claim 22 further
_compfisihg second controlmeans coupled to the sensor
means and to- the rectification means for providing'
the DC signal as an output signal through the two



23. The cgircuit of Claim22 further conprising secon ed
to the seémsor nmeans and to-the rectification means for proyidi _
skgnal as an output signal through the two - -19- w riﬁl‘iﬁ“ﬂ&ﬂ%“@“ﬁl :
power supply_ and series connected |oad which is repres i e * .
rectified sensor signal. 24. The circuit of C aim 23 wherein the 05 _
second control means has input terninals coupled to the rectification nmeans
Qg'further conprising a feedback reS|st0r1means havi ng a feedback current
t hér et hr ough coupl edetso E Eh reslangl t i{nput of the second
control neans to pl;‘5V| d§ a |n freig=* &S ﬁ?\ s‘f%’ %eaq%pslﬁnt ermnal for the
second control negesnectadf inadi which iherenmn$éntﬁtixannﬁ'ﬁhegnal and the
feedback current. ,gétifIQg Lgag§g1g§§ﬁapf Cl-ai m 22 wherein the sensor neans
conprises: 15 sendor . housin havi ng a chanber; a common
plate formed from a di aphr 28m |'ﬁh9h§1’éﬁ‘&%e‘?f B 2toharedmtdent | east
partially forosed fseetna dbﬁﬂbbagﬂbiaﬁlﬁﬂszﬂhput terminals coupled t@al |l of

th hanb 26. he _t t h

,corerprcl 2ese;t | eastt ¥ r?h?b%‘aggﬁad‘?ﬁ?i %‘% %%gc%ed‘ssﬁg%cﬁ gtra]a(r;fs a
differential presfeedbeckoppesstos means bdvime ali fgEdiagpk cﬁfrrent

27. The transm ttgf 5@}h§’oﬂ%ﬁ‘e8§uﬁ§8ée 8 the é?@%?f A&{%‘H e

electrlcally i sol ate rom ou5|n ansmtter CIrCUIt
havi ng -capaci t i ve igpnsoPEnERRsSPEPNd AR EECH W‘Bﬁre‘i‘erpr%d@ &ty dgput

10 signal to the input terminal for the second control

means as a function of the rectified sensor signal
and the feedback current.
_f 25. The transmitter of Claim 22 wherein the
sensor means comprises:
15. - : a sensor housing hav1ng a chamber,
o ' a common plate formed from a diaphragm
'  in the chamber; and
a second plate at least partially
formed from a diaphragm facing
20 '~ wall of the chamber.

26. The transmitter of Claim 25 wherein the
seneor means compriges at least two sensor capacitors
which ohange_as_a_fﬁnction of a differential pressure
‘on opposites sides of the diaphragm. |

25 — 27. The transmitter of Claim 26 wherein the
' sensor cepacitors'are electrically isolated from the
sensor housing, '

28. A transmltter circuit hav1ng capacitive
sensor means for sensing a parameter, said circuit .

30 providing a DC current. signal representing the
capacitance of the capacitive sensor and comprising:
' transformerless voltage controlled
--oscillator means for prov1d1ng an



’ rOV|d|n a DC current S|gnal representing the capacitance of the
aC| J!M’” ,’ﬂ:" onprising: transformerless voltage controlled
il OV|d|ng an -20- oscillator signal having a <
Ctine- varylng volt age of substantially constant peak to peak val ue' and .
having a frequency controlled by a cont?dl signal ;

. rectification neans coupled to the sgfsor nmeans .and t.o the aqscillator neans
for applying the oscillator sign2fCtta5Q5 (B9 §&ﬂ felt@esNgTysre . .~
providing a DC current. 10 . = voltage of subsqﬁnﬁléhmyﬂddmstaﬂmspeakeans ol

for a sensor current respon5| ve E& 6% %é %ﬁmﬁﬁg%ﬁ%@&‘gwt I on of

the sensed paraneter; control neans an 1 nput co
“to the rectification nmeans to retRTeP R hdrecanrmadnsigndldn out put for

providing she cont ol si gnakebe1Ra¥ebhagéass bonbiss Gscind ator means as
a function of 20 he sensor current to contr ol

frequency of the OSC|IIator S|gn§Pn98ﬁdm€ﬁ??eﬁﬁ ot tRe MeHS A onsi ve to
_the sensor current and includi ngmegaass£ab apply1ng the oscillatdror

prOV|d|ng a feedback signal for contrglkéngg %%% f££ srﬁé:égl[e;%?traﬂsmtted
a

in a DC current path-as a functi 8498¢

par
circuit of laim28 further = and for prqvidlng a DC current
10 path from the sensor means for a
. S sensor current responsive to a

change in capacitance as a
function of the sensed parameter;
_ control means having an input coupled.
15 - to the rectification means to
| ' receive the sensor current and an
output for providing the control
signalltonthe voltage controlled
_ oscillator means as a function of
20 the sensor current to control
. | _ffequency'df the oscillator
signal, and '
current control means responszve to the
sensor current and including means
25 for providing a feedback signal
for_conttolling total D.C. current .
transmitted in a DC ccurrent path as a
function of the sensed parameter.
N 29, The.circuit_of Claim 28”furthef
30 comprising neané coupled to the fectificntion means
~and to the'osdillator_méans to maintain the peak to
peak voltage at a substantially constant level.
30. A transmitter of Claim 28 wherein the
sensor means has first andneecond'capacitances
35 (C1 and Cz) which vary as a function of the



30 conpyj sing means coupled to the rectlflcatlon means and to
osci |l | ator neans to mai ntain the peak to peak voltage a

constant | evel.

the 1. - - 2

and wherein the co
signal such .t hat:
pe voltage of th
transmtter CIrCUI

- Atransmitter of Claim 28 wherein ﬂ ﬁ E “uinu"has

first and second capaC|tances 35 (C and C) which vary as a

nt r ol

biagi

unctlon of
- 21- sensed paraneter (P),

means control s the frequency (f) of the. oscillator

[err] - - 21wkerein [err] is the peak to

%;Péﬂét§f9€gﬂt 4 wherein the> ont@oﬁ“@e@%%e

connectl1 on

C

external supply anqnseplestbenﬁmwcmabfh@ﬁ e pscdddateoar sdgnalrom t he
transnmitter is trzgafl t+hed,t hrough the two terminals, the circuit 15
conpri sing: voltage regul ator nmeans powered through the two termnals to
provide the transmtter with a regul ated voltage; feedback nmeans coupled t

the two ternpgals
function of said t

react ance whi ch changes as a functlon 0
nmeasured; transfornerless oscillator-

20

f sto provige a feedback signal as .a

otal current; vartabl ce neans ‘having a’
ppfg%gesqg} '

a paraneter to be 25

nmeans for prOV|d|ng a varlggégeiﬁeﬁuenfg'éﬂgxgéyglgg BﬁaQOQ%H%QbePSEK to

peak oscill ator. si

gnal
e osc111ator slgnal.

‘10 31. A two wire transmitter circuit hav1ng a
pair of terminals for connection to an a
external supply and'series connéctéd load so that a
total current from the transmitter-is transmitted
through -the two terminals, the circuit

15 comprising: '

voltage regulator means powered through the
' two terminals to provide the |
transmitter with a regulated voltage,
feedback means coupled to the two terminals

20 to provide a feedback signal as a

function of said total current;

variable AC reactance means having a
reactance which changes as a function
of changes in a parameter to be

25 measured;

t:ansformerleSS'osqillatqr means powered by
the voltage regulator means for providing
a variable frequency substantially constant
_ peak to peak oscillator signal}_ '
o 30 rectifiéation meansmcoupled to the

oscillator means and the variable AC
reactance meens to apply the oscillator
signal to the variable AC reactance
means and to rectify an output signal

o

means powered by the voltage regul ator



——~“—-—_——T?EET?T?ERIOH means coupled to the oscillator neans and the

va ia I@ﬂﬂﬂw nmeans to apply the oscillator signal to the, variabl e
reae to rectify an output signal -22- therefrom such =
t hat the out put S|gnél i s representative of the paraneter to be nmeasured;
~control means coupled to.the rectificatron 5 _ ‘means for

recei ving.the output signal and for ‘providing an oscillator control signal

to the oscillator neans tolggg& ngkregHgHC¥ng EHS é%&{ épgigna| as'%gi‘

function of the paraneter
provi ding a current control1§|gnareagnaatmnetp§ntb¢ Pheam@m$xnt%|gnal ‘and -
t he feedback signal; and cupeelasarbnsl neans coupled to the two 15 - .

termnals and the feedback neans f or. con& 8lllng said total current '
“transnitted through t hEWETRnBLEnSs cqUPLREt FBntBE FRESL +?%ﬁ&°%ontrol :
signal. 32.5 Acircuit for peansdifog aeeegnahgmbhehoaﬂputSSBgﬁmmCt|on of}

the reactance of a variable Ag %ggcbgp Fgﬁgngn ng £ %E ?§§g%§15|ng

oscil l ator means for prOV|d|ng asu constan time
varying oscillator signal h®ignglatesthe °SC111at°r m¢¢@qu@®cy which is a

function of a.control S|gnahongggglfggqggaa§ ggughgdogelibgt@§0|IIator .
nmeans and to the AC reactance neans to :
o 'signal as a funct1on of the parameter
10 S to be sensed; '
means for prov1d1ng a current control sxgnal
as a functlon of the output signal and
the feedback signal; and _
current’ control means coupled to the two
15 | -termlnals and the feedback means for
controlling said total current transmitted
through the termlnals as a functlon
. of the current control 51gnal
32. A circuit for provxdlng a signal whlch
20 is a function of the_reactance of a var;able AC
reactance-means; the circuit comprising:
' oscillator'meenszfcr'providing a
suhstantially'constant amplitude, time
varying oscillator signal having a
25  frequency which is a function of a
' control signal; |
' coupllng means coupled to the oscxllator
. means and to the AC reactance means tO"
apply the osc1llator 51gna1 to the AC
30 S reactance means-"
rectlflcatlon means coupled to the varlable
AC reactance means to provide a DC
 current path for a signal from the
variable AC reactance means;



apply the oscillator signal to the AC 30 react ance neans
rectification means coupled to the variable AC reactgnge.nEans—%ﬁ—prUvrde(g%%;)
- BC current path for-.a signal fromthe: vari able AC reactanc

control means coupled to the rectification neans for MM ““m roI
signal as a function of the signal fron1tﬁé'Var|abIe STEaNS;

out put means coupled to the rectification means for prOV|d|ng an out put

Mnal which is a function 01;: the- r eact-ance % 'Ehetl'\xla“ abl efAC react ance’
“means to coupl e sEPREEPECBPRNECQURLGRR tq othe rectification oo ce
and | oad .conprising a pair of meansnébs. pnovrdndgcthempqnﬁXbInsrgnal si gnal;

and current control means couplgd, t@uk%@;QHtBFttﬂ@ ding the
~total DC 15 , . current conduct ed throu ald palr term nal s

as a function of .t he out put S|§ﬁ5Pabé§ ACAF%??%%W?eeﬁﬁﬁﬂﬂing to clalns 1,

2, or 22, whemein the recbulpaat meanaeaaﬁ L8APESXEH@ Ldoe PO cdtdidied to
substantlally elimnate thermal drif t her ebet ween Acircuit

for neasuring the reactance of ™§A"S. %°gr858Yg§b%gﬁ@%ﬁ%“%ﬁﬂﬁniﬂﬁﬂi% ly as
her ei nbef ore described wi'th refwbiechcést 8 Fupction &5 the ﬁéqpnandé<mf Fi gure
3 of the acconpanylng draWIngSthe variable AC reactance means;.
' ' ' means to couple said clrcult to a power
10 o source and load comprising a pair
' of te:minals.fOr coﬁducting a DC
current signal; and o |
- current control means coupled to the output
~ means fo# controlling the total DC
15 . current conductéd through said pair
| 'of terminals as a functlon of: the
- output signal.
33. A circuit accordlng to clalms 1, 2, or
22. wherein the rectification means. is proxlmately-'
.20 formed to substantlally eliminate thermal drlft
problems therebetween. . S _
' : 34. A c1rcu1t for measuring the reactance
~-of an a. c. reactance means substantlally as
"hereinbefore described with reference to Flgure_l'

25',dr Figufe 2-or'Figure 3 of the accompanying drawings.




