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20 ‘While the ultrasonic transducer and its temperature measuring device are located at the liquid

container, the apparatus for exciting and signal processing each such device is generally located
remotely from the container. Where the liquid container is a fuel tank on-board an aircraft, the
exciting and processing apparatus may be located anywhere from twenty to three hundred feet from
the fuel tank. In addition, each device includes its own dedicated apparatus and cabling and on-board
25  commercial aircraft in particular, there may be thirty to forty or more of these devices. Thus, in the
aircraft industry, this individually dedicated apparatus and cabling represents a heavy burden in
volume and weight as well as cost of labor, maintenance and fuel consumption. Accordingly, it is
desirable, especially for aircraft applications, to reduce the dedicated apparatus and cabling for each
such device.
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SUMMARY OF THE INVENTION

In accordance with the present invention, a liquid measurement system includes interface

apparatus for sharing the excitation and signal processing of an ultrasonic transducer remotely located
therefrom at a liquid container and of a temperature measuring device disposed in close proximity to

35  the ultrasonic transducer for measuring the temperature of the liquid thereat. The ultrasonic transducer
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Figure 2 is a circuit schematic diagram of interface apparatus suitable for use in the

embodiment depicted by Figure 1.
25 DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to Figure 1, a liquid container is shown at 10 containing liquid at a level 12. By way
of example for the purpose of describing the present embodiment, the container 10 may be an aircraft
fuel tank containing aircraft fuel at the level 12. In the present embodiment, an ultrasonic transducer

30 14anda temperature measuring device 16 are included in a common transducer assembly 20 (refer to
Figure 2 for greater detail) that is disposed at the container 10. While if is preferred that the ultrasonic
transducer 14 and temperature measuring device 16 be contained in a common assembly, it is
understood that the present invention need not be so limited. It is desired however to have the
temperature measuring device 16 disposed at the container in contact with the liquid in close

35  proximity to the ultrasonic transducer.
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A common conduction path 30 is coupled to both of the ultrasonic transducer 14 and RTD 16
for conducting first excitation signals to the transducer 14 and corresponding echo signals therefrom,

25  and for conducting second excitation signals to the RTD 16 and response signals therefrom. In the
present embodiment, the path 30 is a twisted pair of wires 32 and 34 that are coupled across the
parallel circuit arrangement of the transducer 14 and RTD 16 at the container 10. The path 30 may
include a shield 36 covering the twisted wire pair which may be grounded at one end, preferably the
end remote from the container 20, or at both ends as the application dictates.

30

An interface circuit 38 that is shown in greater detail in the schematic of Figure 2 is located
remotely from the container 10 and coupled to the remote end 40 of the conduction path 30. Also
remotely located from the container 10 are a pulsed controlled oscillator circuit 42 for generating the
first excitation signals for the transducer 14 and a precision current source 44 for generating the

35  second excitation signals for the RTD 16. Both of the circuits 42 and 44 that may be of a conventional
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Accordi ngly, differ ial pulsed AC signal.having a high peak-to-peak
Tl tage on’ tHEEEREREY B el e RS T REbTEE ARIC i DoTL e of hamesn
acr oss ttdnefoiee 60 6athy intdrfack ¢ifuit 38. The transformer 60 of the present embodiment is of the type

25  having a ferrite torroidal core designed particularly for RF applications and has a winding ratio of
typically one to eight. Accordingly, a differential pulsed AC signal having a high peak-to-peak
voltage on the order of ninety to one-hundred and ten volts is induced across the secondary winding
62 of the transformer 60. Back to back diodes D1 and D2 are coupled in series to one end 64 of the
secondary winding 62. In a balanced arrangement, back to back diodes D3 and D4 are coupled to the

30  other end 66 of the secondary winding 62. Capacitor C1 is coupled in series with the diode pair
D1,D2 to form a circuit node 68 and for balance, capacitor C2 is coupled in series with the diode pair
D3,D4 to form a circuit node 70. For the present embodiment, the diodes may be 1N4148s and the
capacitors may be of a value on the order of one microfarad. Wire 32 of the twisted pair is connected
to the other side of capacitor C1 at a circuit node 72 and for balance, the other wire 34 of the pair is

35 connected to the other side of capacitor C2 at a circuit node 74.
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resistors R4 and R5 may be on the order of one Kilo Ohm, and the values of the capacitors C4’ and
C5’ may be on the order of four hundred and seventy picofarads, for example.
25 ‘

Still further, the precision direct current (DC) current source 44 is coupled differentially to the
nodes 72 and 74 through a high voltage differential switch 80. The precision current signal of the
source 44 which is the second excitation signal of the present embodiment is coupled to the pole of
one switch of 80 and the ground reference or return path of the source 44 is coupled to the pole of the

30  other switch. The differential switch 80 is controlled by the processor 46 in the present embodiment
through a logic buffer circuit 82. When operated in the open position, the second excitation signal is
inhibited from exciting the RTD and no temperature response signal is produced thereby. In this state,
the switch 80 offers a balanced high impedance to the pulsed AC excitation and associated echo

signals. When operated in the closed position, the switch 80 enables excitation of the RTD by the
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time to collect an adequate number of echo signals for signal processing thereof. Every so often, the
25  generation of the first excitation signals is interrupted by the processor and switch 80 is controlled to
its closed position to enable the second or DC excitation signal, which may be on the order of one
milliamp, for example, generated from the source 44 to be conducted differentially over the twisted
wire pair of the common conduction path 30 to the RTD 16. Note that the return current path from the
RTD is to the ground reference of the source 44. The DC response voltage across the RTD that is
30  representative of the temperature detected by the RTD is conducted back over the twisted wire pair to
the interface circuit 38 wherein it is amplified by the amplifier 78 and conducted to the processor 46
via signal line 52 and A/D 54 for use along with the echo signals in determining the liquid level in the
container 10. The DC excitation signal and response signal are blocked from interfering with the AC
excitation circuitry by the capacitors C1 and C2. Once the processor 46 accepts the temperature

35  measurement signal, it may return the switch 80 to its open position and continue controlling the



20 and anplified by the anplifier 76. In turn, the anplified echo signals
are output fromthe anplifier 76 over signal |line 48 to the processor 46
for use iwodss®r4ni ni ng the | evel of the fuel in the tank ROT/USHINS587

af orenenti oned pul sed AC excitation of the transducer 14 may continue for a
period of tinme to collect an adequate nunber of echo signals for signal
processing thereof. Every so often, the 25 generation of the first
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ul t r asomdims hereinsducer and its tenperature nmeasuring device at a liquid
container, like a fuel tank of an aircraft, for exanple, may share the
sane renotely |ocated el ectronics on-board the aircraft for excitation and
signal processing and share a common conducti on path therebetween, thus
affording a substantial savings in volunme and weight as well as cost of

| abor, mai ntenance and fuel consunption. While the present 10 invention has
been presented hereabove in connection wwth a preferred enbodinent, it is
understood that nodifications and equival ent substitutions may be nade
thereto without deviating fromthe broad principles thereof. Accordingly,
the present invention should not be limted to any single enbodi nent, but
rat her construed in breadth and broad scope in accordance with the
recitation of the appended <clainms hereto. 7 WO 01/63274 PCT/ US01/ 05587



What is clainmed is: 1. Aliquid nmeasurenment system conprising: an

ul trasoni c transducer disposed at a container of |liquid for nmeasuring the

| evel of woqueat7an 5 the container, said ultrasonic tranBdDwee/i3687ng
excited to generate ultrasonic pulses directed at the Iliquid |evel and for
receiving ultrasonic echoes fromthe liquid | evel that are converted into
correspondi ng echo signals; a tenperature neasuring device disposed in

cont actywiitihhngqldl qui d of the container in close proximty to said
ultrasonic transducer, said tenperature neasuring device being excited to
generate a 10 response signal representative of the tenperature of the
liquidijn cl . | m I .frasonic transducer; first neans

r enot eliy' I oc‘gé;lgggb%g#]pétn%%t%y?taﬁlgaggﬁgﬁlﬁ i ner for generating first excitation
signal s f oransdiradonit tramduer dispesahstdumeninesecond fvemnsurienits édvyl dfdmaided fr om
the 4 i gui ont aj_ner.. for. at i S excltation . i l.Sqf said
tener b uRER L L Qi IRASA AL O A aRR0 g i@ nid RSt iRhEa BEe O
sai d ul liquats tavelc antdr fmmsdbeeng aichserae aclicesfematther BquidBesl thal gprelevieged gmto
conduct jn i.d first excitation signals to said ultrasonic transducer and
said C%ngé’ég%%%ﬁch%aé%%% signals therefrom and for conducting said second
excitation sigmaéstuteomsainthg deeirp ispdsad &1 cvaastuwitnge diquidof tlenenaedinrdsponse
signal s thereftroréj 20 an. i n'gierfac circuit rem)teé A cated.f({omth liquid
cont ai MEPXEH LB EROB S FREdF L 3] PR BREUE Iskise Ret S itr O 8 ¥E B ron
conlductiegrngpatignal @pregpmedive bhithe tidrepecaownd we thediyuidf in Shisel pfaxirsity @rdid eacond

exci tattir%gd %i nal s over the comon conduction path and for providing a

bal anced THter face for receivi ng both of said echo signals and response

si gnal s fr onfitsheeane ramitely tiested fromrthghdquid canrdnep fogessiting finaasitaitmpigdst o
said i ng erf(ﬁﬁg Cir ﬁuit for receiving said echo signals and said 25

r esponse’ W GHLFEHE F&YFYGm for determining liquid level in the container
based on saig@condandave ensitgnddbaated fbm THediquidgtonchinee &8 UechargtiRyst@id ekitaioal m 1
wh rsei n.thF fi rlgtt nmeans i ncl ude§ means for generating a differential first
excit at THR L GREICIRFETE M PHEE $9%nd neans i ncl udes nmeans for generating a
di ff erenti al a @eeeodordictibmpdtio Coupled t@bgth whwatdailtfestdie rastimenacioaduatpeddurpat h
includes a twisted wre 30 pair;.and wherein .the uJtrasonic transdycer, and
{ onper dREPETRREF g CEUOTITE e SOEEEn Piepa Rer b SR ER e LAY ARG, o

W re padoiresdondih® eto0siprthisC thditetbMebnd for cbRductihglwiid sBmAS LektitGos iphamt®kaig¢l ai m
1 V\/nereti n the uItrasorai c "tea%gns ucer and Sfege%oat.ure measuring device are
cont ai nEYPTHYY TEBHGR ‘LA Sy ESRPP st RAF ™ onmon  conducti on path at

thed i qui d canb®ifiercircuit remotely located from the liquid container and coupled between said first
and second means and said common conduction path for governing the conduction of said first and
second excitation signals over the common conduction path and for providing a balanced interface for

receiving both of said echo signals and response signals from the common conduction path; and
processing means coupled to said interface circuit for receiving said echo signals and said

25  response signals therefrom for determining liquid level in the container based on said received signals.

2. The liquid measuring system of claim 1 wherein the first means includes means for generating

a differential first excitation signal; wherein the second means includes means for generating a

differential second excitation signal; wherein the common conduction path includes a twisted wire
30  pair; and wherein the ulirasonic transducer and temperature measuring device are coupled in parallel

across said twisted wire pair at the liquid container.

3. The liquid measuring system of claim 1 wherein the ultrasonic transducer and temperature

measuring device are contained in a common assembly coupled to said common conduction path at

the liquid container.,
35



35 8 WD 01/63274 PCT/ US01/ 05587 4. The liquid neasuring systemof claiml
wherein the liquid container is a fuel tank on-board an aircraft; and
wherei n Wweof/6323¢ nmeans, second neans, interface circuit RPOTURHIAGESSI ng
means are |ocated renote fromthe fuel tank on-board the aircraft. 5 5.
The I'iquid measuring systemof claim1l wherein the first neans includes
nmeans for generating a pulsed AC signal of a high frequency as the first
excitatjon spgngl i [Pale | ting
25C o tnal - DR HORLE DR T ERANT BRAN e LG WS ANE R Ohi BERREE,

ci r cui tan gitsfafiglesd whewint thé {ifsd meewsn skgond meensaintrBE eicgitahd prosessingencgmnateict i on
path ing.fq i1} 5 i.di ng a substantially bal anced

i rrpedang%1 tdgglgg?gg%ﬁbigugnﬂgpg} ];go(r%éiltﬂllgﬁ%ga%éecond 10 position. 6. The liquid
measuring systemof claimb5 wherein the processing neans includes neans for
contg old i ng e ' [ exei tat | i I . [ ans
and Sgoré'oper%% %‘gﬂ?%&é%%gc%h?% &?%lglg??r S ege%g ﬂzee%%ﬁ esggsfl Clﬂlgﬁsfs .H{C%E . The
liqui d sreersting npplsfisi@riged] of kigh Bequiney e thetfine ckaitaborf signal;cwvirenain theispmhddes
first Cllnéa(f‘lyﬁr{c'f%es ffn%ns %roge?l@l%%&ga B@ 3%31 'a?éfcchg%pc%né Ieg:ri'tg’ém% sfi%?;'a\ﬂg (évh]:arre%rrtlhg he

ul trasonic transducer; secon Ircurtry foOr —processing response sSignals
r ecei vedteffa@mitchié inchigrer switthdomeasiuctinggaid 0 signal angt thanaindateion pathic aifitsty f or
bl ocki ) i i 0 agnal . frominterfering., w.t id fi.rst

ci rout LS AR bR 0usuand SR USRS P Pld AP smtf Rosgons

i ntldx f epasitign.wi t h t he second circuitry. 8. The liquid neasuring system of
claim?7 wherein the blocking circuitry includes first capacitive nmeans in
series with the path of DC excitation and second capacitive neans in

paral | eé. wi thhe lidued pedshrind systeinseftblAE ewbdrtiatthoprocsing medisentlidpyintbanefos ur i ng

system of i.ar 1 wherein.the t er at.ur asurin &rgvi ce '.ncgude.

bot ot ainesSligh M et iR o ol Gl AR e P B o dn L e b S B

cl ai m Qitsirgiragd secodiieposifibhd. s coupl ed in parallel with the 30 ultrasonic

tr ducer and acts as a bleed resistor to the ultrasonic transducer. 11.

The ™l i quid neasuring systemof claim9 wherein the resistance of the RTD is

subst ant.i al | The lguebhersutidpasysteinef ickéh Stvaieesin O ifithidace @itcliCintiodesfatthvircdy 12.

Igﬁ_ : :_]%Ircg]iogegsgiﬁg {){ﬂg& géfse% omsiggalscrleg'eliv@d%rovn\pt g%&trnascgnri]g tral:\r)l-gglclers; ses:c%lqg tcl?'cgltltlrya%olry
processing DC response signals received from the temperature measuring device; and includes

circuitry for blocking the DC excitation sighal from interfering with said first circuitry and for

20  blocking the pulsed AC excitation signal from interfering with the second circuitry.

8. The liquid measuring system of claim 7 wherein the blocking circuitry includes first
capacitive means in series with the path of DC excitation and second capacitive means in parallel with
the path of pulsed AC excitation.

25
9. The liquid measuring system of claim 1 wherein the temperature measuring device includes a

resistance temperature device (RTD).

10. The liquid measuring system of claim 9 wherein the RTD is coupled in parallel with the

30  ultrasonic transducer and acts as a bleed resistor to the ultrasonic transducer.

11. The liquid measuring system of claim 9 wherein the resistance of the RTD is substantially

greater than the resistance of the conduction path.

35  12. The liquid measuring system of claim 9 wherein the RTD is substantially non-inductive.



9 WO 01/ 63274 PCT/USO01/ 05587 13. The liquid nmeasuring systemof claim12
wherein the RTD is of a sem conductor-based type. 14. The |liquid neasuring
syst em ofw@ba6azrd wherein the interface circuit includes PERUSOHO55875
governing the conduction of the first and second excitation signals over

t he common conduction path nutually exclusive of one another. 15. The

| iquid nmeasuring systemof claiml1l wherein the first nmeans includes neans
for generating a pulsed AC signal of a high peak to peak voltage as the
first excitation signal; wherein the 10 second neans includes neans for
gener at13g aTls@q@@ﬂn@ﬁmngusm ofzpdaimie whersayibe RXkR it efteisomicondyntat-baskd whe-

i nduces a DC response signal of a substantially |ower voltage fromthe
tenperature neasuring device. 16. The |iquid nmeasuring system of claim15
wher ei nl4 he Thet kquidowawiring aysteni nCklaided Wheran thei intsofeder gircuft gnclysies cesissi foy

pul sed i . f C
I T s T e

t enper anvrdlyreaelusive ofgpnelendthee; and includes circuitry for bl ocking the high
vol tage pul sed AC excitation signals frominterfering with said first
circuitry and second circuitry. 17. Interface apparatus for sharing the
exci t atibon abe Biuwhaheaprring ewystemgofoflaism 1 ulviheseswo ihec fitst amegoku dwtude? Gearmnfot el y

| ocat ed t r

dev; oo AT AR U A NEN ARG o ASTRALAL LBy TRARLL 0
mealdur i secprd mepabseingadea mepss folf genératidg anﬁl durteevigmt 3s thasedondiektitatisosigrel whlch
transd e r ul recte

1 aui d ey EDEd e e P ABRGHAHT Il LAR00N G B AR BEASHARI0 e
liquid |l evel that are converted into correspondlng echo signals, sald
Lerper aar e FRAH AG-08H SRSt DrITHASH 1B Rk GuRl RIB IR s L I
ultras oﬁor protesaing dulsel AC eslai signatstrea:eﬁ\&déroapﬂmmﬁtasmnq tnmisdmhengecoﬁdl DBCLUI‘EI‘!SEﬁDI’IS f or

gengr at szn|1r $c EXCI tati o Al id ultrasoni.c transdugel?dludseecond

means for ge rat g "Sedéh SEIS(CI % 081ngh§’| GRS
measur i mguitig\fmc*dpcklmg the fighrnvottagedunised A€ Paitdtion Gigokle dlrohmntmfeimg)‘fmb; adidl first
uItrasom tra sduc ﬁg said tenperature 30 neasuring device for

X

Cul SECOoNn . H . .
conduct i g ?rsctmLel itation signals to said ultrasonic transducer and

said corr espondl ng echo si gnal s therefrom and for conducting said second
orCl L 120 Gk 381 et TR TSR SR By RSP TS
seciind mmately lacutkdstatrefran o hiqdd noudhdrand opatdmpemrturg axeturihg devideeliposedict i on
of sai dclgsle rp%otx1n‘§1‘il:c]yd‘coSs(eel"l %ﬁltgasgﬁgg ’:rfgmas'ctili1<:(e::)rnf01s ;nggls%}ir?g t?x\e/ ?elﬁl}egl%rg 8% ﬂqui& %ereat, said
ultrasonic transducer being excited to generate ultrasonic pulses directed at the liquid level in the
container and for receiving ultrasonic echoes from the liquid level that are converted into
corresponding echo signals, said temperature measuring device being excited to generate a response
25 signal representative of the temperature of the liquid in close proximity to said ultrasonic transducer,
said interface apparatus including:
first means for generating first excitation signals for said ultrasonic transducer;
second means for generating second excitation signals for said temperature measuring device;
a common conduction path coupled to both of said ultrasonic transducer and said temperature
30 measuring device for conducting said first excitation signals to said ultrasonic transducer and said
corresponding echo signals therefrom, and for conducting said second excitation signals to said
temperature measuring device and said response signals therefrom; and
an interface circuit coupled between said first and second means and said common conduction

path for governing the conduction of said first and second excitation signals over the common

10



WO 01/ 63274 PCT/ USO01/ 05587 conduction path and for providing a bal anced
interface for receiving both of said echo signals and response signals
fromthe g@gmazaonducti on path. 18. The interface appar atpeg/ o158y m 17
wherein the first nmeans includes neans for generating a 5 differenti al
first excitation signal; wherein the second neans includes neans for
generati ng a differential second excitation signal; mherein t he common
conductlo ncI es a.tw d wire r far. co lin ul trasanic

e r ansdutSRedRh Tl S e BelngadBhied HErBael gkt PP o B gl SR e
| i qui d cepinsd sigals fivth the confhen ¢ortlwtibapgah.appar at us of claim 17 wherein the
liquid container is a fuel tank on-board an aircraft; and wherein the
first means, second neans, and interface circuit are |ocated renote from
the fués. talke mrerfacapdaiatue ofitlniar B Wherdf) the Tt thédhe ichdes g8 fatgdserfting@l ai m

17 er i rst.nmeans. cl udes ans for generating a .15 pul sed AC

si g\r% §lffg§nﬂ$ gérsff P’é’&fﬁté%lcf/‘g%?@ ’EVHf‘éelfH e (eopel ety Gre e§ agans JPiorSeTith

second &farsatidl Redoud @scitati®rafignal; Orhegem Gleadomi@n & ohMuct g pah imuded € t$RReRdre
nterface circui includes. a switch for

excitatian,si wherein. t he e

conduct PHGE ‘g@ﬁf&fhg }r}@‘ﬁ%ﬂnlc&%f‘d‘lﬁﬁé‘n‘iﬁﬁ‘aﬁféﬁedﬁeﬁﬁ‘&i‘% ﬁw%\“’fl?aFag’Fl BIEAEIHH and
for proxiliguingoaigétbst anti al |y bal anced i npedance to said pul sed AC signal
in a second position. 20 21. The interface apparatus of claim20 including
a processing neans for controlling the generation of first excitation

si gmal s1of t ke fkerBite ﬁ@aﬁms andlaind 17 apekt thd Uqlil @oihérGh a tfee] itdnk dnibosld Aand
second positio e |nterfac appar at.us of claim20 wherein the

22
i nt er f at&Eh raE‘EWPefFlﬁé]P lmeans, §FC°E ‘r'”(‘?%ﬂst? iptgiface sECW} e saledhpmotn g thee
echo si grRbhsk seeRtd6aikdrarn t he ul trasoni c transducer; second circuitry for
processi ng DC response signals received fromthe tenperature measuri ng
device; and circuitry for blocking the DC excitation signal from

interfepd.ng whd MiesBichpbha®t o£dlKimUITt GMerdindhd St REMS KichEed RGP 'fﬂr%@l@eratﬁga
excg% atiqn signal frominterfering with the second circuitry
R I

i nt &t f aBY figal el sk freguamoy ps Wﬁéﬁr% exeileen $iguak Ribagindhs wﬁ?rtdrryeapﬁwplué@s

first capagiftl ¥BeraiRANDJ HgrnBhd B8 s¥Wohd ctdtBti R fhal fanPEhexE thaid@hcabreuiecond
capacitjve means %gy parall el with the path of pulsed AC excitation, 11 WD
5

01/ 632 7RIS A IOEN s eondoering Fiid Lo signed Arss f@pfﬁaﬁi%fla%%h gt Afshpastiopad &n t he

second pRAAMgiaREhsuALS Iy RBNSiRpcdaRRes did fllsed ACESRANE 2%l 3bdit®sa. Si gnal for
a tenperature neasuring device that includes a resistance tenperature

device (RTD).
20 21, The interface apparatus of claim 20 including a processing means for controlling the

generation of first excitation signals of the first means and for operating the switch to its first and

second positions.

22, The interface apparatus of claim 20 wherein the interface circuit includes first circuitry for
25  processing pulsed AC echo signals received from the ultrasonic transducer; second circuitry for
processing DC respbnse signals received from the temperature measuring device; and circuitry for
blocking the DC excitation signal from interfering with said first circuitry and for blocking the pulsed

AC excitation signal from interfering with the second circuitry.
30 23, The interface apparatus of claim 22 wherein the blocking circuitry includes first capacitive

means in series with the path of DC excitation and second capacitive means in parallel with the path

of pulsed AC excitation.

11



5 25. The interface apparatus of claim 24 wherein the second neans includes
nmeans for generating a second excitation signal for the RTD that is
coupl ed iwgnaladt#iel with the ultrasonic transducer and agiE/@v1@s8heed
resistor to the ultrasonic transducer. 26. The interface apparatus of claim
24 wherein the resistance of the conduction path is 10 substantially |ess
than the resistance of the RTD. 27. The interface apparatus of claim24
mherein cond. means des erati.n a secqnd excitation
ol gnal Pt RE° BRDR e Y S HRRE TRy 1 GRSt pauded 5RSE Torrgerate
interf ac @ecafip atcithtith sidnalcfonh mendéranhe frehsirihd eviR Gl dndliRian s rdsiihtdempdrpars f or
generati,n .second excitation signal for the RTD that is of a
sem con eégTﬁgsed type. 29. The interface apparatus of claim 17 wherein
t he interface circuit i ncludes neans for governing the conduction of the

s over the conmmon .c ucti o ath

firs citation sign

o e BB R SopiatR AL B 24 Mo e SR P PR A S OLoBRNEP Em 17
vvher ei Natkéend bxcihtidiBadns] fofl aielmmtha’ea RSupled inGRAGEIRVItH the AltrapstiS shsd\Cesirgnal
of a high %ﬁgh to Eeak e. as %ﬂe first excitation signal; wherein the
second 2% SeA s 555) {5irageietati ng a DC current srgnal as the
second excitation si gnal mhich 25 i nduces a DC response signal of a
subst an aII ower, voltage fromth ture measuring d Vi ce;
wher ei nEi ht SHEGcE FPHE Of| TP b S IPIeRS creﬁlétatctergf ’ih8r°°6 e sﬂatilgls
pul s@d A@st@@tﬂﬂly%s@ﬂh@ﬂl the rdsRatad@ehe®am t he ul trasoni ¢ transducer; second
circuitry for processing DC response signals received fromthe tenperature

measuring device; and circuitry for blocking the high voltage pul sed AC

excitatppn sirghmtesfatd HParhiat 6f J8k A0 diNths dbddnd esls ifdlkdesinkdind f@NEn&REGRIN

circuitry. 12
a second excitation signal for the RTD that is substantially non-inductive.

15 28. The interface apparatus of claim 24 wherein the second means includes means for generating

a second excitation signal for the RTD that is of a semiconductor-based type.

29. The interface apparatus of claim 17 wherein the interface circuit includes means for
governing the conduction of the first and second excitation signals over the common conduction path

20  mutually exclusive of one another.

30. The interface apparatus of claim 17 wherein the first means includes means for generating a
pulsed AC signal of a high peak to peak voltage as the first excitation signal; wherein the second
means includes means for generating a DC current signal as the second excitation signal which
25  induces a DC response signal of a substantially lower voltage from the temperature measuring device;
and wherein the interface circuit includes first circuitry for processing pulsed AC echo signals
received from the ultrasonic transducer; second circuitry for processing DC response signals received
from the temperature measuring device; and circuitry for blocking the high voltage pulsed AC

excitation signals from interfering with said first circuitry and second circuitry.
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