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CONSTI TUENT COMPONENTS OF A FLU D SAMPLE BACKGROUND [ 0001] Hydr ocar bon
drilling woaoproanesti on operati ons demand a great quant PCY/ustoonfirimat i on
relating to paraneters and conditions downhol e. Such information may
conprise characteristics of the earth formations traversed by the borehol e,
as wel | as characteristics of the varidus fluids within the earth
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cont enporaneously with the dril ppngrpUibisamelk, have cone to be known as
"measurenent-while-drilling" techniques, or "MAD'. Simlar techniques,
concentrating nore on the nmeasurenent of formation parameters, have cone to
be known as "logging while drilli E%cﬁ@ﬁ&ﬁ' es, or "LWD'. Wile

di stinctions between MAD and LWD rmay exi st, the terms MAD and LWD often are
used i (00H1¢hangeadaion drilling bitid pedu@font dpefatidhs ésid € grebhuanetyndo M rinalidn be
used with the understanding that this term enconpasses both the collection
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paraneters and condi tions wnhol e may be detected by wireline devices

pl aced thenedrtte fdroracbid eaefrtcer by hise dorehbles Systags Has nixaamingecovatnerdownhole,

"tripped’.. .[0002] Many difficulties st in performng MAD, such as.. .
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to detect electronmagnetic radiation, such as nmay be used i n downhol e
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now be made to the acconpanying drawi ngs in which: . )
be detected by wireline devices placed in the borehole after the drill string has been removed or

“tripped”.

[0002] Many difficulties exist in performing MWD, such as limited space in which to perform
testing and the conditions experienced downhole. For example, the temperature in deep
hydrocarbon wells may reach or exceed 450 degrees Fahrenheit. Electronic devices designed and
constructed for temperature ranges expected for surface applications may have severely reduced
performance at expected downhole temperature, and in many cases are inoperable at expected
downhole temperatures. The temperature operability problem is particularly pronounced for
devices used to detect electromagnetic radiation, such as may be used in downhole spectroscopy.
[0003] Thus, any advance which overcomes difficulties relating to operation of devices at

elevated temperature would provide a competitive advantage in the industry.

BRIEF DESCRIPTION OF THE DRAWINGS
[0004] For a detailed description of exemplary embodiments, reference will now be made to the
accompanying drawings in which:
[0005] Figure 1A shows a drilling system in accordance with at least some embodiments;

[0006] Figure 1B shows a wireline system in accordance with at least some embodiments;



[ 0005] Figure 1A shows a drilling systemin accordance with at |east sone
enbodi nents; [0006] Figure 1B shows a wireline systemin accordance with at
| east sorwoentagsTZENtS; WO 2012/ 005725PCT/ US2010/ 04127 BC2/USRQOM}12F3 gure 2
shows a fluid identification tool in accordance with at |east sone

enbodi nents; [0008] Figure 3 shows a fluid schematic of a fluid

i dentification tool in accordance with “at | east sone enbodi nents; [0009]

Fi gure o] an.apsor pt.i on spectru [.0010] , Fi gur shows a sensor.
Syat emtfthe e RGBSR £ R ENaFREEH kel BRSCAPLE P31 2y oe PalPd 8 Shovs
a | aseooo8yr a8gird 3a66RE dINEEscNembBti@bs 4 BaRTidSRARa@HORE] Bt Srdad O] atfegur e
7 shows a fil ament-based source in accordance with at |east sone

enbodi neme SMbpPoEsE: Fi gure 8 shows a cross-sectional el evation view of a
sanpl e &ﬁbl ﬁﬂlﬁgﬁ%ﬁggn%Flﬁ%ﬁ%oﬁge%ﬁ%%ﬁ sone enbodi nents; [0014] Figure 9
shows £ Cross-<ectional ef evat o view of a sanple cell in accordance with

at | eag00199 "Figrd dho®ni sensdiQFdtein ifriagdor@antOwith aneaaRot endbdiaRnts ew of

iris-t ge shutter in accordance with at | east some enbodi nents;
)f 011] Figure 6 shows a laser source in accordance with at least some embodiments;

[0012] Figure 7 shows a filament-based source in accordance with at least some embodiments;
[0013] Figure 8 shows a cross-sectional elevation view of a sample cell in accordance with at
least some embodiments;

[0014] Figure 9 shows a cross-sectional elevation view of a sample cell in accordance with at
least some embodiments;

[0015] Figure 10 shows an elevation view of iris-type shutter in accordance with at least some
embodiments;

[0016] Figure 11 shows a cross-sectional elevation view of a voice-coil used as a shutter in
accordance with at least some embodiments;

[0017] Figure 12 shows an elevation view of a detector assembly in accordance with at least
some embodiments;

[0018] Figure 13 shows an elevation view of a detector assembly in accordance with at least
some embodiments;

[0019] Figure 14A shows an elevation view of a detector assembly in accordance with at least
some embodiments;

[0020] Figure 14b shows a cross-sectional elevation view of a detector assembly in accordance
with at least some embodiments;

[0021] Figure 15 shows a cross-sectional elevation view of a resonant chamber in accordance
with at least some embodiments;

[0022] Figure 16 shows an elevation view of a detector assembly in accordance with at least
some embodiments;

[0023] Figure 17 shows a cross-sectional elevation view of a resonant chamber using fiber optics
in accordance with at least some embodiments;

[0024] Figure 18 shows a method in accordance with at least some embodiments; and

[0025] Figure 19 shows a method in accordance with at least some embodiments.



[ 0016] Figure 11 shows a cross-sectional elevation view of a voice-coi

used as a shutter in accordance with at | east sone enbodi nents; [0017]

Fi gure 12wehowoarnsel evation vi ew of a detector assenbl pCirrusacioonance with
at | east sonme enbodi ments; [0018] Figure 13 shows an el evation view of a
detector assenbly in accordance with at |east sone enbodi nents; [0019]

Fi gure 14A shows an el evation vi ew of a det ect or assenbly in accordance

with at | east sone enbodi : 0 ' 4 OWS a cross-sectiona
el evation view of a detec3§§&§§¥§ﬁﬁﬁgb#ﬁbgﬁﬁﬁﬁéﬁﬁUE» ith at |east sone
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resonant chanber in accordance with at | east some enbodi nents; [0022]
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el evation vView o esoha usi ng fiber opticCs 1n accordanc

at | eastiveemeogpbadisnBnt &ffef B02dhe it ot QuntBors hthe dol@iing didctssamcaddanie
with at | east sonme enbodinments; and [0025] Figure 19 shows a nmethod in
accor dslkaas- e grmg “ipgudipg sy cempEsingede sised in‘an open-ended fashion, and thus should

be interpreted to mean “including, but not limited to... .” Also, the term “couple” or “couples” is
intended to mean either an indirect or direct connection. Thus, if a first device couples to a second
device, that connection may be through a direct connection or through an indirect connection via
other devices and connections.

[0027] ““Chopping” and “modulation”, with respect to electromagnetic energy, shall mean a
periodic decrease in the intensity of electromagnetic energy, but shall not be read to require a
decrease to zero intensity of the electromagnetic signal.

[0028] ““Substantially” shall mean, with respect to the relationship between two frequencies, the
frequencies are within 20 Hertz of each other.

[0029] ““Substantially” shall mean, with respect to the relationship between two fluid flow rates,

the fluid flow rates are within 5% of each other.

DETAILED DESCRIPTION

[0030] The following discussion is directed to various embodiments of the invention. Although
one or more of these embodiments may be preferred, the embodiments disclosed should not be
interpreted, or otherwise used, as limiting the scope of the disclosure, including the claims. In
addition, one skilled in the art will understand that the following description has broad application,
and the discussion of any embodiment is meant only to be exemplary of that embodiment, and not
intended to intimate that the scope of the disclosure, including the claims, is limited to that
embodiment.

[0031] Referring initially to Figure 1A, a MWD formation evaluation or formation fluid
identification tool 100 is shown schematically as a part of bottom hole assembly 102 which
comprises an MWD sub 104 and a drill bit 106 at the distal end. The bottom hole assembly 102 is
lowered from a drilling platform 108, such as a ship or other drilling platform, by way of a drill
string 110. The drill string 110 extends through a riser 112 and a well head 114. Drilling
equipment supported within and around derrick 116 rotates the drill string 110 and the drill bit 106,

causing the bit 106 to form a borehole 118 through the formation material 120. The volume defined



WO 2012/ 005725PCT/ US2010/ 041273 3 NOTATI ON AND NOMVENCLATURE [ 0026] Certain
ternms are used throughout the follow ng description and clains to refer to
parti cul avogystm@aI26onponents. As one skilled in the art parius2appuecs at e,
energy service conpanies nmay refer to a conponent by different nanmes. This
docunent does not intend to distinguish between conponents that differ in
name but not function In the follomﬁnd'discussion and in the clains, the
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hol e aaeBﬁbkwn&ﬂ%omamhﬁmef@ﬂmﬂk@ﬁﬁaxdﬁ|II|ng pl atform 108, such as a ship
or other drilling.platform by way of a drill string 110. The drill string
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f or mat imorlina i eygirgy opezﬂlonihe[nvmlrmnmhlrdEfgumeﬁB illustrates a wireline logging system that
comprises a logging tool 100 placed within a borehole 118 proximate to the reservoir 124 of
interest. The tool 100 comprises a pressure vessel 150 within which various subsystems of the tool
100 reside, and in the illustrative case of Figure 1B the pressure vessel 150 is suspended within the
borehole 118 by a cable 152. Cable 152, in some embodiments a multi-conductor armored cable,
not only provides support for the pressure vessel 150, but also in these embodiments
communicatively couples the tool 100 to a surface telemetry module 154 and a surface computer
156. The tool 100 may be raised and lowered within the borehole 118 by way of the cable 152, and
the depth of the tool 100 within the borehole 118 may be determined by depth measurement system
158 (illustrated as a depth wheel).
[0034] Figure 2 shows an exemplary embodiment of the tool 100 in a MWD configuration. A
first end of the tool 100 includes a probe section 200. For reference purposes, the first end of the
tool 100 at the probe section 200 is in some embodiments the lowermost end of the tool, which is

closest to the drill bit 106. The probe section 200 comprises a probe assembly 202 having an

extendable sample device or extendable probe 204 (shown in an extended orientation). During



WO 2012/ 005725PCT/ US2010/ 041273 4 between the drill string 110 and the
borehole 118 is referred to as the annulus 122. The borehol e 118 penetrates
subt er r an®arroaERs0r reservoirs, such as reservoir 124pCrhstoianel2nel i eved
to contain hydrocarbons in a comrercially viable quantity. It is also
consistent with the teachings herein that the tool 100 is enpl oyed in other
bottom hol e assenblies and with ot her érilling apparatus in | and-based
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fluid identification tool is used in wreline ggi ng operations.
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sanpl e devi ce or ext'endabl e probe 204 (shown in an extended orientation).

Dur i ng [00AD] 2 Figire 05 ARERCTHe8ROLO) 0 4l BnatiE: fluid connections within the tool 100. The

various components illustrated span several sections (e.g., the sample bottle assemblies on the left
of the figure reside within the sample bottle section 212, while the probe 204 on the right resides
within the probe section 200); however, the components are shown together as a single integrated
system so as not to unduly complicate the figure. In particular, the system comprises sample probe
204 fluidly coupled to a flow line 300. Flow line 300 couples to a test branch 302 comprising
valve 304 and meter 306, and flow line 300 also couples to a flow line 308. Each flow line branch
will be discussed in turn.

[0038] Flow line 302 couples to shut-in valve 304 and meter 306. When shut-in valve 304 is
closed, the meter 306 is fluidly isolated from the probe 204. However, when shut-in valve 304 is
opened, the meter 306 is fluidly coupled to the probe 204 such that any suitable measurement can

be made. For example, in some embodiments meter 306 is a pressure meter, which thus measures



periods of time when the drill string is turning, the extendable probe 204
is wthdrawn into the probe assenbly 202. When the formation is to be
tested, owowhemoar2sanpl e of formation fluid is desired, PCOtUsRé0N41273 t he

drill string is stopped and the probe 204 is extended to contact and seal
agai nst the borehole. Thereafter formation fluids are drawn into the tool
100. In situations where a sanpl e of t Ife drilling fluid in the annulus is
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ext ensiisPrerptherfmetth s A bEARre 202 i MEgRLMEi, i e onpiteg
to thecpi 8DenRI8 WotPWhéPthe Pilde PG (BEduNRAMRMIVOCHE I0pBraRShANCA héh ?ﬁrﬁpglo_is
section 200 and the power section 206 conprises fluid and power/el ectrical
pass- t Hustiyisolataddmn theipsebe 2 eh as for el ectrical signals, power, and
formati | wi rawn, thro he,. pr 204. .Tha .not i fical .

11 ot FOPh el BsRuEE ol SBEdhs o eI SRBEhGET ing e
whi ch dg@ansinigl wilvds3 i2nflowt e $heebff A0/ et Do weHdtrpscopre 2Adbr sastérth Bregeaky-dswn

t ur bi ne assenblé fromwhich electrical power for use b%qthe t ool may be
gener afePpy Orpd flawilinei Hg. MWhanglepirediorrgualie siggpresies ingls prebe 204 ipthafpf the

el ectrapi I ' 1 t '

val ves O soR el PAVERLE LR EaRPERBNLAT Al 16 KILALE BTRRLRAe the
t o t he ppowee tsthat dfannd06 12T hidotvdsie 338 dinidiync@iplesi ® tom, eoonerdr sese hotde eslsty e
vessel at.__houses the various conponent sed to nmeasyr d/ determ ne
const i éé@n\vhlel_a (GR eEs GPIRRL FOPLYT SHPRE BPHe b sEPIR 24 f 1By o_ﬁfg“zﬁae thhe
testi ngsdesgsédsdeiafetIar %ﬁhv'a)fv@ﬁ&\é@ecti&l)‘s%ﬂ?é Bo P @he B3 RARL hiRnAL32 Ay
be coupled to the test section 210. The sanpl e section 212 may I nclude one

or nor ¢008ipluringt eried asfstemd Whes a 2drnation € stistbiaing peHoaheds aqpiliemgofhlvelsd 2 is

formatipn fl.uids to .for red .l ed anal ysis at the surface.
The. eneletFog ety 48 \BYSoff isabensh a%nd Sl SraREe G efilesut SH HiFe
assenbiy4 I0¢en] @Q@Zﬂeatﬁigg&'ﬂﬁxvipaﬁlhﬁi/&lgh siehgR. Galidlly the VabGls v Wl datty dhe
connections within the tool 100. The various conponents illustrated span
sever alfluigewpithignde (hergholet(kg., shivingeflpidh.t hased s parbon dbe Grids Heithinftihe berethpde
figure ] 1L i I t j i on
tha i SHEPEGedubdl R eoRER RanE khlo? BEMBESf e M o HE-SEREBEr S
are shawadédgetrbeiatian 326.S Engltealiynhegeat abe Ayigh afovig sHupbthel vriondfby lines
conplicate the figure. In particular, the system conprises sanple probe 204
f1 ui dl yigbepineast exslusivelohating f88¢5: Fl ow 1 i ne 300 couples to a test branch
302 co TEL i 0 a
L ow | TR tr L KBy S Bk sy OB OF RPRa e PURPBRERNER %
| i ne 3disoating Bsteno of Kiguré A. viEdrvexaBPk, doda netvedo 80 Gest e tess halve 364 viadyvee 304

is closed, .the ter 306 is fluidly. isolated fro he probe 4. However,
when SREEAN LG rsnie ‘glﬂaﬁéﬁf‘et}?%lﬁ@ Fed bF Ssver i g dfcye S et ifhe
probe 204y B (doabuRny s vhiablepsdTERs YIuEdTR Rbu i@l toliRe ﬁ%ﬁ@ 204 94d B@FMbKing! N

some enbodi nents neter 306 is a pressure neter, which thus neasures WO
2012/ 00ler2ABRCIAUSP 0410¢ G144 2Ag be closed, pné e wmwuof oft thrae fherfommadtion tdkes tadretusn whi ch

the probe .204 is, fluidly coupled. Such. neasurenents can be . bot h. when
the putbosaiRurobbEatesie fe B ST R TR R D an R e R LR G
i sol at edwf liRM(dddehiy QBHIRQ# thd Bd %) thettiokd hdle hed/bi RO NHIQGH] Baybe fdkeivahd ne
308 couples to a plurality of conponents, including equalizing valve 312,

flow | isteeeds hﬁ@rl- ofmplea|vele FPA wpe be opseaspiwingeh duv-dapst &, 3né vepl vl ddth
v b SbaeR G AR o MRS R ShAE 30RS. BESERS T A0

equal i 3RNds y@dnee agdiz. A3 aOlpene&ehe Withis tegp@ticdamdratvii®war € sts oir perhapstahditfeit
annulus 122. Flow line 318 flujdly cou§)l es, inturn, to gne_or nore bottle
val ves tesopf 2 diffierant gerth i thg ool oy 308 1sewprack ndlevestnyle 3koistqlesed, thus
assenblgi : i val

Vel ve SUEEa L ] Sl BS B A B BHEY Ry b P PRl O e g
per i odsluafs tharere anddgredan hdaboattorgn t est i s bei ng perforned, equalizing val ve

312 is ed, flow line shut off valve 314 is ned, punp 310 i.s. operated
Vo dr alHEEF et bl Wi e et e O Rasie TR 1Bs Rib R
throughnbhiéh $hS6@kteM td Mrlons thaRimeddit QU Bd AvadubddeSudAhd ¥ deReninhtibifl aykd hi n
the bore hole (e.g., drilling fluid), based in part on the fluids within
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t hose fluids that have penetrated or invaded the formation 326. Eventually,
however, the fluids noving through the various flowlines will be al nost
exclusively formation fluids. [0041] Various tests can be perfornmed on the
formation and the formation fluid using the illustrative systemof Figure
3. For exanple, for a drawdown test the test valve 304 nay be opened, and
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[0042] Yet further still, with valve 314 open and punp 310 drawi ng fl uids,
as the fluids flow through sensor system 316 vari ous paraneters nay be
measur ed,weuete/®@s72a determi nation as to sone or all thePCoOsRIOEIT3
conponents of the fluid. In accordance with the various enbodi nents, WO
2012/ 005725PCT/ US2010/ 041273 7 the sensor system 316 determ nes constituent
conponents of the fluids based on elecﬂronagnetic ener gy absorption

characteri stics of e, fluid, and. how el ectr et c, _ener t hat passes
Chr ougi iaMEE § Rrdsrerides Pt s BSienE HaBs Rk TR AR e osB AR S

Bef or e efl@by ab@rptiinhhReteSIRES iof itiesf1@l, dndehowedls@fonFaighb@Rnid; thhthisses through
specification first touches upon the idea of el ectromagnetic absorption by
cheni cé#he hodeintprasss witls apheopsticoierpantdhem@pisor pti on plays a role with respect
to flui el ect net i e or fLthe vari. . i ments.
I par (TSGR (8 TBRIRY GuliSiSoni e ol e Bl ungf TR e

el ect r opagnetider drtdcgymagneicfabigplicinbpéhentieal sticleteldd] & adctiohtgnaiceddption
(i.e., discrete excited states of the nolecule). That is, when )

el ect r GHagneticle avily gsprest. & fluid srewks) and glestpaagietispeeeeoroPedht evarieps t he

ener gy eﬁlfboailﬁf‘enghﬂlt %?tié{ﬁﬁ%r?%oaﬁggélh@ érgﬂ'ﬁ:iﬁ&yabg(ﬁﬁg ggﬁ&ﬁare%gxieie?légl? %tf glg&g%]rﬁ?énetic

nol ecul e i nto one screte exclited stat oton may
be absendedas hffuidtien efiéregyruofurd bfethp haflanlcd@es disotetenadcitéd tthies ef regyolnadded

to excite the chem cal nolecule jnto one of the excited states. (e.q.,
ener gy TR AENBHOEITISNE B NISH - 6r o PBBO by NeIOHE YBHbE G b ey of

ol eculg YRR Hes t@@%ﬁ&?? eed®d (BRxEXAMR|cBemicREMPRENR RS0 "BRL &F WheEmolcb s © 4
shows a graph of nethane {ransmttance (inverse of absorption, and al ong

t he Y- adiscrse axcited gates, diraphroeen maebealyprimdailirtbe envagedicthgphotpn HeesXoariagh the

the el ectromagpetic energy.for wavel engths in the infrared region. |

bart | coreE TErg e G beeptBlral B RRER R Bt rcled SRS GEmBRiane tg
el ect r pRBgREE it6o SNET BY W IdWw)\Nave bBOEA asRE A hdedlilC RN eded. ECARERS, PAdaDY
nmet hane. For el ectromagneti c energy having ot her wavel engt hs, for exanple

at 5 nicgropls, the Haethanscmplsalgndiigwe éngoyyp Hageb f gursbangrirgnamitiangn (inpeiske 6f
The gr Fi 4.r o i il ive~ Fach
consti t% ﬁ%ﬁé{ Ioc“okr‘r%%g‘%ﬁ thgfyg %El oér}%’é |ré%%%?elﬂlic§nﬁ§g%H/Hslétévv(a#’a%@@or(% i)%%agpoefé Fum
(e.g., ewefremhagredt Rasorgsi oxivisecleaithane)the amfehr&y régi@l. y Ih Spaddculdiecldbsanifpnk
spectrumfor a fluid sone or all the constituent conponents na

) ) ) be
i dent | N8y Withovarplepgtye pound 3 HyGHens.iapd pleeEuMAFNSET S YoV i W&V%l@t%/ﬁélaﬁ argyngk & m

316 in 1 t i pn i sor
Syst em B8 e ono  Sbb bl mARRE A8 e R AR ke BB bl A gihalf IPES
el ect r eragpletat & naeng\thé eleetromnepagadrgy paske atbsonaghetnimpedede shhe gmpls ofre
cases the el ectromagneti c. energy. havi.ng vel engths in the infrared regjon
(o. ., Fiuse diveaisies RrDapeis cPriay I E a0 Ak Gras SFhePrataReRt S epfEos Bk, gy

creat edadys tdieh SOUERRNAHREERN Ve oM Wilerd Qﬁrb%h%ﬁ&ii@é[a&ﬂﬁ{e?,carﬁnﬁyr Aalldit Wstihat ed
by arrows 502, is optically incident upon a sanpl’e cell 504 containing a
fluid shyppteon sghesming fdr afilicesnumessy adifthe eansfifugntdogwapdngs mbyg be lepafiad. cul ar

12y R, S SRS EITAR 5 Sl BRS04 e

el ect r gpmgRatboin@Mey. gih pdratul PASEESenkS, syb@MSTITECHRAIIIREN FRIMES assehbsc30Bd The
modul ati on assenbly 508, with the el ectromagnetic energy illustrated by
ar r ows S9gee assh@b}yo%m aedtenelagaiagheticcoBILhén pcmoéaa}tln:grﬁ'gﬁﬂtr@tr@gnqtﬁewaw)eﬁm ty

of the some cases the electromagnetic energy having wavelengths in the infrared region (e.g., 2.5
micrometers (microns) to 30 microns). The electromagnetic energy created by the source assembly,
with the electromagnetic energy illustrated by arrows 502, is optically incident upon a sample cell
504 containing a fluid sample. Chemical molecules of the fluid sample absorb particular
wavelengths of electromagnetic energy as a function of the structure of the molecules, and other
wavelengths pass unimpeded. The portion of the electromagnetic energy that passes is, in some
embodiments, directed to a modulation assembly 508, with the electromagnetic energy illustrated

by arrows 506. The modulation assembly 508, when used, modulates the intensity of the



WO 2012/ 005725PCT/ US2010/ 041273 8 el ectromagnetic energy to match an
acoustic resonant frequency of the detector assenbly 512. The nodul at ed
el ect r omrewy0eDi20008126r gy passi ng through the nodul ati on agseEmskegr0hOR7passes
to the detector assenbly 512, with the el ectromagnetic energy illustrated
by arrows 510. El ectromagnetic energy incident upon the detector assenbly
creates acoustic energy in the detector® assenbly at or near the acoustic

resonan fre c ting the acousiic ene t he detec

s reui SRR Yool 1B b A SR e P it i TS 52 Bt s
of the niddﬂla%dsélﬁaf&ndgﬂeﬂi&@n&%h@u%edhkodﬁﬁym@@n&ﬁldﬁbm z@@é@lﬁblgf 508 %é@ie@'tb the
process is nonitored and controlled by a con‘Put er system 514, which may

cont r oldetepter aysemnblyidda, with th@@l@tremégnea@ seersy ylsoated by arrpws ﬁﬂbdﬁla@tmﬁagnetlc
asse”bleXe g ?ﬂcu%r]lgu%pent (flh d%@:(r:rt%}J %ssg@ﬁ% ér% 514u?[{}aéyen%} SyOmCEﬁé ggtgct se%ﬁb ?SaE

energy w ECt or asse POSSI e va IOI’]S

of eacheaftht heowsarpsoedmit Sreqierkcly 9 lByedé%ect@g dh€acdusGo Bﬂilﬁglﬁ ni thed detecta)e ateablys Sed
in turn, starting with the source assenbly 500. [0045] In accordance with
vari ous 12nhe dreseRtesor absence ffras oasrg%rﬁtﬂoystﬁwt cPeRpante el thefiidgample in the

el ectr 9{1’@?]]@%%11 q’neﬁ{’ﬁé Eﬁeﬁeﬁﬁﬁlﬁ&. WH&E%}%P%CM 1E %nﬁt@ﬁeﬁa{nﬁ%oﬁg&ﬁ%ﬁ%& %51% uter

particu y sti € source asse eates collimate romagneti c
ener gy sydt¢rh Slllécy@/ihmhgmlag caloniethd .dpernitioi @tﬁ&he andcd nsspablyl 500 and ¢iees ewdulhgorone

or nore t he el ectrona tic ener are between 2.5 crons
and 25 aﬁ%ee%g‘/ng&g ﬁd@i“% COMRUIGT SYsGR %ﬂ,? a{PaYeﬁLB‘b&%E‘n € ACRRSLS SHFEY WEUR iR y
is a h%l:de%} Qﬁ@rﬂbiy@ﬁ@@l@c{r@g&%ﬁ% ﬁds%leﬁ%i%g&%tdf%a@rﬂ@ﬂ’ @Y ananéﬁtsV@f\/f%&Bgl h
of 3.0 mcrons. Héliumneon | asérs creating electronagnetic energy With a

vavel engd kachicogipOnenit eiilb he disewssed iddluy, dating abthehe sucde sagnftlpMBost on

El ectroni tion of Brookline Iva husetts

| ost TU4T o TRoRRh Bl v B Ce T ERE P e Hier i oS o e

pr oduciergtréhgoreat bhdiBy QakhelHelch B GE hﬁra@&ﬁfe@wnmzere[p@%ﬁlaﬂ/;\ stiBS@E solye I t'S
very nature, produces collimted el ectromagnetic energy, and t hus no

furt heraSSGplbimneaté@q evlpmated alrepromagirtis ey oVt diavelenathreaboat |1iraicsens, and in
el ectr QURANGH IcGeSNAL Dhe dAﬁo%%’ - Way SR E e %Oglegt%&fn%ﬁggp%h&%geﬂ?rb%Ywé%El%

than a‘laser my be u e var us e n a variety

i nfrar etlclons hite2Ss rrﬁdilensiihaldsﬁbl én (epagticul dr eAHoBOSNE I’tthl;cﬁE(Eer @@etrﬁlsl)/ iwaihetiuise a
tungsten filament. Further still, light emtti ng di odes (LEDs) which
pr oduc &€} HeET BiodpFieg ielecompgirtic snelgy With Aavaglengdi o3 Ardicensi | Heliwnngory . |

{1 om BSEQREHAE bletiMfisbhctic Blerd IS wiblehbin of PRI A QRRIY LA Al

bulb, in a n to produci ngel ectromagneti c energy int VI SI
spect r asrfroal Ea:stcprEdunnkséloemramxn&gfr&bbldimﬂdasggchhmtﬂshEig’um‘ 6 sirosch anégilsrmative

[ 0047] Sources ct.romagpeti c_.en in the form of fllarre ed
i nf rar éEmi acsﬁf‘é? Y %@f r“?;ir@ﬂ E Oér&ﬁ?e?é@mef’ﬁhﬁs%u?@@ RrAdycang tt ﬁgvfﬁfd
sour cegle):trgga%qghcg@& gp8s@ i1y produced collimated el ectromagnetic energy;
rather, the electronagnetic energy radiates radially outward fromthe

sour ce [00A6lis A wisen &y poivaty B@umecerquCQSs@ﬂhla@ldd telestramagiestin canergys and ¢hus no
inple WD 2012/ 0057 5PCT/ . US2010/ 39 he col.l i mat ed
ot - L el i 8 RREFSIFhe” soBit 2 souBhAg SBeliBniRlie BBISEe
assenblgoweer, (sbu@ky &f HlectBthagiiil nces) bt}}'é94h2(th§lH§ee iy b8 el ifomstvagiohed,
the collimation of the electromagnetic energy may be acconplished b

si t uat ﬁﬁ@0@1ﬁ@n§anﬂ% exPl50a et fmﬁlfatré@]ter@littgltsaﬁ@e ayailghlet freg. pcfrqm eiivte.
Coveroie IFSPSAEES: IS ERILGoh, R0, U ISy R SATE
ot her msmllnwelsaﬁ)nhagne@d ¢ren@mtia tlﬁd’lﬁfr@feﬁ@ég’lﬁﬂfr&@mehﬂldblé(@%[,prbnlirByjsth Bl adnics).
Yet further still, a quartz-halogen flashlight bulb, in addition to producing electromagnetic energy
in the visible spectrum, also produces electromagnetic energy in the infrared region.
[0047] Sources of electromagnetic energy in the form of filament-based infrared emitters,
infrared LEDs and flashlight bulbs (hereafter “point sources”) do not necessarily produced
collimated electromagnetic energy; rather, the electromagnetic energy radiates radially outward

from the source. Thus, when a point source is used additional mechanisms are implemented to



[0048] Figure 7 shows an illustrative source assenbly 500 in accordance
with at | east sone enbodi nents. In particular, Figure 7 shows a point
source 7080i2n12des726or m of a fil anent - based source, and poiratS2a008e3 700 in
operational relationship to a parabolic reflector 702 (the parabolic
reflector shown in cross-section). Parabolic reflectors are available from
a variety of sources, such as Boston El%ectronics. The poi nt source 700 and
parabollc reflector 7Q2.are arranged such tha rati.ve fil anment
P e qedrapes e FoBinp el it 1By oRROTRaRBE N e 1 B by BV hiyisB B
ener gy seire@hRembly 3009 FRRINS) SRWaAH1e/&D JAAIFLES 57 Rdotbonktrimbavand colRibatibh
reflectlng fromthe parabolic reflector 702 the electronagnetlc ener gy
becomesf #ie ¢lecirpmagagtic eiiefsy way bp pegoseplished by piting thedsapipla £elb Rt mufflc{e@mg]
I n accaordan h I e t. u i.nt h i nt
may pr % Cfga%eg gPeCtﬁir Brgrgg%e ceC r%(?]v(&éévgg n cgst%%% err?ftlhé. ?Hex@(f &GP dlsgancee lge \{veen e lg?urge
pr oducassehn®bt onmgneaible @Ne0dYs Wnitbd, wastehseingiitisn @ubs/hﬂtﬂe deﬁ i Jtigl nﬁe@l’igﬁﬁns
Still referring to Figure 7, in accordance with at |east some enbodi ments
t he som% inats lvt@eegﬁetgf FGFEYHBY Reotpdi se a filter assenbly 706 through
which {8ipisf! askiomm %g iy SRR ! SuRBSREnDLT IR0 ! dBEraBRCHRA Yot 10 (Gpd-
an interferen ilte S the passage of el ectromagnetic energy o
some manﬁbéngmhs]nqndmamhpﬁgukhesmmBSa@entomt@dﬂmmnﬁgﬁbhnaﬁem@hgmn@&medher
wavel engt N sone ca t he fllter assenbly is a ban as, fllter Wl
in ot hégurﬁ%éeé PORE SpYTd Z&?’é‘s@é%wa 68@%%%*%%@@1 RAFRObS r?fgeﬁg)é ? (s parabolic
pr edet e E-RRAndVAT B850 sGectdh) SPEE%bﬁ[EQ@ﬁé&&@Taﬁe dafattb %Fnr LURERLH ©uRRE A%
that | eaves the source assenbly 500 of Figure 7, the el ectronagnetic energy
i |1 ust naBestob¥leztronws SEE‘Zpomtas@uwa\?@D en@pmbdbavﬁeqorg% ace amaged methithat the
partic cas the | ectr eti c 502 is
bet weer 1t i ERmkE A S P Eokah 8ot 74 fpbaiaelifure FREMMherets b
700 pr kaldﬁéﬁ%}ehﬁ %di@t%ﬁ%t 760 %ﬁft@ﬁa@ﬁh?’ dubvad dB& inedfleangefroth NBe fpatabslic
assenbly 706 e omtted. In yet still other cases, on y particul ar
wavel emeftagtor ﬁ@% tbe elsstmaRsyic tenergmhet:@waetslemslpﬂrtw@a coptignatedk saspiilestrafaq by
systenhﬁg& q iectlng met hane, a filter assenbly nmay pass only wavel engt hs
whi ¢ ane susceptible to absorbing (see, e.g., Figure 4). [0050]
Ret ur nife@9pr iTefacyortiancivgth @nbodimbies elae abd p@tﬁgmtrde@ Beeogy soiidespmad paridcdy
the source assenbly 502 is incident upon sanple cell 504. In accordance
Wit h aflereempenstensneay by thedntrared EEOMBU G@Q%@F%ﬁ(@#%@?@f@m Eporgy pyith
spectrQsg Qhé‘th@&?th&ﬁe la8siftl rh S%‘HR' fefe Hl M & Fi uﬂ%aﬁ"?n %écofr&%cé Yl £ 18dstidhne
flows wthin or t roug% t he anp e ce Figtire shows a cross-sectional
Vi ew oferrﬂ»oéumcptsethcmdrcé@éemmyaiﬂﬁonqmeemdmprab aI fées tisssoiry ‘Eifbthchugbnilsch | n

partic ar, the sanple cell 50 ese e nts cqQnpri ses flujd
condui £ %@Bﬁ‘ﬁ’ér%ﬁgﬁ@t et Briiac© dlurg‘?ré[%%rr aSP%an@VgQ -85 ﬁntlﬁ‘gﬁjf“ie@%ﬁ g‘tervLBlOCks
exanpl gme th?sa%e Wrdee ORI dneBO®niRY BE Bmb dakBefodthd OMMd lanswt hak ff%ﬁag@ Bf

mllimeter internal dianeter. The sanple fluid fTows within the fluid
condui eles@@nagrigtic fehengy g oslmirp’vae/e]‘ehgnh@l ilh |somae rcaseecthcby?ﬂtalr apambg0i3.a Pod5Eps The

fluid ¢onduit. fee atra ion re ansi pi.on region

ai r ect SPhv e BraRel G IE PSR hardBeren IR MR e PGREENE G 06
In at lgagbld oniesoeMdmaérﬁs &J@%lé@t@ﬂﬁi\g\ﬁet@%e@&&hz&awm fiR, solitet aGdehi®ly 500
material that is substantially optical transparent may be equival entl
used. PhFagark iteuFlaetramemsaiiorenergy tlﬂetweﬁdm\srrws 582.ehasi wavplepgthspabove He%/

ci rcul i

1 st eSS 40 Bl oSt U e b COORS ORI B VL 307 BBl s #S
assenbyiciOar{dE Owiiceorts) I SitchtibRCk e tHerpwg hoﬁrbe7@l}3prbd@dels yleadrorgaeativvenmeadoms

806. In sone cases the source assenbLy 500 |gure 5) and the sanple cel
504 ar @"WnhiBnk EFYEe 13p3e &b Tilferagssynly, 708unay he QiHEsd ¢ éfet %tﬂleother cases, only

el ect ' oumanet mvae?gztlgsvm§9%e BasclBydhe %%Iegssegbltyh@ | &afile, iPQ4yQ¥mabY
SUItab e structure e re mrrors) he el ectr nagnetyc ener gy
502 i nteteattrtgsmetihtule, aH@dtef lassechbyampy @assnortin evar e gngims thbm%wme tsheeptitie ons
806 as Ehe fl |d saml e E$om5 [ 0052] The di stance between the w ndows 806
is sel@ ?Ewn% Sef e dd8Y'§i/'st age based on the type of sanple fluid to be
testedjoe®0y tHRRuAINSIRNES Betipgers, tthe et islaNhe806ndrgy SO WlodiRedBy i the Kbt €
8. For exanple, whén testing formation fluids haV|ng substantlar heavy

| i qui dabspabbcH2os meatsnpepvarsamplei cell. 504 bInnaskomliande, withhat lefist scmmroemipRlibentovden
the wi ndows 806 may between 1 and 2.5 mllimeters inclusive, and in other
cases between 1 and 2 mllineters inclusive. However, for other sanple
fluid to be tested (e.g., substantially optically clear fluids), the

desi gned di stance between the w ndows may be increased. [0053] Still
referrlng to Flgure 8 under BernouII| 'S principle as the Cross- sectlonal



WO 2012/ 005725PCT/ US2010/ 041273 11 same as the flowrate within the fluid
conduit 800. Stated otherwise, in sone cases it may be beneficial to design
t he transwoizore/aoeygson 804 and wi ndows 806 to ensure proper/Usa@ooni2ds st ance
bet ween the w ndows 806, yet at the same tinme not causing significantly
increased fluid velocity with respect to the balance of the fluid conduit
800. [0054] In yet still other embodi mhts, the sanple cell 504 takes a

di screte, non-flow n | e. . Flagur.e 9 sho a cross-sectiapal vijiew of. a
sanpl & EHPSRB FEPF L Hngipie IPdyis medy Ay B8 sSmpls TRt APRS yoly priraieh o o
condui tsgmpladeN aHiy@e 8 shBwPalckds§-écibnal ik BHa Pakiple céll 804 RpedctOdanc@fwiti fMeast
sanple fluid may flow in fluid conduit 900, through valve 902, through
chanberomegmbopimsntin raparecdgs thentme selyR04 lnthese @mbedlm@@&omemg%@m: h
peri od 1 d he. b ss .condui . bl ocked b alve~912. Th
PFow ot R B bt HERRE SRR s ORI e K el S n 1

punp 33800 plydier £v43hch WoeNing thamak a d millimeke inte@atiedamvidt. vERe Sidplamndildwar e
cl osed, thus trapping a discrete sanple in_the chanmber 904. In sone

embodi mawisthe flgid cpayie 8Gh shefgvigp sdmile i iHustratedi By VsS4t i nue to flow

t hrou a | j - t A he: di i -

i £ b QAP AR R et bpbEaERRLor 04 B FERSHS S Ag IR e
sour ce sasplerfhiid/ tb06w (betvgun ewb Joptieall yhdigded edidedstddooUghat tdast sohei antsdiménes by

way of w ndows 4. Once .a suffjcient anmount of electro neti c ener 506
MCARIRUER LAY A MR LA A R A R MICR  dl
902 andqH08cHRY uRAA h OPRHicuRA KRR AL YEndNE SOOTR. il bhaBE Richiky d

through the chanber in preparation for isolating the next discrete flui
sanpl e nafu@0 56 noReisiblaiingthbrdredstsgctianaFiveaw ef Figaie p&ndis nidjugsrateda eheverplineatert h

of the electro netic ergy 502 and the co i fuent ca nents. of t

i o SERETBREIT R acteh oo e M RIS o Su oy (FIRRE o durh g afreh dffer gy
nmay  be oph&dly @dndaywindewt BO6. dirs@i @sesaRd séuiesask&Bb1§| DO FRIRI) I Che IRy
506 t hat gropagat es through the fluid sanple contains intformation as to one

or nor el obrs e thearselved apsinaln akigned, lut in pther Gasgsdherplestsrmagpatiaensezy 307 mpebe
reduced. r{he I e h |l ectr i . y)

Thus, - PHESFRE G ShmpE M Py BB S Rar TS B1orE SRR e
conponefteomidirtie! @etdyPiRgitdrads aniel ghye IfRidisanpR s tetetregdde RO betdeaDrtiance
with the various enbodi nents, the detection of the el ectromagnetic energy
is by waydyfs 8905mdredlug samarls flowet ecti on system and in order to use the
phot o- ti i 3 i j ted
e R silasae
nor e behroplk fluidtcalecertddremd tie tistaate baasdn the vendovrofitnisshewi he D2od Higtre Gn
assenbly 508 is placed within the optical path of the el ectromagnetic

ener gyfFoarraﬂam BBl 48R LRt ﬁ%%%?agmgewaw&% BeRvyy thﬁwgﬁ?l&frpﬁadb%e
el ect r @pRGHRNEC(; SNV - 0ilfNink QliddiRe THHVERLEP theBR HRABRY K06 IayOberlb QU @nd 2.5
shown in the optical path between the sanple cell 504 and 't he detector
assenbinyllimdters mythslvat angnn adwe pdseyb@@eembhgndoz mpllizneesds mclusivg. Howavdrofer pthet he

2012/ 00885 Rty €A GRSy s BT Eiina SHd ool oot s Lot or

assenblpe VetwRemMmad bt aeuskdy | ens and the acoustic chamber (discussed nore
bel ow)) .

[0053] Still referring to Figure 8, under Bernoulli’s principle, as the cross-sectional area of a

-

fluid flow decreases, there is a corresponding increase in velocity of the fluid flow and decrease in
pressure. While in some cases an increase in velocity of the fluid flow between the fluid conduit
800 on the one hand and the fluid flow velocity between the windows 806 on the other hand is not
an issue, in other cases the change in velocity may result in undesirable actions (e.g., flashing of
liquids to the gas state caused by the effective decrease in pressure). Thus, in accordance with at
least some embodiments, the structure that defines the transition region 804, while narrowing in the
plane defined by the page upon which Figure 8 is shown, may widen in directions into and out of

the page such that the flow rate of the fluid sample between the windows 806 is substantially the



[ 0056] Figure 10 shows a perspective view of a nodul ati on assenbly 508 in
accordance with at | east sone enbodi nents. In particular, Figure 10 shows a
nodul at i onoaspaeb12y 508 in the formof an iris-type shuPCesi@00412The | eft
shutter 1002 is shown in a closed state, while the right shutter 1004 is
shown in a partially open state. In accordance with at | east sone

enbodi nents, the shutter 1000 is pIace& within the optical path of the

| ect t W h ded t |
s by CUMvARGNS PG Revidbiiale AR ShinBe Wit SERETS I CRe G S F anboREr s
ener gy befeficil iy d&digr iR dryitibh e S BO£ hnd QAW thasb widRE gdPEP disﬁmce

commanded to open, el ectronagneti c energy passes through opene iris,

i |1 ust batwedn Bye windowy 1§06, yet @Dhei saaietind nef qanviegrsignificantly nasasedfluid YH]QCHY
frequeng h and closed (i.e., the frequency at
whi ch fhgng% W?ron&ﬁ%%??cyé%grgycwggggggked and then all owed to propagate)

i's a des0gn daniyeestilbothasetbodimérhs tRcQugid cell BHoRRAa disaetdemsiylowing hemple
chanber used in the detector assenbly 512 (discussed nore bel ow). o)
cases tHBI§ P sbRment gropssseeoml pemt of %%ampécseeﬂ AMdor Wstalao@?qr?teatraplew&la %ﬂh

bet t
ot 1 he uPRielAE OaulieaR ATl AR SFE a0 s dkd Yarh e ORI &1 ©
Al buquetayugw tNe‘ﬂtuMeoqndou 9P0OEDugkivglye ©0L 1 thsh@hschambadi4athronglaes esrBl§ and
accor dance e t ve enbodi nent s rticular ure. 11 sho a
nodul att YBWIQ@EH Hﬂ%é“ FEHPET Ofaﬂ%lﬂ}&)fgbycl’&?sl CO&Q%&L‘?WXPB@OGQ‘F%% in
Cross- %ﬁ&%@@@)Tﬁ@ﬂBh&Qs&&pﬁfﬂh@ﬁﬁ&ﬁﬂcﬂﬁﬁﬁ@&zé}@gumﬁ@ﬁwhﬁ&hny@h&ﬁh§6¥ﬂunm

assenbly 1100 and bl ocki ng nember “1102 are shown in a retracted stat
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Contro ng tenperature and/ or pressure Mithin t chanber
i |1 ust (diownen afossdagctivpL bauplesintotaoblodntg olentbermpHi2at Tireeleinabicercograssgmibde 1W0Q hi n

the c han:?gfoc lnzlg megn%eg 1102 are shown i 1nbaar|efaf£1]<§:tgd gtgt?: v(&:/ﬂl?e e ngl]it \QozlceV\éoTilhasEe%gglgf ??80
and blocking member 1102 are shown in an extended state. The voice coil assembly comprises a
magnet assembly 1104 having an annular groove 1006. Within the annular groove 1006 resides a
bobbin 1108 around which several turns of electrical conductor are wound (i.e., windings 1110).
Leads 1112 are electrically coupled to the windings, and electrical currents are induced in the
windings 1110. Electrical current flow in the windings 1110 creates a magnetic field that interacts
with the magnetic field of the magnet assembly 1104. Depending on the direction of current flow
forced through the windings, the bobbin 1108, and therefore the blocking assembly 1102, may
extend or retract. The voice coil assembly 1100 is placed within the optical path of the
electromagnetic energy. When the voice coil assembly 1100 is commanded to retract (such as by
command from the computer system 514 (Figure 5)), the electromagnetic energy propagates
unimpeded, as shown by arrow 1114. When the voice coil 1100 is commanded to extend,
electromagnetic energy is blocked by the blocking member 1102, as shown by arrow 1116. The

frequency at which the electromagnetic energy is blocked and then allowed to propagate is a design
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senses the WD 2012/ 005725PCT/ US2010/ 041273
512 are distinct elements. PAD devices are used as detectors in the various embodiments because
the operation of such devices are substantially unaffected by expected downhole temperatures,
which may reach or exceed 450 Degrees F. At the expected downhole temperatures, other
detection devices, particularly semiconductor based devices, have severely degraded performance,
if such devices are operable at all. Moreover, and as will be explained more below, the fluid within
the PAD device can be tailored to match the constituent components of interest in the sample fluid,
thus making the detection highly sensitive to constituent components of interest.

[0061] Figure 12 shows a detector assembly 512 in accordance with at least some embodiments.

In particular, the illustrative detector assembly of Figure 12 comprises a focusing lens 1200, an
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[0065] In accordance with the various embodiments, the amplitude of the acoustic energy in the
resonant chamber is sensed as an indication of the presence and/or quantity of one more constituent
components in the sample cell 504 (Figure 5). Sensing the amplitude of the acoustic energy is
illustratively shown by sensor 1204. Sensor 1204 could take many forms. In some cases, sensor
1204 is a microphone coupled to the outer surface of the resonant chamber 1202. In other cases,
sensor 1204 is a pressure sensor coupled to the resonant chamber 1202 and in fluid communication

with the internal volume such that pressure fluctuations associated with the acoustic energy may be

sensed. In yet still other embodiments, the sensor 1204 is an accelerometer which senses the



one could "see" the pressure within the internal volune 1500 at point 1502,
for a standing wave within the internal volune 1500 no pressure changes
woul d be ween12s1ei nt 1502 (i.e., a node) (pressure waPeI/Uscapagare past
poi nt 1502, but the superposition of the oppositely traveling waves results
in a node) Likew se, if one could "see" the pressure within the internal

vol ume 1500 at poi nt 1504 for a standlhg wave within the internal vol une
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when the fluid sanple in the sanple cell 504 contains | ow anpbunts of
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t he detector assenbly 512 will thus conprise greater intensity of such
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acoustic resonance produced will have lower anplitude than the case of no
met hanevithm thnehdmbfird sanpl e. Wavel engt hs of the el ectronagnetic energy that
are not substantially absorbed by the detector fluid thus do not contribute
to the creation or anplitude of acoustic energy in the resonant chanber.
Thus, the detector assenbly 512 can not only distinguish the presence of a
particul ar constituent conponent in the fluid sanple (based on a reduction
|n the anplltude of acoustlc energy |n the resonant chanber) but the
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WO 2012/ 005725PCT/ US2010/ 041273 21 the detector assenbly 512 encounters a
beam splitter 1600. The portion of the el ectronagnetic energy that passes

t hrough twe 2bezes=pl i tter 1600 i npi nges upon resonant ciraFise01020243 t hr ough
| ens 1200A. The portion of the el ectromagnetic energy that is reflected by
the beamsplitter 1600 is directed to a second beamsplitter 1602. The
portion of the el ectromagnetic energy hat passes through the beamsplitter
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r esonant chanber 1640. Thus, the first resonant chanber 1202A may be
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the il FeSPPAlBErCGR: ed¢ing Paiamplitids bdBedcqublic RPEeh &1t bhuge baan sgitahlhgl e
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enbodi nment s e detector within a particu resonant c
a m xt wiéh tbé¢ rdspest ds resbimnt ekantpir d 202 (Figaed 2gtvedivers nt s pmﬂeuler embocbmesteama of

net hane, . et han rel ted co ds in the flujd sa i nt erest,
t he deta% FrathdP?fd énﬁ%t?sﬁmw% %Eia@tdh‘étﬁfél ‘ﬁbnﬁ ﬁ Q?\HJFIF fife more
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but nethane, ethane, or the conbination may be a proxy
2012/ 06B72H Bd‘ﬁpmsg@o ]?DJ,C@]@I]ZG? gn3x 1406 at the foci may increase the sensitivity of the sensor to

acoustic energy within the elliptical internal volume, thus making the overall system more
sensitive.

[0070] Figure 14B shows a detector assembly 512 in accordance with yet still further alternative
embodiments. In particular, Figure 14B shows a cross-sectional elevation view of the resonant
chamber 1424 that defines a parabolic cross-section (portion 1426) with a flat surface 1428 sealing
the portion 1426. Much like the cylindrical resonant chamber 1202 of Figure 12, at least a portion
of the resonant chamber 1424 is substantially transparent to electromagnetic energy at the
wavelengths of interest, and in some embodiments at least the sealing portion 1428 is substantially
transparent. In accordance with at least some embodiments, the resonant chamber 1424 is

constructed of quartz. The internal volume of the resonant chamber 1424 has an acoustic resonant



for other higher order hydrocarbons in the fluid sanple. As another
exanpl e, in cases where constituent conponents of carbon di oxi de and water
are of i nvenestoosTesthe fluid sanple, a resonant chanber PeRUSC@OOAI2N3 Wat er
vapor and carbon di oxi de. [0083] The detector assenbly 512 in accordance
with the various enbodinents is thus "tuned" to one or nore constituent
conponents based on the selection of tht detector fluid. It is the
absorpt.ion by t detector fluid, with_.the detecto fl ui an
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cross-sectional elevation view of a resonant chanber 1702 in accordance
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the diameter of the taper portion 1708 is 50 to 150 nanoneters (0.050 to
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creates a highly concentrated optical field at the taper portion 1708.

Mor eover, given the relationship between the wavel ength of the

el ectromagnetic energy and the dianeter of the optical fiber at the taper
portion 1708, the el ectromagnetic energy tends to propagate outside the
optical fiber, yet |s still dlrected by the optlcal flber Such pr opagati on



[0087] In sone enbodi nents, the optical fiber 1704 may term nate at the
taper portion 1708, but as shown the optical fiber continues past the taper
porti on IWO&o(2a®3BRown by portion 1710). When the opti caCTfisk@ow/os2rim nat es
at the taper portion 1708 the el ectromagnetic energy can be though of as
making a single "pass” through the fluid in the chamber 1702. However, in
ot her enbodi nents using optical fiber é% optically resonant structure nmay

be created i.n m nor 171 st.a t.he ti.cal fi along
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optical fiber Ioo t[20089 Figure 18 shows a net hod in accordancé with at
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fluid se0m8] e R3$8HeAD HidlBe COUSbICsyRRAT b W debdrladR8yift the tvafiGRANMYdi kbR Er
(bl ock 1814). Thereafter the method ends (block 1816). [0090] Figure 19
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energy into the fluid sanple (block 1904); directing the el ectromagnetic

ener gy Tliad, ignt geqtiomagneligngsIcenyi #SOPAOR iSPE, 10edie PaAMAR ZABILUCNE HRMPQTEts.
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el ect r abmgpéin spe@nei gyg. byigaredg tie bodrlaph wlrﬂ thé bid ot rhdne chngtisdent e@sopuaBhts. In
chanber, the absorgtron creates acoustic energy in the first resonant

chamberomp eBERdimgpE Yhe dateriordiuad andihe sepshifuepiomponenpgy the same.
2012/ 0?&77%? P@Jn%ﬁ%f,’ %19 19 é}g'eggﬁe,?tﬁat the sensor system 316 is used to detect the presence and/or

quantity of methane in the fluid sample in the sample cell 504. Further consider that the detector
fluid in the resonant chamber of the detector assembly comprises methane. During periods of time
when the fluid sample in the sample cell 504 contains low amounts of methane, the infrared

wavelengths of the electromagnetic energy 506 that passes through the sample cell 504 will



acoustic energy within the first resonant chanber, the anplitude of the
acoustic energy proportional to concentration of a first constituent
conmponentwpreotmwsf2lui d sanpl e (bl ock 1910). Thereafter, PChaSrEvlort7&nds
(block 1912). [0091] The above discussion is neant to be illustrative of
the principles and various enbodi nents_of the present invention. Numerous
variations and nodifications will becof® apparent to those skilled in the
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through the sample cell 504 will comprises lesser intensity of wavelengths that are absorbed by
methane, because more of those wavelengths are absorbed by the methane in the fluid sample. The
electromagnetic energy 506, 510 impinging upon the resonant chamber of the detector assembly
512 will thus comprise a lesser intensity of such wavelengths. The methane in the resonant
chamber will still absorb electromagnetic energy, but because less of such energy in the
wavelengths that is absorbed by methane will be present, the acoustic resonance produced will
have lower amplitude than the case of no methane in the fluid sample. Wavelengths of the
electromagnetic energy that are not substantially absorbed by the detector fluid thus do not
contribute to the creation or amplitude of acoustic energy in the resonant chamber. Thus, the
detector assembly 512 can not only distinguish the presence of a particular constituent component
in the fluid sample (based on a reduction in the amplitude of acoustic energy in the resonant
chamber), but the detector assembly 512 can also quantify the amount of constituent component
(based on the magnitude of the reduction in the amplitude of the acoustic energy).
[0078] Detecting a constituent component being methane by use of methane in the resonant
chamber is merely illustrative. Any of a variety of constituent components may be of interest, and
likewise any of a variety of detector fluids may be used. For example, a non-limited list of
constituent components for which the presence and/or quantity may be tested comprise any
constituent of a hydrocarbons within a reservoir, such as: water, carbon dioxide, methane, ethane,
propane, butane, pentane, octane, and hydrogen sulfide. Moreover, the constituent components for
which tests are run may provide, directly or indirectly, other quality or economic viability
information, such as the relative presence of saturates, aromatics, resins, and asphaltenes in the
fluid sample.
[0079] In some cases, where multiple constituent components of the fluid sample are of interest,
multiple resonant chambers may be used. Figure 16 shows a detector assembly 512 comprising a
plurality of resonant chambers. In particular, the detector assembly 512 of Figure 16 has three
resonant chambers 1202 in parallel (and a fourth resonant chamber 1640 discussed more below).

Each resonant chamber likewise has its own lens 1200. The electromagnetic energy 510 that enters



nodul ating the el ectromagnetic energy at a nodul ation frequency; directing
the el ectronmagnetic energy that passes through the fluid sanple to a first
resonant wbantos7zshe first resonant chanber has an aco®eTiuS2010801230t
frequency substantially equal to the nodul ati on frequency; absorbing at

| east a portion of the el ectromagnetic _energy by a detector fluid within
the first resonant chanber; detecting atoustic energy within the first
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rel ati ¥Rarthle! RERANMH PPN could contain carbon dioxide, resonant chamber 1202B could
contain methane, and resonant chamber 1202C could contain sulfur dioxide. Thus, resonant
chamber 1202A is particularly sensitive to carbon dioxide, resonant chamber 1202B is particularly
sensitive to methane, and resonant chamber 1202C is particularly sensitive to sulfur dioxide.
However, it is noted that the illustrative sulfur dioxide may be a “proxy” fluid for other
compounds, such as hydrogen sulfide. That is, the detector fluid need not be the same as the
constituent component in some embodiments; rather, the detector fluid can merely have an
absorption spectrum that overlaps with the absorption spectrum of the constituent component.
[0081] Still referring to Figure 16, embodiments with multiple detector assemblies are not
limited to resonant chambers in parallel. In particular, in some embodiments the resonant
chambers may be placed in series such that electromagnetic energy that passes through one
chamber may then be incident on another resonant chamber. In Figure 16, electromagnetic energy
that passes through resonant chamber 1202A may then by directed to a second resonant chamber
1640. Thus, the first resonant chamber 1202A may be configured for detection with respect to a
first constituent component (or first grouping of constituent components), and the second resonant
chamber 1640 may be configured for a detection with respect to a second constituent component
(or second grouping of constituent components).
[0082] So as not to unduly complicate gaining an understanding of the various embodiments, the
illustrative detector fluids discussed to this point have been a single component (e.g., methane,
carbon dioxide). However, in accordance other embodiments, the detector fluid within a particular
resonant chamber may be a mixture of fluids. For example, in some embodiments where the
presence of methane, ethane and related compounds in the fluid sample are of interest, the detector
fluid may contain methane and ethane. Not only will the methane and ethane be responsive to

methane and ethane in the fluid sample, but methane, ethane, or the combination may be a proxy
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nodul ating further conprises cyclically bl ocking propagation of the

el ect r omrewyoevi2oemér gy and all owi ng t he propagati on of trh@/ush@ovsrenngnetic
energy, the blocking and all ow ng repeat at the nodul ati on frequency. 7.
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el ectrohagneti c energy that passes throu e I nt 1rst
beam alpcbvadesemomdsekiemltﬂnyl t Bencontrast, some related-art deV1ces use solid black-body

absorbers within the acoustic resonant chamber (e.g., carbon black), with the internal solid absorber
sometimes referred to as a diaphragm. The energy absorbed by the diaphragm is converted to heat,
which then creates localized temperature increases and corresponding pressure increases. In such
systems the black-body absorbers within the chamber absorb substantially all incident
electromagnetic energy, regardless of wavelength. The fluid within the chamber contributes little,
if any, absorption. Moreover, in absorbing substantially all incident electromagnetic energy, the
sensitivity to changes in intensity of electromagnetic energy in particular wavelength is masked by
the broadband absorption. Thus, detector assemblies 512 in accordance with the various
embodiments not only rely on direct absorption of the electromagnetic energy by the detector fluid,
but also detector assemblies do not use solid black-body electromagnetic energy absorption devices
within the resonant chambers. Substantially all the electromagnetic radiation is absorbed by the
detector fluid.

[0084] The various embodiments discussed to this point have assumed that the electromagnetic
energy propagates from place to place unconstrained (i.e., in air), with directivity based mirrors and
line of sight. However, in accordance with yet still other embodiments the electromagnetic energy
may propagate {rom place to place within optical fibers. Returning again to Figure 5, in
accordance with at least some embodiments the various stages of the electromagnetic energy 502,
506, 510 may be directed through respective optical fibers. For example, an optical fiber 550 (or
bundle of optical fibers) may transfer the electromagnetic energy from the source assembly 500 to
the sample cell 504. Likewise, an optical fiber 552 (or bundle of optical fibers) may transfer the
electromagnetic energy from the sample cell 504 to the modulation assembly 508. Further, an
optical fiber 554 (or bundle of optical fibers) may transfer the electromagnetic energy from the
modulation assembly 508 to the detector assembly 512.

[0085] In accordance with yet still further embodiments, optical fiber may be the mechanism by

which the electromagnetic energy is conveyed into the resonant chamber of the detector assembly



directing the first beam of el ectromagnetic energy to the first resonant
chanber; directing the second beam of el ectromagnetic energy to a second
resonant wbantos72she second resonant chanmber has an ac®a3fliscowasenant

frequency; absorbing at |east a portion of the second beam of

el ectromagnetic energy by a fluid within the second resonant chanber;

detecting acoustic energy within the sétond resonant chanber; and
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el ectromagnetic energy that passes through the first resonant chanber to a
second view of a resonant chamber 1702 in accordance with at least some embodiments. In the particular

embodiment, the electromagnetic energy that passes through the sample cell 504 (Figure 5) is
conveyed to the resonant chamber 1702 by optical fiber 1704 (the size of which is greatly
exaggerated for purposes of discussion). The optical fiber passes into the internal volume 1706 of
the chamber 1702. In accordance with these embodiments, the optical fiber 1704 within the
internal volume 1706 has a subwavelength-diameter taper portion 1708 from which the cladding
has been removed. That is, the exterior protective coating has been removed in portion 1708, and
the diameter of optical fiber made smaller (such as by pulling the fiber while heating the portion to
be tapered). The diameter of the taper portion 1708 is less than the wavelength of electromagnetic
energy of interest, and in some embodiments the diameter of the taper portion 1708 is 50 to 150
nanometers (0.050 to 0.15 microns). Electromagnetic energy flowing through taper portion 1708
creates a highly concentrated optical field at the taper portion 1708. Moreover, given the
relationship between the wavelength of the electromagnetic energy and the diameter of the optical
fiber at the taper portion 1708, the electromagnetic energy tends to propagate outside the optical
fiber, yet is still directed by the optical fiber. Such propagation mode may be referred to as an
evanescent field.

[0086] In accordance with the embodiments of Figure 17, the electromagnetic energy interacts
with the fluid inside the chamber 1702 at the taper portion 1708. That is, fluid inside the chamber
1702 absorbs particular wavelengths (as discussed above) which creates localized areas of
increased pressure that in turn create standing waves based on the modulation frequency of the
electromagnetic energy. As illustrated, the taper portion 1708 may reside at a node of the chamber
1702. Though not specifically shown, when the optical fiber is used with chambers having a focal
point (e.g., sealed parabolic chamber) or foci (e.g., elliptical chamber), the taper portion 1708 may
reside at the focal point or foci.

[0087] In some embodiments, the optical fiber 1704 may terminate at the taper portion 1708, but
as shown the optical fiber continues past the taper portion 1708 (as shown by portion 1710). When
the optical fiber terminates at the taper portion 1708, the electromagnetic energy can be though of
as making a single “pass” through the fluid in the chamber 1702. However, in other embodiments
using optical fiber an optically resonant structure may be created using a mirror 1712 on the distal
end of the optical fiber, along with a mirror 1714 that allows electromagnetic energy to pass from

the sample cell to the chamber 1702 substantially unimpeded (electromagnetic energy moving left



resonant chanber, the second resonant chanber has an acoustic resonant
frequency; absorbing at |east a portion of the second beam of

el ect r omrewyoevi2oem2érgy by a fluid within the second res@caniS2cloant2es ;
detecting acoustic energy within the second resonant chanber; and

determ ning a second constituent conponent of the fluid sanple based on the
acoustic energy within the second resoffant chamber. 13. The method of
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where a portion of the loop has the taper portion 1708. Electromagnetic energy may be coupled to
the loop from an optical fiber carrying the electromagnetic energy that passes through the sample
cell (e.g., the coupling by an evanescent coupler). Thus, once electromagnetic energy is coupled to
the loop, the energy propagates around the loop until the energy is absorbed by the fluid or
dissipates in the losses of the optical fiber loop.

[0089] Figure 18 shows a method in accordance with at least some embodiments. In particular,
the method starts (block 1800) and proceeds to: creating electromagnetic energy with a wavelength
in the infrared region (block 1802); directing the electromagnetic energy into a fluid sample (block
1804); modulating the electromagnetic energy at a modulation frequency (block 1806); directing
the electromagnetic energy that passes through the fluid sample to a first resonant chamber, the first
resonant chamber has an acoustic resonant frequency substantially equal to the modulation
frequency (block 1808); absorbing at least a portion of the electromagnetic energy by a detector
fluid within the first resonant chamber (block 1810); detecting acoustic energy within the first
resonant chamber (block 1812); and determining a first constituent component of the fluid sample
based on the acoustic energy within the first resonant chamber (block 1814). Thereafter, the
method ends (block 1816).

[0090] Figure 19 shows a method in accordance with at least some embodiments. In particular,
the method starts (block 1900) and proceed to: drawing a fluid sample from an earth formation into
a tool that resides within a borehole that penetrates the earth formation (block 1902); propagating
electromagnetic energy into the fluid sample (block 1904); directing the electromagnetic energy
that exits fluid sample into a first resonant chamber, the first resonant chamber has an acoustic
resonant frequency within the first resonant chamber (block 1906); absorbing at least a portion of
the electromagnetic energy by a detector fluid within the first resonant chamber, the absorption

creates acoustic energy in the first resonant chamber (block 1908); and detecting amplitude of



a detector fluid within the internal volune, the detector fluid has an

el ectromagneti c absorption spectrumthat overlaps an absorption spectrum of
t he constwouerstoosaponent; and a sensor coupl ed to the PCr4aiS20105er2aht
chanber, the sensor sensitive to acoustic energy in the first resonant
chanber; wherein the system determ nes _the presence of the constituent
conponent in the fluid sanple based onZacoustic energy in the first
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alignment, in other embodiments the electromagnetic energy may be optically controlled and
directed through any suitable mechanism, such as optical pipes. It is intended that the following

claims be interpreted to embrace all such variations and modifications.



an el ectromagnetic energy source device that creates el ectronagnetic energy
wi th wavel engths both within the infrared region, and outside the infrared
regi on; awobi2bt2005728 operational relationship to the el eeCrarsaguati2e3 ener gy
source, the filter passes at | east one wavel ength between 1.5 mcroneters
(mcrons) and 25 mcrons inclusive, and bl ocks ot her wavel engths. 19. The
system of claim 14 further conprising & modul ati on assenbl y within the
optical path of the el ectronagneti Céﬁﬂ%ﬁ@? bet ween the source assenbly and
t he detector assenbly, wherein the ion assenbly nodul ates the

el ect romagnevhg i€Nan@y i@t a frequency substantially equal to the acoustic
resonant frequency. 20. The system of claim 14 wherein the sanple cell
furt her. conpyingied goppitingn of a fluid conduit, and wherein the
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substantially equal to the modulation frequencys;
absorbing at least a portion of the electromagnetic energy by a detector fluid within the first
resonant chamber;
detecting acoustic energy within the first resonant chamber; and
determining a first constituent component of the fluid sample based on the acoustic energy

within the first resonant chamber.

2. The method of claim 1 wherein directing the electromagnetic energy through the fluid
sample further comprises directing electromagnetic energy having wavelength between and

including 1.5 micrometers (microns) and 25 microns.

3. The method of claim 1 wherein created electromagnetic energy further comprises:
creating electromagnetic energy in both the visible region and infrared region; and then
filtering the electromagnetic energy such that only electromagnetic energy in the infrared

region remains.

4. The method of claim 1 wherein directing the electromagnetic energy into the fluid sample
further comprises directing the electromagnetic energy into the fluid sample flowing through a

sample region.

5. The method of claim 1 wherein directing the electromagnetic energy into a fluid sample
further comprises directing the electromagnetic energy into a sample chamber holding a discrete

volume that is stationary relative to the sample chamber.



23. The systemof claim 14 wherein the first resonant chanber is at |east
one selected fromthe group consisting of: cylindrical; elliptical; and

par abol i cwO 2812/003128é system of claim 14 further conprisi RgTMiseoeiom2the fir st
resonant chamber is cylindrical, and wherein the el ectromagnetic energy is
focused on the center of the internal yolune. 25. The system of claim 14
further conprising wherein the i nt ernaf’ vol ume of the first resonant
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a pl ur &h¢rey. the blegring prd dipvpngeped at the madulption Esgwaay. chanber. 28. The
system of claim 14 wherein the first resonant chanber further conprises an
optical fiber have an exposed subwavel ength taper portion, wherein at |east
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electronagnet c ener ect romagneti c
energytmmm$tmxmmﬁmﬁbumpm&anple |nto a first resonant chanber the first
resonant chanber has an acoustic resonant frequency within the first
resonant chanber;

8. The method of claim 7 wherein absorbing further comprises absorbing by the detector fluid

being, at least in part, the same as the first constituent component.

9. The method of claim 1 wherein detecting acoustic energy further comprises detecting by a

sensor located at a node of standing waves within the first resonant chamber.

10. The method of claim 1 wherein detecting acoustic energy further comprises differentially
detecting by at least two sensors, each sensor located at an anti-node of standing waves within the

first resonant chamber.

11. The method of claim 1 further comprising:

prior to the directing, splitting the electromagnetic energy that passes through the fluid
sample into a first beam and a second beam; and then

directing the first beam of electromagnetic energy to the first resonant chamber;

directing the second beam of electromagnetic energy to a second resonant chamber, the
second resonant chamber has an acoustic resonant frequencys;

absorbing at least a portion of the second beam of electromagnetic energy by a fluid within
the second resonant chamber;

detecting acoustic energy within the second resonant chamber; and

determining a second constituent component of the fluid sample based on the acoustic

energy within the second resonant chamber.

12. The method of claim 1 further comprising:



absorbing at |least a portion of the el ectronmagnetic energy by a detector
flurd within the first resonant chanber, the absorption creates acoustic
ener gy i rwohei1ddaos=s resonant chanber; and WD 2012/ 0057 P6PTBLAISAOMRO3 041273
31 detecting anplitude of acoustic energy within the first resonant

chanber, the anplitude of the acoustic_energy proportional to concentration
of a first constituent conponent in théfluid sanple. 30. The nethod of

claim?29 wherein propagating further co i se r ating th

ol oot  ommgnairmenie R satie % pERET BieR PRI R MRL DR LocePiths
within the tool. res3ddant ThantiRthOskcOhd Fls@ilamt AANMICHA! A A6 APIB d&bha fikidnaer
conpri ses propagating el ectromagneti c energy having a wavel ength between

1.5 m cr onetbyosbipgriatleath 8 )pogivg o Shagegpishbeanhef aledtipgagng@® entigy bye fhgd vathin

claim 29 mhereintthk &&ngPgﬁﬁmg&Bg}ronagnetic energy further conprises

directing the el ectronmagnetic energy into the first resonant chanber with

t he det ect oiefebtitighhcbasticr@er@n walh@cthe Qrmad @dsbfand bismiitdj md spectrum t hat
overlaps with the an el ectromagnetic absorption spectrumof the first
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the el ectronmagnetic™energy 1nto t rst resonant chanber containing the
detector fluid conprising the first constituent conponent. 34. The nethod

of claim 29 further copprising deternmining a concentration of the firs
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14. A system for determining the presence of a constituent component in a sample fluid, the
system comprising:

a source assembly, the source assembly produces electromagnetic energy with wavelengths
in the infrared region;

a sample cell that holds a sample fluid, the sample cell has a first window that is
substantially transparent to the electromagnetic energy, and the sample cell and
source assembly arranged such that the electromagnetic energy propagates from the
source assembly through the first window;

a detector assembly, distinct from the sample cell, the detector assembly in operational
relationship to the electromagnetic energy that passes through the sample cell, the
detector assembly comprising:

a first resonant chamber that defines an internal volume, the internal volume
has an acoustic resonant frequency and at least a portion of the first
resonant chamber is substantially transparent to the electromagnetic
energy;

a detector fluid within the internal volume, the detector fluid has an
electromagnetic absorption spectrum that overlaps an absorption
spectrum of the constituent component; and

a sensor coupled to the first resonant chamber, the sensor sensitive to
acoustic energy in the first resonant chamber;

wherein the system determines the presence of the constituent component in the fluid

sample based on acoustic energy in the first resonant chamber.



35. The nethod of claim?29 further conprising: wherein prior to directing
the nmethod further conprises splitting the el ectronagnetic energy into a
first beawoantk/®erend beam wherein directing further cecpriss@s/odirect ed
the first beam of el ectromagnetic energy into the first resonant chanber;
directing the second beam of el ectromagnetic energy into a second resonant
chanber, the second resonant chanber hd% an acoustic resonant frequency;
and detecting anplitude of acoustic energy within the second resonant
chanber, the anplitude of the acoustic energy in the second resonant
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constituyent conponent in the fluid sanple based on the acoustic energy in

the fi st resonant chanber; and
16. The system of claim 15 wherein the pressure vessel is at least one selected from the group
consisting of: has threads which couple to a drill string; and coupled to a cable such that the

pressure vessel can be suspended within a borehole by the cable.

17. The system of claim 14 wherein source assembly creates electromagnetic energy with

wavelengths between 1.5 micrometers (microns) and 25 microns inclusive.

18. The system of claim 14 wherein the source further comprises:
an electromagnetic energy source device that creates electromagnetic energy with
wavelengths both within the infrared region, and outside the infrared region;
a filter in operational relationship to the electromagnetic energy source, the filter passes at
least one wavelength between 1.5 micrometers (microns) and 25 microns inclusive,

and blocks other wavelengths.

19. The system of claim 14 further comprising a modulation assembly within the optical path
of the electromagnetic energy between the source assembly and the detector assembly, wherein the
modulation assembly modulates the electromagnetic energy at a frequency substantially equal to

the acoustic resonant frequency.

20. The system of claim 14 wherein the sample cell further comprises a portion of a fluid
conduit, and wherein the electromagnetic energy is directed through the first window as the fluid

sample flows through the fluid conduit.

21. The system of claim 20 wherein the sample cell is designed and constructed such that the
flow rate of the fluid sample is substantially the same the flow rate of the fluid sample in a flow

line that feeds the sample cell.



determ ning a concentration of the second constituent conponent in the
fluid sanpl e based on the acoustic energy in the second resonant chanber.
37. The mwOhot/wF726] ai m 29 further conprising: directingCeltsecaoneghetic
energy that passes through the first resonant chanber into a second
resonant chanber, the second resonant chanber has an acoustic resonant
frequency; and detectlng anpl i tude of é%oustlc energy within the second
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windows 1s between 1 and 2 millimeters inclusive.

23. The system of claim 14 wherein the first resonant chamber is at least one selected from the

group consisting of: cylindrical; elliptical; and parabolic.

24. The system of claim 14 further comprising wherein the first resonant chamber is

cylindrical, and wherein the electromagnetic energy is focused on the center of the internal volume.

25. The system of claim 14 further comprising wherein the internal volume of the first resonant
chamber is elliptical and has a first and second foci, and wherein the electromagnetic energy is

focused on the first foci.
26. The system of claim 14 further comprising where the sensor is placed at the second foci.

27. The system of claim 14 wherein the detector assembly further comprises a plurality of

sensors coupled to the first resonant chamber.

28. The system of claim 14 wherein the first resonant chamber further comprises an optical
fiber have an exposed subwavelength taper portion, wherein at least a portion of ht electromagnetic

energy directed into the first resonant chamber propagates within the optical fiber.

29. A method comprising:

drawing a fluid sample from an earth formation into a tool that resides within a borehole
that penetrates the earth formation; and then

propagating electromagnetic energy into the fluid sample;

directing the electromagnetic energy that exits fluid sample into a first resonant chamber,
the first resonant chamber has an acoustic resonant frequency within the first
resonant chamber;

absorbing at least a portion of the electromagnetic energy by a detector fluid within the first
resonant chamber, the absorption creates acoustic energy in the first resonant

chamber; and
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detecting amplitude of acoustic energy within the first resonant chamber, the amplitude of
the acoustic energy proportional to concentration of a first constituent component in

the fluid sample.

30. The method of claim 29 wherein propagating further comprises propagating the

electromagnetic energy into as the fluid sample as the fluid sample flows within the tool.

31. The method of claim 29 wherein propagating further comprises propagating
electromagnetic energy having a wavelength between 1.5 micrometers (microns) and 25 microns

inclusive.

32. The method of claim 29 wherein directing the electromagnetic energy further comprises
directing the electromagnetic energy into the first resonant chamber with the detector fluid having
an electromagnetic absorption spectrum that overlaps with the an electromagnetic absorption

spectrum of the first constituent component in the fluid sample.

33. The method of claim 29 wherein directing the electromagnetic energy further comprises
directing the electromagnetic energy into the first resonant chamber containing the detector fluid

comprising the first constituent component.

34, The method of claim 29 further comprising determining a concentration of the first

constituent component in the fluid sample based on the amplitude of the acoustic energy.

35. The method of claim 29 further comprising:

wherein prior to directing the method further comprises splitting the electromagnetic energy
into a first beam and second beam;

wherein directing further comprises directed the first beam of electromagnetic energy into
the first resonant chamber;

directing the second beam of electromagnetic energy into a second resonant chamber, the
second resonant chamber has an acoustic resonant frequency; and

detecting amplitude of acoustic energy within the second resonant chamber, the amplitude
of the acoustic energy in the second resonant chamber proportional to concentration

of a second constituent component in the fluid sample.
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36. The method of claim 35 further comprising:
determining a concentration of the first constituent component in the fluid sample based on
the acoustic energy in the first resonant chamber; and
determining a concentration of the second constituent component in the fluid sample based

on the acoustic energy in the second resonant chamber.

37. The method of claim 29 further comprising:
directing electromagnetic energy that passes through the first resonant chamber into a
second resonant chamber, the second resonant chamber has an acoustic resonant
frequency; and
detecting amplitude of acoustic energy within the second resonant chamber, the amplitude
of the acoustic energy in the second resonant chamber proportional to concentration

of a second constituent component in the fluid sample.



