U

A

il

il

i)

ATV

0 O
0 R A

01 GAMMA METRICS INC V. ALYSER SYSTEMS



10
11
12
13
14
15
16
17
18
19
20
21
22

23

Case 3:00-cv-00701-L -LAB Document 34 Filed 07/10/00 Page 2 of 40

Juanita R. Brooks (CA # 75934)
David §. Shuman (CA # 200406)

FISH & RICHARDSON P.C. Dijilg Pt oo c
4350 La Jolla Village Drive ) e
Suite 500

San Diego, CA 92122

Telephone: (619) 678-5070 _

Facsimile: (615%) 678-5099 kﬁ/?}

Attorneys for Plaintiff
GAMMA~-METRICS, INC.

UNITED STATES DISTRICT COURT
SOUTHERN DISTRICT QF CALIFORNIA \

GAMMA-METRICS, INC., a California| Case No. 00cv0701 L (LAB)
corporation,

Plaintiff, FIRST AMENDED COMPLAINT FOR
PATENT INFRINGEMENT
V.
BNALYSER SYSTEMS COMPANY, INC., DEMAND FOR JURY TRIAL

a California corporation,

Defendant.

Pursuant to Rule 15{a} of the Federal Rules of Civil
Procedure, Plaintiff GAMMA-METRICS, INC. ("Gamma-Metrics") submits
this First Amended Complaint for Patent Infringement and hereby
complains and alleges against Defendant ANALYSER SYSTEMS COMPANY,
INC. ("ASYS" or "Defendant") as follows:

1. Plaintiff Gamma-Metrics is a corporation crganized and
existing under the laws of the State of California, with its
principal place of business in San Diego, California.

2. On information and belief, Defendant ASYS is a
}mrporation organized and existing under the laws of the State of
California, with a principal place of business in Escondido,

California.

1

& {‘ Case No. 00cv(701 L (LAB).:
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JURISDICTION

3. This is a civil action for patent infringement arising
under the patent laws of the United States of America, and more
specifically, under Title 35, United States Code, Sections 271,
281, 283, 284 and 285. Jurisdiction in this Court is founded upon
28 U.S.C. §§ 1331 and 1338(a).

4, Venue 1is proper in this district under 28§ U.3.C. §

1391 (b) on the grounds that Defendant ASYS resides and has a
principal place of business in this district.

5. On information and belief, Defendant ASYS is engaged in
the business of manufacturing, offering for sale, and selling in
interstate commerce analyzers which infringe Gamma-Metrics'
intellectual property rights.

PATENT INFRINGEMENT
Count 1
(Patent No. 4,682,043)

6. Gamma-Metrics realleges and incorporates the allegations
of paragraphs 1-5 as if fully set forth herein.

7. Gamma-Metrics is the owner of the entire right, title
and interest in and to United States Patent No. 4,682,043 of J.
Howard Marshall (the "Marshall patent"), entitled "Obtaining
Uniformity of Response in Analytical Measurement in a Neutron-
Capture-Based On-Line Bulk-Substance Elemental-Analyzer
Apparatus", which issued July 21, 1987. The Marshall patent
covers a technolcogy known as prompt gamma-neutron activation
analysis ("PGNAA"}). A copy of the Marshall patent is attached as
Exhibit "A" to this Complaint.

8. The Marshall patent was the subject of & reexamination

in the U.S5, Patent and Trademark Office ("the Patent Qffice"),

Case No. 00cv0701 L (LAB)




10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

28

Case 3:00-cv-00701-L -LAB Document 34 Filed 07/10/00 Page 4 of 40

which reexamination was filed on January 28, 1999. On February
29, 2000, the Patent Office issued a Notice of Intent to Issue
Reexamination Certificate confirming patentability of all claims
of the original patent. A copy of relevant pages of this Notice
is attached as Exhibit "B" tc this Complaint. Issuance of a
Reexamination Certificate is imminent.

9, On June 27, 2000, the Patent Cffice issued the
Reexamination Certificate for the Marshall patent. This
Certificate is attached as Exhibit "C" tc¢ this Cemplaint.

10. Gamma-Metrics manufactures and sells a Cross Belt
Analyzer (CBA) system for bulk elemental analysis of cement raw
mix, which system uses the PGNAA technology that 1s covered by the
Marshall patent.

11. Defendant ASYS has manufactured, cffered for sale, sold
and delivered in the United States a CBA system for bulk elemental
analysis of cement raw mix under the trade name "FULL STREAM
ANALYZER FSA"™, which system infringes the claims of the Marshall
patent in violation of 35 U.S.C. Secticn 271.

12. Gamma-Metrics has been damaged and has suffered
irreparable injury due to acts of infringement by Defendant ASYS
and will continue to suffer irreparable injury unless Defendant's
activities are enjoined.

13. Gamma-Metrics has suffered and will continue to suffer
substantial damage to its business in the form of loss of profits
by reason of Defendant's acts of patent infringement as alleged
above and Gamma-Metrics is entitled to recover from Defendant the
damages sustained as a result of Defendant's acts. Gamma-Metrics

is at present unable to estimate the full extent of the mcnetary

Case No. 00cv(701 L (LAB)
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damages suffered by reason of Defendant's acts of patent
infringement but will provide such at trial.

14. Defendant has willfully infringed Patent No. 4,682,043
in disregard of Gamma-Metrics' rights.

PATENT INFRINGEMENT
Count 2
{Patent No. 5,732,115)

15. Gamma-Metrics realleges and incorporates the allegations
of paragraphs 1-14 as if fully set forth herein.

16, Gamma-Metrics is the owner of the entire right, title
and interest in and to United States Patent No. 5,732,115 of
Thomas L. Atwell, et al. (the "Atwell patent"), entitled
"Enhancement of Measurement Accuracy in Bulk Material Analyzer”,
which issued March 24, 1998. The Atwell patent discloses a CBA
with improved uniformity. A copy of the Atwell patent is attached
as Exhibit "D" to this Complaint.

17. Thomas L. Atwell ({"Atwell") was employed by Gamma-
Metrics from June, 1981, to April, 1995. During his employment by
Gamma-Metrics, Atwell participated in and made major contributions
to the design and development of the Gamma-Metrics CBA.

18. Gamma-Metrics is informed and believes and on that basis
alleges that Atwell, along with Victor Lanz, another former Gamma-
Metrics employee, and Anton Lucchin founded ASYS.

19. Gamma-Metrics is informed and believes and on that basis
alleges that Atwell made major contributions to the design and
development of the ASYS "FULL STREAM ANALYZER FSA™.

20. The ASYS "FULL STREAM ANALYZER FSA" infringes claims of

the Atwell patent in violation of 35 U.S.C. Section 271.

Case No. 00cv070l L {LAB)
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21. Gamma-Metrics has been damaged and has suffered
irreparable injury due to acts of infringement by Defendant ASYS
and will continue to suffer irreparable injury unless Defendant's
activities are enjoined.

22. Gamma-Metrics has suffered and will continue to suffer
substantial damage to its business in the form of loss of profits
by reason of Defendant's acts of patent infringement as alleged
above and Gamma-Metrics is entitled to recover from Defendant the
damages sustained as a result of Defendant's acts. Gamma-Metrics
1s at present unable to estimate the full extent of the monetary
damages suffered by reason of Defendant's acts of patent
infringement but will provide such at trial.

23. Defendant has willfully infringed Patent No. 5,732,115
in disregard of Gamma-Metrics' rights.

PRAYER FOR RELIEF

aj} That the Court find that Defendant ASYS has infringed
United States Patent No. 4,682,043;

b) That the Court find that Defendant ASYS has infringed
United States Patent No. 5,732,115;

c) That the Court preliminarily and permanently enjoin ASYS
and each of its officers, agents, servants, employees and
attorneys, and all persons acting in concert or participation with
them, from further infringement of United States Patent No.
4,682,043;

d) That the Court preliminarily and permanently enjoin ASYS
and each of its officers, agents, servants, emplcyees and

attorneys, and all persons acting in concert or participation with

Case No. 00cv0701 L (LAB) !
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them, from further infringement of United States Patent No.
5,732,115;

e) That the Court award damages sufficient to compensate
Gamma-Metrics for the past infringement of Patent No. 4,682,043 by
ASYS;

f) That the Court award damages sufficient to compensate
Gamma-Metrics for the past infringement of Patent No. 5,732,115 by
ASYS:

g) That the Court find that Defendant's infringement of
Patent No. 4,682,043 was willful;

h) That the Court find that Defendant's infringement of
Patent No. 5,732,115 was willful;

i) That the Court find this to be an exceptional case and
award Gamma-Metrics its attorneys fees and costs; and

) That Gamma-Metrics be awarded such other relief as the
Court may deem just and proper.

DEMAND FOR JURY TRIAL

Plaintiff Gamma-Metrics hereby demands a jury trial as to all

issues that are so triable.

Dated: July 7, 2000 FISH & RICHARDSON P.C.

By: ;;26é4“2é:/%}1é2i2?4//
2§zta R. Brooks ’
id S. Shuman
Attorneys for Plaintiff
GAMMA-METRICS, INC.

10042341 .doc

Case No. 00cv0701 L (LAB):
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in an apperstus for neutron-capiure-based oo-line ele
mental anaiysis of bulk substances, an improved unifor-
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the apparatus Jess senvnve L wegregalions thal occur a
moving streams of the bulk substance. The apparatus
incocporates & measurement volume having a substan.
tally-square cross-section with rounded cormery in the
plane perpendicular 10 the direcuan of flow in order 19
exclude the bulk substance from regions of unusual
sensutivities and 1o (actlitaie the onenwtion of the instru-
ment (or minimum sensitivity to segregations in the buik
substance. The apparsius slso includes a plurslity of
neutron sources wiuch ~zpose the analyred bulk sud-
stance momenwnly conuuned within the spparatus to 5
flus of seutrons. The apparsius also provides for the use
of neutron reflecions to increase the neutron flux near
the sides of the measurement volume, further improving
the uniformity of measurement The analyzed substance
captures some of the neutrons by (n.y) reactions, pro-
ducing promg gamma rays which are detectad (0 pro-
vide the compasition measurement. The use of mukiiple
sources causes the neutron flux o rise instead of fa))
near the sides of the volume containing the bulk sub-
stance compared to the center of the volume, and flux
varistions can be made 10 cancel solid-angle vanations
10 produce & more-uniform respanse over & subsiantial
portion of the measurement volume. Similarly the use of |
muitiple gamma-tay detectors can aiswo reduce these
solid-sngie varstions, improving mexsurement unifor-
mity, parvcularly if the measurement volume is large
because of material-fiow requirements.
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1

OBTAINING UNIFORMITY OF RESPONSE IN
ANALYTICAL MEASUREMENT IN A
NEUTRON-CAPTURE-BASED ON-LINE
BULK-SUBSTANCE ELEMENTAL-ANALYZER !
APPARATUS

Thus s & continuation of sppiication Ser. No. 566,484,
filed Jan. 3, 1978,

BACKGROUND OF THE INVENTION

l. Field of the lnvention

This invention genenlly relates to nuclear metery,
and more pacticulerly to inprovements 1A neutron-cap-
(ure-based elemental anslyzers leading (o an increased 1S
uniformity of cesponse in oneline snalytical measure-
ments of bulk substances.

2. Description of the Prior Ant

The rising coat of fuels, coupled with the peed to
svoid umospheric poilution when burning them, has 10
led to the requirement that their compotition be kngwn
al various poiats in the fuel-preparation cycle. For ea-
ample, because of the scarcity of low-sylfur crude oils
and the cost of sulfur removal, the value of fuel ail
incresses significandy o id sulfur content becomes 13
lower, indicaling that sccurate fuel-oil blending to 2
fixed sulfur level consistent with allowable smounts of
pollution is both cout effective and an eficient utiliza-
vion of increasingly-scarce hydrocarbons. Furthermore,
precise knawledge of the heat coatent af fael oil allows 10
furnaces and boilers (o be operated in s more-eTicient
manner. Ln sddition, knowledge of the amount of sulfur
and other contaminants such 43 vanadium and nickel in
vuiounhydmwbonmunhelppnmtmcpoi-
soning of caalysts used in oil refineries, avoiding costly 13
shut dowas.

12 the case of coal, sulfur content is genenlly higher
than that of il making the pollution probiem even
mare scvere. As & result, expensive coal-cleaning plants,
mck-pmnbbmudpm:ipinwnmmnry..n 40
of which cas be operaied moce efficiently if the coal
wupuiﬁonhhwﬂonarul-ﬁme.o&-lium EfM-
cient boiler operatios also benefits from this camposi-
tion messurmmenl, and knowiag the composition of the
uhinunmdmhudwlvoidboilerllugin;,u
which ds 3 costly problem that is generally abaent for
fuel oil.

Paruculariy in the case of coal, but also for oil, these
oompotition measurements have 1o be made on izhomo-
geneous substances with high mass (low rates and varis %0
able compositions. Thus, this messurem=t should con-
tinuously reflect the sverage composiion of the bulk
substance, and rewomumathnuldb:fmmgh ]
permit effective procest control. Generally the latter
requirement implics ¢ speed of response ranging from & 33
few minutes up 10 an hour.

A techaique which caa wtisly these requirements can
often be used in spplications which do nat invalve fuels
or Beir derivatives. For ezample, it could measure the
nitrogen content of wheat in order to determine the 40
amoumofpmainpmml.wh.ichin‘misnmdm
focd value Thut the messurement of fuels is ilustra-
tive oaly and is sot emseatial (0 this wvention, which
applies W all measurements of bulk rubstances by the

=

techaiques (o be desc. Ded hereinafter, [}]

Several methods for compotition measurement are
known in the prior art, the most obvious one being
sampling following by chemical analyss. This tech-

EXHIBIT A
PAGE 9

b

mique pravides Moy presant Jata on the compontion of
vanous bulk sbstanzes. Unfortunately umpling ia in-
herenty naccurate because of the lack of homogeneity
of bulk maleridls, and isrge continual expenditures for
minpawer, mmpling devices and chemical-analynis
equipment are required [0 provide roponse times
which st best could spproach one hour. These disad-
vanuges lesd to the Considersoon of other techaiques
which are faster, mare subject lo sutomatic operations
and more af a0 on-line cantinuous bulk messurement

One techaique often used in indusitial enviroaments
for elemental snalysis involves X-ray fluoresence. Thi
techrique relies an the fact that esch stom emits X-rays
with distinct and well-known energies when external
radiations disturd its orbital eectrons. Unformusately,
sulfuc, which is an intresting element (rom the sand-
poinudnirpolluﬁoundunimpohmin;.uiu
mosdy 2-keV X.rays, which can ouly traverse about Q.1
mam of 8 typical foel. lroa, which is one of the elanent
jenerating the ighet-mergy X-ays i coal, produces
mostly & 6keV X-ray, which alac canact escape from
aay spprecisble amount of coal or other nongaseous
fuel. Thus, the use of X.ray fluorescencs for other than
gaseous materisls requires cither the preparution of very
clean surfaces truly representative of the bulk material
or the vaparization of 1 sample in an atmasphere which
dnes not confuse the messurement. In either case, s
difficult sample-preparation probiem compounds the
errors associated with X-ray fluorescence itseld.

A second techaique usually involving X-rays which
Are more pesetrating is X-ray sbeorption. In this case .
one mensures the difTerences ia the absorpiion or scal-
tering of X-rays caused by changes in the amounts of

_ esrtain elements. [n the case of relagvely-pure Bydro-

carbony such as refined fuel ofl, this techaique caa pro-
vide 8 useful messurement of sulfur coateat because
ndrunlx-nymﬁnuwanmuvupM
inmteﬂectoumex-nyuhncpmnispmi-
nna.however.‘udepadmlmlh:hcko!mohhe
meuhwhkhmmbmdudmyahobtpt&
ent in oil. In sddition, 22-keV X-rayy oaly penetrate
Mutzmhmtmpmumdsmﬁnlmpm
stil) & requirement Moreover, this wechnique ot gener-
uily limited to measuring ouly one of severs) potential-
ly-interesting elements, and the measurement of the
relative amount of many different elements ina complex
mixture such as cosl becomes difficult

Nonetheless, nuclesr techniques ia general remain
sttractive because they often can be automated and i
principai do not require sctual manipulation of the balk
materal itell. The problems with X-ray {lvorescence
and ebsorption arise partly because the Axsocinsted rudis-
tions are not sulficimtly penetrating. Howeves, because
the energetic gumms 1y produced by the capture of
thermal neatrons will peaetrate over 10 mun of most
fuels, an snalynis techaique based on them can provide
an sccurate, continuous, on-line measurement of the
elemental compesition of bulk subsunces without wam-
pling,
This technique is based on the fact that almost all
clements when Bombarded by slow neutrans caprure
these neutrons at least momentarily and.form a com-
pound nucieus in s ¢xcited rate Usually the prompl
eraission of one ar MOCE FAMMA (A Y3 with energies
intensities which are uniquely charncteristic of the cap-
turing nucleus dissipates most of this excitation energy.
Because these prompt gunma iyl often have enerpos
1 the 2- 1o | 1-MeV range, they can pencirte tubstan-
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tis] quantities of material. Thus, for those satopes with  and perpendicular theretd Three major eflects led to

significant capture cros sections and prominent gam-  these sensitivity vansuont
Fint, the aeutron Mux de<reased us the distance fram

ma-ray lines, measurement of prompt gamma (a3 can
the source increased. and this flux had to fall substan-

beundmdemﬁuinmou-line.red-umemmthe
b ¢ ually st the sides of the chute compared (o it center i

quantity of most of the elements present in buik w
stances, which can be flowing through the analyzer. order to have an sccepuable number of neutrons eacap-
The sbove emphuasit on thermal neutrors reflects the  ing into the detector. Because the probability of produc-
fact that for most elements the cross section for neutron ing & gumma ray is proportional to the lux of trermal
capture is approxistely propoctional 0 the reciprocal neutrons, the production probabilicy per mnit volume
the square oot of the aeulron energy. Thus, almost all 10 therefor also had to be ﬂhuﬂﬂl")' leas sl the udes of
neutron capture oocurs At the [awest peutron energics, the chute than at its ceater.
which happen when the peutrons are in thersil equilib- Second, the solid angle subtended by the detector for
rinm with the suclei of (e surrouding medium. As 8 esch small volume in the coal chute is lem for those
resull, the thermal-seatron-caplure cros sections char- volumes distant from the detector than for those closer
acterize the cxpecied prompt-gamma-ray mummempuamulf.thpmhbﬂinm.
Mwnywﬂmwﬁwnlymbhm pmmnymndfmu:hnvolmmm
simpe theoretical interpretation wing weil-known they.  9EHior decressed lo¢ volumen sear the source or the
pal-seutron-capture croas sectioas, making AutDMALIC far wll of the chute, and for those volumes removed
aperaticn 4 feasible concept from the sourcedetector line, compared to volumes on
However, because isoiopic and other neutron 1ources 20 the source<detector line sad near the detector tde of
genenslly produce neutrons with sverage energies of s e shuee. e .
fast several MeV, “moderaticn” o “thermalizadon” Third, the probabllity tat » gamma Ty moving
mast reduce neaifoa energies by over cight lnwdmedmmmwlfmunfwybmu
onders of magnitade in order for them (0 reach the was produced 1o the dewecior withou! interacting de-
(hermal region soer 0.025 cV. Collisions with hydrogen e e istance which it must travel increascs.
auclel, which have s mam essentially the same as that of u, the measurement seaslivity, which was deter-
. . rained primarily by the gamms rys which did not inter-
mcmwmnluleﬂxm;aum.mm act, was Jess for regions near (he of the far wail
most effective means for aeutron moderation, although reposd  vomree ar
collisions with oeher  will meutrons 10 of:heculcugemp-radwngmwthedam.
lisions clemen moderaté i X o thew pror-an ingrupeats all of these effective
some degree. Because the neutrons move betwees cort combined to make the seasitivity at the side of the chute
sioas, the volume of material ."M iﬂll"ﬂ.lﬁc'llll m:heappduddtdmemmulhemw-
mnmaﬂhvetmwdeﬂbleutml.whmh m.blylu:thut.h:uuiﬁ\ﬂ'wilthevolmb«m
depudlnadyu&cmtdhyﬁommh the sonree and the detactor. However, if the seutron
Because the thermal eutrons e produced contiag- 15 wwhhatdauuidurmmlwlmu
oalybymdm:mmndcmm described in asother spplicatioa foe 4 U.S. patent, Ser.
uumwwmwtm Nam.los.mdulwll.lmbythGhmwt
the subsance being messurad is mapled over 4 lacge herein, then (be mearement can be confised lo the
extent, providing the bulk measurement volugic berween the source 1nd the detector, rerulting
Altbough these techaiques have besa nsed in 1he 4 in improved uniformity. However, ualess the tech-
laborutory under controlled conditions, theif implemes-  niques of this invention are iso employed. the unifor-
tation in & sutomatic, on-line instrument placed in a0 mity of sensitivity may still be insufficient to measure
indwtrial environment presents usique problems which  accurstely segregated, inhom
prior-ant Mmuhnmnlvd.Omofm mephumy.dnﬂ:mmmmrm

curately substances with co i

ithin the 2 ume. One such non-uaiform 5 direction merpendicular to th= source-detector line.
material may occur wheo coal with varioms particle  Furthermore the amount of scaering material through
i:.aordiﬂmmpnidonmw;hnchmnr which the gamma ruys produced s e ude of the
chanoel pamsing through the isirument. Oftes in this “hute must travel to reach the detector s grester, add-

case the cosl particles will differeatially segregate slong  ing to reduced sentitivities at the chute side compared
more severe i the

mmumnmmmmmmim de- 1o its center. This effect becomes
pends epoa position within the measurement volume.  chute decomes larger, parucularly if neutron-absorbiog
Only if the instrumens has a respomse which i indepea- materials or open spaces surruend the chute and further
dent of position within the measurement volume will it 33 depress the Uhermal-neutroa flux st the chute sides.
messurs correctly (v sversge composition of the bulk  Large chute sizes may restit {rom high mass flow rates
substance. (ncomplets mizing of fluids or durries could  or {rom other geometrical constraing impased by the
produce the same problems as Ulustrated above for wolid  industrial environment and variouw properties of the
call.npinhndialmth:acdfonunifom respomse Of  subsuance being wnalyzad.

messdrement sensitivity. ]

[a the known prior AL, & single oaulron jouree Was SUMMARY OF THE [NVENT‘ON_

located in the center of a coal chule passing through the Applicant herein has conceived of severl improve-
memurement volame, 1l & single gaama-rey detector, meny for reducing these sensitivity venations o the
whichwulouxdoutdd:afth:m‘vuuudw - t 1pro!
measure the cnerpy speclum of the capture gamma & unbupplidthdup-rudyormmmw
‘;muuhdnmmorme Lchniqu:iﬂvolvulheuedmofmmm
mmm.memmluiﬁvhyinmh mwhhhmhnwdmhthldnmﬂu
> ’ i in«usﬂslmcﬂdﬁofthemtwhmm

EXHIBIT A
PAGE 10
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pared 10 the flux at the center. If the number and spac- It 15 another abject of this nvention 10 provide an
ing of the sources are carrectly chasen, then this lus  improvement in an elemental-nalyzer apparutus of the
increase can compensate for the reduced solid angle and  {oregoing type for makung the apparstus insenutive o
gamouerty transmission which occur at the sides, Asa  segregations that may occur 1 moving streams of the
reault, the sensitivity along lines parallel to the face of 5 bulk substance being analyzed.
the detector can be made more uailorm. It is an additional object of this invention to provide

Similarly multiple gsmma-ray detectors can also be  an clemental analyzer of the foregoing type having o
used to sccomplish the same raswt In this case the salid  symmetneal chute which has rouaded comen through
angle and gamma-y Uransmumion can be enhanced  which the bulk subttance being analyzed Nows to im.
near the sides of the measurement voiume compared to 19 prove uniformity of measurement.
its center. The combinstion of multiple sources with [t i wnother object of this invention o provide wn
multiple detecton can produce an everrmoreuniform  elemental analyzer of the foregoing type having multi-
measurement sengitivity particularly for large measure-  ple neutron sources located outside of the chute
ment volumes [n sdditioa multiple detectors will mes-  through which the balk substance being wnalyzed passes
sure more of the capture gamma rays and can wlerate ' 10 improve wniformity of measrewent
highamulmmin.ma.lndinlmcmnemdul It & wnather object of this invention to provide in an
use of seutrons and 1o a faster speed of response elemental anslyzer of the foregomyg rype the capability

The Nux at the sides of the measurement volume can  [or accommodating the plscement therein of & multiple
be intreased by sl otber means. For example, a smaller _ number of detectors la improve upiformity of measure-
measucement volume has o smaller sensitivity varistion = ment.
than one with 2 larger cross.sectional sres. Eliminating 1t is & further object of this invention to surround the
low-sensitivity regions, such as the comery of a coal  measurement of an el tal analyzer of the
chute, from the messurement volume also improves  faregoing type with & seutroa-reflecting matenial in
uniformity. [n sddition surrounding the measurement .. order (o improve the uniformity of measurement.
volume with a material which scattens neutrons without For a better undrestanding of the present invention,
sbeacbing many of them will reflect neutrons back intd together with other and further objects thereo!, refer-
the measurement volume, thus increating the lux at the  ence is made (o the following description taken in coa-
tides and improving the efficiency of neutron use. Typi- nection with the sccompanying drmawings in which
cat aeutron reflecton contain berryliam, carobon, azy- o, preferred embodiments af the inventios are illustrated,
gen or bismutk, with the Latter also having Lhe advan- the scope of the invention being pomted out aad con-
tage of being & good abworber of background gamma tained in the sppended claims,
ay

Making the seruitivity uniform along Lhe source- BRIEF DESCRIPTION OF THE DRAWINGS
detector direction is more difficult, becsuse the neutroa 35 FIG. 1 shows & crom-sectional view of the neutron
fiax mom be allowed 10 decresse substantially near the sources, the gumma-ay detector, the measurement vol-
detactor, although 2 neutron-sbeorbing gamma-rey ume, the hiciding and other structure smociated with s
window can reduce the required amount of this flux meter for the elemental analysiy of coal, which forms o
decreast a3 decrided in U.S. patent application, Ser.  preferred embodiment of this tnvention. .
No. 308,103, fMled oa June 11, 1977 by the inventor oo FIG. 3 shaws further detajls of the same instrument
herein. Fortunately in this direction solid-angle and a2 that shown in FIG. 1, but in this case the sectional
gARma-rry-transmision effects tend to compensate for  view hat been taken slong the line A—A in F1G. 1. The
the flux variations reducing the sensitivity non-uaifor-  line B—38 of F1G. 1 shows the sectioning line used for
mities, Atbough perfect cancellation of these effectican  producing FI1G. 1.
oaly be fortitous. In addition as one of the techniquet 45
of this invention, the orientstion of the source-detactor DESCI]FHE?‘P;(?SWD
line can be chosen 1o lis aloug the direction of minimum
concenuution variation, reducing e insccuracies re- The application of these considerstions [0 an appars-
slting from semsitivity changes within the memsure- b for the elemental analysis of coal forms one of the
ment volume. A rymasetrical conflguration for the mea- 5o preferred empodiments of this invention, a3 shown in
surement volume will then faciitate the adjustment of  FIGS. 1and 1. Other embadiments involve the on-line
the inptrument orientation in ovder t0 oblain optimum  measurement Of coal-water mizrurca, coal-oil mixtures.,
acouracien for sonuniform materials flowing through  crude oil, fuel oil. gascline, wheat and most other bulk
the instrument. substances cantaining some hydrogen. Thus, the por-

The present invention bas scveral features of novelty 13 tipas of the preferred embodiment shown in FIGS. 1
over the known prior art, including the usc of a plural- and'2 which sre specific 1o the messurement of coal are
ity of seutrom sources and detecion, the presence of ilustrative oniy aad are oot intended to limit the wope
seutron refloctors and the proper choice of Lhe configu-  of Lhis invention.
ration and orienwtion of the measurement valume, in The instrument includes means for containing the
ocder to obtaid & uniform memsurement sensitivity 4 bulk rubstance 10 be analyzed, which may flow through
throughout the messurement volume 20 thal segre- the ipstrument i order 10 provide s LoAliNIOUS, on-line
guled, inbomogeneaws buik materials can be messgred  messurement of hulk composition. [n the embodiment
sccurnely. shown in FIGS. 1 and 2, this means encloses the centrul-

It is an object of this invention to provide an improve- ty-located mearurement volume 14, in which the coal
meat i 4 neutron<capture-based, on-line. bulk-yub- 45 being analyted & coafined. Measurement volame 10 it
sance chanenal-sniivzer spparstus for obuining wai-  the region throupout which the COMPOSIGON DEEETe
formicy of respoase throughoui the meaturement vol-  ment takes place Coul paming through the coal chute
ume. 40 contnuously fills the measurement volume 18 with 8

EXHIBIT A
PAGE 11



)

Case 3:00-cv-00701-L -LAB Document 34 Filed 07/10/00 Page 14 of 40

4,682,043
7 8
curtent coal sample, facilitating the desired continuous,  ates for the reduced detector 4 solid angle and gam.
on-line bulk measurement. ma-ray transmusion st the sides, the sensitivity unifor.

In the embodiment of FIGS. 1 and 2, the means for  mily s unproved aver the singi ;
containing the analyzed substance consiis of the liser  tional wurgu could be used to meﬁ
JQWMEM:V surrounded by the bismuth gamma. 3 even further, particylarly if flow propertia and ﬂa:
ry shield 20. Because bismuth has & low probability for  rates of the dulk substance required s larger messure-
neutron ebsorption but does scatter seutroms, those  ment volume 18 than that thown in F10. L
portions of the gamma-ray shield 10 near the liner 36 in the embodiment of FIGS. 1 and 2 sevtron moders-
reflect some of the excaping neutroas back into the  tors 14 snd 16 surround the source capeales 10 and 11ia
measurement volume 18, As a result the gunuma-ray 10 order (o reduce neutroa eaergies befoce the nevtrons
shield 20 alao scts a5 a oeutron reflector, which in-  extter the measurement volume 8. A gamma-ryy shield
creases the neutron flux along the sides of the measure- 20 then swrounds the moderaton 14 and 16 o sbeoch
ment volume 11 in order to improve Metsurement ani-  gamsa-rays prodoced by the sowrce axd the moders-
formity and t0 use the neutrons more efficiently. Other tors and to provide s material with low asutron sbeorp-
clements besidas bismuth are well knowa in the art to 15 con through which neutroas cas diffuse away (rom the
functicn m good newiron reflectors, isciuding ber-  source The wee of the modersion aod gamma-ray
rylium, ozygen, deuterinm and carbon, end the use of  shield b not exsential to this invention. and their wie in
any neutroa-reflecting element [or Uvess purposes forms  the embodiment shown ia FIGS. 1 and 2 b not intended
8 part of this invention. to limit the scope of the inveation.

As thown in FIG. 1, the cross-section of the meature- 2 [n the preferred embodiment shown in FIGS. Land 2,
ment volume 18 in the plane perpendicular to the flow  the neytran sources 10 and 11 are outside of the mea-
of the bulk substance is a square with rounded cornert.  surement voiume 14 indicating that most seutrons will
This symmetrical configuration provides seversl advan- not enter the messurement volume I8. In order 1o com-
tages compared (0 other configurations when measure: (ol these usused escaping nevtrons (o avoid s radiation
ment uniformity is important. First, this symmetry al- 13 hazard and beckground in the messured eoergy spec-
lows the instrument to be ariented easily such that the  trum, the preferred embodiment shown in FIGS. 1 and
asix of the detoctor caa lic along sny dasired direction 1 includea the ‘LiH gamma-ray window 13, the borom-
without substantial modifications (o the coal chute 40.  doped-polyethylene safety shialds 32 and 32 with the
Thus, the choice of the instrument onentition 0 mini-  source access rods 33 and 33, sad the lithium in polysth-
dize the sensitivity 10 compotition segregations cas be 30 ylene 34, The existence of thwse dewlron-abeorbery in
made relstively Iate in the installatios process. Socond,  the preferred embodiment of FIOS. 1 and 1 is aot in.
both the aquare croms section and the rounded corser tended 1o limit the scope of this invention.
exclude coal (oo regions of reduced measurement ln ocder to avoid a radistion hazard from escaping
scasitivity. Becanse the conliguration sthown in FIG. 1 neutrons whea the measurement volume 1§ is empty, in
confines the coal 10 the regice where peutroa fluxes ind 3§ the prefirred embodiment the shield 32 ou the detoctor
detector 24 solid sagles are relatively constant, the sde of the mensurement volume 18 hus becn placed
sensitivity throughout this plane will be more uniform behind the semsor electronics 36 such that the pamma-
than that provided by a wider messurement volume 18 tay detactor 24 and the sensor electronics 26 are located
or one permitting coal 1o emer iquare comens. These with & chamber 37 in the neutron sbsorber. Even in this
techniques also form o part of this invention, and they 40 configuration some scattered radiation caz leave the top
can be tsed seperntely or in combination with the other snd the bortom of the coal chute 40 paming through the
techniques described herein. measurement volume 18 whea it i empty, becanse this

The mftrument also includes peurron-producing region it sot covered by shiclding. A radiation darm 42
means for providing ascutrons In the embodiment and a movable piug #4 for the cosl chute 40 when no
shown ia FIG. 1, mid acutron-producing means consists 43 coal ia present provids the neceaary protaction o per-
of two sousse capeules 10 aod 12 containing :he oope  sonnel wheu the coal chute & empty. If the movadle

Caiifornium-29Z In other embodiments of this inven-  plug 44 is constructad out of appropriats known maten-
als, it can also be used for instrument calibradon. The

tion the source could contain different botopes, such as

plutonium mized with berylligm, or could comwia & existence of the radistion alsrm 42 and the movable
seutron generstor, such s that using the JHd.a}He 30 plug 46 and the presence of s chamber 37 for the sensor
reaction, Additiosally the instrument could contain  clactrogicy 1§ in the preferred enbodiment arc oot
seversl other neutros sources, which could all be the intended to lisnit the scope of this invention.

sama (ype of coald be various combinations of source Some neutroms will diffuse through the umma-ray
types. The seutroaproducing means can be located shield 20 into the messurament volume 18. There by-
aither outside of the volume containing the bulk sub- 33 drogen present in the coal being snalyzad will modersis
stance 1o be analyzed, ss thown in FIOS. 1 and 2, or them further, and then they often will be captured by
within this volume. If several neutrod sources are pres- !.hevnﬁaunudcipmcminthenalyﬁml.m
ent. some of thess sourcey may be within this measure-  neutron-capture reactions gemerslly produce gamma
ment volume, while other sources wre external thereio.  ray, which travel through the measurement volume 18
The principkes forming s part of this invention apply 1o & and the neutron-absarbing gamme-ray wisdow 11 and
all of these varistioas of the embodiswent shown in mwmcpmm-nydcmor)&.whichilm'nmbodi-
FIOS. tand 1 ment (orms & mesas for gumma-ray detection.

The use of two neutroa sources 10 snd 12 &3 shown in In the embodiment shown in FIOS. 1 and 1, this
FIG. 1 illustrates one of these principies. Because these  detector 14 s ¢ large NaI(T?} crysual, although other
rwo sources 10 and 12 are located near the comers of 3 detectors such as Cal(TY), Cal(Na), Qe or Ge(Li) could
the measurement volume 1, the acutron flua i higher  be used in instruments incarporatiag the features of tis
along the sides of the messurement volume i$ com- invention. For comvenience, F10S. 1 and 2 show a
pared ta its center. Because this Nluz increase compen-  ningle detector 14, which is located near the side of the
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meqsurement volume |8 oppesite the ude near the
source capsules 10 and 12, but this invention 8 not in
tended 10 be limited to the use of 4 nagle gamma-ray
detector nor 0 it locaion across the messurement
volume f{rom the neutron source. In fact the wse of 0 §
piundity of detectors with possibly some slong the
other sidey of the measurement volume {3 would be
beneficial in mpraving the measurement uniformity.

Far exsmpie, muluple detectory pisced st difTerent
paints slong the perimeter of the Messurement voiume '
18 wauld provide & compatite 30lid angle end grmma-
ray treramission which are more usiform throughout
the measurement volume 18 than those obtained with 4

10

{c) means for gamma-rey detection apersbly sasci.
ated with the neviron-producing meant and the
means for contarning the bulk substance being ana-
Iyted, the means for gammanuy detection produc-
ing electrical signaly indicative of the famma-ray
encrgics 10 provide for the measuremnent of the

energy 1pectrum of the capture gamma rmys
2. An spparstus u defined in claim | in which sid
neutran-producing meuns compciset « pair of seutron

0 sources located externally of said pasagewey near the

cornery of said first side Usereof whereby the peytron
flux produced is relatively higher along the sides of said
nasagewsy disposed perpeadiculsr to mid first side
thereof & compared with that produced by one saurce

single detector. As a result, ensurement umrunnuyuu p sorly of wid oy 8 Jocation equi.

improved, snd in addition the tal allowable counting
rate, and thus the speed of response, become higher,
because each detector can tolerate the same counting
aie & a single detector. Such s multiple-detectar array
1§ parcylarly justified when high mass flow rates ar
ather properties of the dulk substance resuit in a large
messuretpent votume 18, which & tringle detector cannat
view with wilicient umiormity. The combination of
multiple deteciory with muitiple sources and/or neu-
1zon reflectors can improve the measurement unifor 34
mity sull further, and the detectars could aiso be yse-
fully placed siong mare than one side of the mensure.
ment volume,

When the gamma rays inersct in the gamma-ray
detactar 24, they produce electricu signais indicative ol 3
thewr energy. The sensor eectronics 26 convert these
eclectrical Hignals into digital information, which i trans-
milted over an intercoanecting cable 18 to the display
console M, The display consoic 30 processes this infor-
malion using the fact that neutroa capture produces an 33
energy specturm which depends an the amounts of the
vanous elements capturing the neutrons. The resalt of
this procesting b information concering the relative
concentrations of the various elementy of interest in the
measurement volume 18 and any other properties, such 4
s density, which may be usefuily obtained from (he
mestured spectrum. The interface between the sensor
eleeyonics 36 and e displey console X0 and the reth-
ods wsed theren also do not fon 4 part of this inven- .
tian.

What 1 claim e new i:

1. An improved spparatus for the on-line analysis of
the compauition of & bulk substance ia & measurement
volume, wherein said analyrls inciudes the production "
and capture of neutrons and the detection of the resull-
ing capture gamma rays, aid apparatus comprising, in
combination:

{8) neans for costining the bulk substance to be
anslyzed, said mesns compriting 2 bulk subsance (¢
receiving pasageway subsuantially square in cross-
tection having first, second, third and fourth inter-
conpected sides sud means for contining the bulk
substance being st lesst party surrounded by
neutron-reflecting substance;

(b) neutroa-producing means (or providing neutrons
whick generuic gumma rxys by seutron-cspiure
cenctions wich he sucle in the bulk subsunce
being amalyred, the neutron-producing mesns

& ity.

distant from said coraery of said first sde

3 Aa spparstus a8 defined in claim | in which mid
means for gamma ray detection comprises 8 plurality of
gamma tay detectons located along the side of aid

X0 passageway disposed oppatite from the firyt uide theren(

and along the sides disposed adjscent 10 suid first side of
wid passageway.

&, An improved apparatus for the on-line analysis of
the composition al « bulk substance flowing through &
mesgurement volume, wherein said analysis includes
the production and capiure of neutrons and the detec.
tion of the resulting capture gamma rays, said apparutuy
comprising, in combination:

(a) means for containing the bulk substance 10 be
analyzed, sid mesns comprising an cloogated pas-
sagewsy sdapted (0 conwin sid bulk yubstance as
it flows trough sid apperatus, said peasagoway
being »f Jeast partly surrouaded by s seutron-
reflecting substance; '

(b) neutroa-producing means for providing neytromns
which generate gunma fays by teulron-capture
reactions with the nuclei in the bulk substance
being anaiyzed, sid neutrop-producing means
comprizing &t lewst one teutron source (ocated
externally of suid passagewsy;

(c} means for gamma-rey delection operably associ-
sted with the neutrom-producing mesas and the
means for containing the bulk substance being ana-
lyzed, the means for gamma-ray detection produc-
ing electrical ngnals indicaave of the gamma-tay
enecgies 10 provide (or the mensurement of (he
energy spectrum of the capture grmms rays, tud
means comprising 3! Jeasl one gamma-ray detector
disnosed esternally of said passegeway.

5. An appursius a3 delined in clum 4 including &
plurality of nsutron sources located externslly of said
pastagewsY.

6. An appanstws as defined in claim 4 including a
pluriity of gamma ray deteciors located externally of
wid passagewsy.

7. An spparztus & delined iz claim 4 in which id
pamagewsy i3 substantially rectasgular in crom-section
wit the comers thereol rounded to dirset the flow of the
bulk wbstance toward wid region of maximum sensitive

4. An apparutus & defined in claim 4 in which wid
prsgewsy i substantiaily square in cross-section witk
the cormen thereof rounded (0 direct the flow of Lhe
pulk substance towsrd said region of maumum sensitive

being operably sssociated with the means for con- &3 ity.
* [ ] L ] L] -

tining the bulk substance; end
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Controi Na. Patent Under Reexamination
Notice of Intent to Issue Reexamination %0/005,237 4682043 ET AL
Cenrtificate  Examiner Art Unit
Constantine Hannaher 2878

~ The MAILING DATE of this communication appears on the cover sheet with (he correspondence address —

1. E Examination has been terminated in this reexamination proceeding, and s Certificate will be issued in view of

{a) X Patent owner's communication(s) filed: 18 Novembar 1998 999 gn.

(b} ] Patent awner's Iate response Med:
(c) [ Patent owner's failure to file an appropriste response to the Ofics action mailed: .
(¢) (] Patent owner's failure to timely file an Appeal Brief (37 CFR 1.192).
(o) (] Other:

Status of Resxamination;

{f) Change in the Specification: i Yes, [JNo
{g) Change inthe Drawing:  [JYes, [ No

{h} Status of the Cleim(s).
(1} Patent clainys) confimed: 356 eng 8.

(2) Patent claim({s) amended (Including dependent): 1,24 snd 7.
(3) Patent ciaimys) cancefled: ____.

{4) Newly presented claimy{s) patentable: §-17.

(5) Newly presented cancefed claims ____ |

2.00 Note the attached statement of reasons for patentability and/or confimation. Any comments considered necessary by
pstent owner regarding ressons for patentabllity and/or confirmetion must be submitted promptly 1o aveid processing
delays. Such submission{s) should be labeied; “Commaents On Statement of Reason for Patentability and/ar Confimation *
3. ] Note attached NOTICE OF REFERENCES CITED (FT0O-882).
4. [ Note attached LIST OF REFERENCES CITED (PTO-1440).
5. ] The drawing correction request fled on is: ] approved [] disapproved.
6. [0 Acknowledgment is made of the priority ciaim under 35 U.S.C. § 1190.
a)J Al b)] Some cj] None of the certified capies have
] been receivec.
{7 not besn recsived.
[] been fied in Application No. )
[] been filed in reexamination Contral No. ____.
{T] been received by the Intsrnational Bursau in PCT Application No. .

7.0 Note attached Examiner's Amendment.

8. B Other Nota attached ststemant ragarding Notification of Non-Compliance With 37 CFR 1.192(c) in Reexamination,
information Disclosure Statament(s), and Rasponse o Submission(s].

Notice of intant to (ssue reaxamination Certificate Part of Paper No 26
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DETAILED ACTION

Reexamination

Notification of Non-Compliance With 37 CFR 1.192{c} in Reexamination

1. The Appeal Brief hled February 11, 2000 is defectve for failure to comply with one or more
prowsions of 37 CFR 1.192(c). See MPEP § 1206. Because with this action the Examiner terminares
the proceeding and prepares a Notice of Intent to Issue Reexamination Ceruficate with a favorable
conclusion as to all claims, no further requirement on Patent Owner is made with respect to the
brief. A TIME PERIOD of ONE MONTH would have been given to file a complete new brief.

2 The brief does not contain a concise explanation of the claimed invention referring to the
specificagon by page and line number. 37 CFR 1.192(c)(5). The brief does not contain a concise
statement of the issues presented for review because the stated issues do not correspond to separate
grounds of cejection. 37 CFR 1.192(c)(6). There are seven issues corresponding to the separate
grounds of rejecton presented in the final rejection of August 13, 1999, should appellant have
chosen all of them for the Board of Patent Appeals and Interferences to review. It is appellant’s
argument that the applied reference common to all of the rejections (the Gozani ¢f 2L document) can
be removed. The statement required by 37 CFR 1.192(c)(7) has not been made with respect to any
claims subject to a single applied ground of rejection. More specifically, appellant has not included 2
statement regarding whether claims 10 and 1 stand or fall together with clum 2, the only other
claim in the rejection which applies to a group of two or more claims which includes claims 10 and
11. See paragraph 7 of the final rejection of August 13, 1999. Indeed, the statement that claims 10
and 11 do not stand or fall together with claim 9 is not celevant as no ground of rejecuon applies o
a group of two or more claims that includes claims 9, 10, and 11. The argument states that “Claims 7

and 8 have been indicated to be allowable” even though section 3 of the bnef correctly states the
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status of these claims as having their patentability confirmed. The argument under 37 CFR
1.192(c)(8) presents no argument in support of the statament that claims 10 and 11 are believed 1o
be separately patentable. As pointed out in the rule 37 CFR 1.192(c)(7): “Merely pointing out
differences in what the claims cover s not an argument as to why the claims are separately
patentable.” With respect to 37 CFR 1.192(c)(9) the use of “soutces” in claim 12, line 1 is onginal to

the amendment filed July 21, 1999. The fee for filing an appeal brief is given by 37 CFR 1.17(c).

Information Disclosure Statement(s)

3. A paper styled "INFORMATION DISCLOSURE STATEMENT UNDER 37 C.FR

§5 1.97(¢) and 1.98” bearing 2 group stamp of November 10, 1999 is noted. A paper styled
“PETITION FOR CONSIDERATION OF INFORMATION DISCLOSURE STATEMENT
UNDER 37 C.F.R §§ 1.97(c)" bearing a group stamp of December 3, 1999 is noted. The Examiner
notes that 37 CFR 1.97 by its plain language” has no relevance in a reexamination proceeding. 37
CFR 1.555 is the relevant rule for reexaminatons.

Response to Submission{s)

4. The specification of application 05/866,488 filed January 3, 1978 which led by continuation
to the United States Patent No. 4,682,043 includes 2 description at column 7, lines 3-19 regarding
the operation of gamma-ray shield 20 made of bismuth a5 a neutron reflector. The presence of this
description is sufficienty different from the other speaificabons Fdéd by applicant describing the
invention that the specificaton retains the statement made in the other applications that gamma-ray
shield 20 is dispensable. More specifically, there is a conflict between claiming a neutron-reflecting

substance and describing the sole embodiment of such a neutron-reflecting substance {gamma-ray

t The double section macks sppear in the original even though oaly one nile section is idenafied.
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shield 20 by virtue of the selcctioﬁ of the.material for its construction) as “not essential. However,
it is noted that column 9, ines 42-45 states that the methods used in the sensor electronics 26 and
display console 30 do not form a part of the invention, either. This statement supports the intent to
label subject matter as not essential to the invention when it was not recited in the claims at the end
of the respective specification.

5. The response ta the final rejection filed November 18, 1999 (and the appeal brief filed
February 11, 2000) contends that the Examiner has “at [east 2 partial misunderstanding of the
physics of neutron interaction with materials.” In view of the declaration of Raymond J. Proctor and
exhibits attached thereto, which the Examiner has found very helpful, the source of that
misunderstanding can be located. Exhibit F of the declaraton under 37 CFR 1.131 submitted July
15, 1999 presented page 939 of Modern Callsge Physics by James A. Richards, Jr. et al because of its
statement that “{aJny matenal that has a low neutron absorption cross section can be used as a
neutron reflector.” See paragraph 9 of the declaration by Marshall to see the emphasis by quotation
of this solitary sentence; the reliance thereon by the Examiner was to be expected. The paragraph of
the declaration concluded that on the basis of this one characterstic (low neutron absorption
material) that the gamma-ray shield 20 acted as a neutron reflector. As is appacent from the final
rejection and advisory action, the sentence from Richards, Jr. is at best an inadequate statement’ of
what is needed for a neutron reflector in view of the many contradictions such an undersanding
leads to. The comments made by the Examiner regarding magnesium and aluminum based on the

graphs found on pages 66-67 of Weinberg and Wigner attached as exhibit C to the declaration of

2 37 CFR 1.97(a) states “In order for an applicant for  patent ar for a reissue of & patent to have an information
disclosure statemnent in complisnce with § 1.98 considered by the Office during the peadency of the application, it must

satisfy..."” The reexamination is not an application and Patent Owaer is not an applicant.
) Note thatitis the “use of the... gamuma-ray shield” that is "not essential to this invention”, niot the use of the

gunma-ruy shielding property of the shield.
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Marshall filed September 27, 1999 are an example. When Duderstatdt and Hamilton (attached as
Exhibit 2 to the declaration of Proctor) state at page 165 that “{sjuch matenal used to reduce
neutron leakage are known as reffedor” and that “[a)ny material with a large scattening cross-section
and low absorption cross section would make 2 suitabie neutron reflector” the misunderstanding
based on the reliance on the declaration of Marshall filed July 15, 1999 as specifically supported by
Exhibit F attached thereto is clarified. Low neutron absorption cross section as stated in paragraph 9
of the declaration of Marshall filed July 15, 1999 is not enough. The neutron must be scattered
sufficiently before the failure to absorb it makes the scattering material a reflector! Accordingly, the
reliance and weight the Examiner afforded this explicit statement and conclusion, in compliance
with the guidance of Ex parte Ousbinkyy, led to any misunderstanding.

6. Note that column 7, lines 6-7 of the 4,682,0437patcm states “Becavse bismuth has 3 low
probability for neutron absorption bkt doer scatter neutrons...” (emphasis supplied). In view of the
declaranon of Proctor and the excerpt from Duderstatdt and Hamilton, it is agreed that this s a far
description of what is necessary for a substance to be neutron reflecting, The declarations of
Marshall and others and the exhibits attached thereto, it is accepted, provide sufficient evidence that
inventor Marshall recognized that the matenal bismuth possessed these twn, necessary properties to
be a neutron reflecting substance as recited in the claims, and that this recognition was present prior

to the effective date of the Gozani # a/ reference.

7. The Examiner notes that the failure on the part of the requester to show that the Gozan: &
al reference is a printed publication means that the request failed to meet the requiremnents of 35
U.S.C. 302 and 37 CFR 1.510(a) in addition to the Failure to comply with 37 CFR 1.510(b)(4}. See

paragraphs 5 and 12 of the order granting request for reexamination.

* The same inadequacy i3 seen at page 490 of Weinberg and Wigner.
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Art Unit: 2878

8. The Examiner has 2 continuing obligation under 35 U.S.C. 305 and 37 CFR 1.550(a). See
MPEP § 2261. A final rejection was prepared July 23, 1999 (see the last page thereof and the Form
PTO-892 accompanying the final rejection) in ceaction to the submissions of July 15, 1999. The
mailing of the final rejection had to be postponed because of: (1) 2 “Supplemental Amendment”
received July 28, 1999 that contained no amendment of the specificaton, claims, or drawings; and
(2) a “Ceruificate of Service” received August 9, 1999 reflecting belated compliance with 37 CFR
1.550(e).

Conclusion

9. Any inquiry concerning this communication or eatlier communications from the examiner
should be directed to Constantine Hannaher whose telephone number is (703) 308-4850. The
examiner can normally be reached on Monday-Friday with flexible hours.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor,
Seungsook (Robyn) Ham can be reached on (703) 308-4090. The fax phone numbers for the
organization where this application or proceeding is assigned are (703) 308-7722 for regular

comemunications and Not Established for After Final communicatons.

Any inquiry of a general nature or relating to the status of this application or proceeding

should be directed to the receptionist whase telephane aumber is (703) 308-0956.

ch
February 29, 2000 CONSTANTINE HANNAHER
PRIMARY EXAMINER
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UNITED STATES DEPARTMENT OF COMMERCE
PATENT AND TRADEMARK OFFICE

~N REEXAMINATION

REASONS FOR PATENTABILITY / CONFIRMATION

Reexamination Control No. 90005,237 Attachment to Paper No. 26.

Art Unit 2878.

The declaration of Raymond J. Proctor fled on November 18, 1999 under 37 CFR 1.131 is sufficient to overcome the Gazani et al. refersnce.

CONSTANTINE HANNAHER
PRIMARY EXAMINER
(Examiner's Signature)
PTOL476 (Rev. 03-08)
g
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Pawnt and Trademark Office. U.S, DEPARTMENT OF CME)ICé
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Substitute for form 14498/PTO

- Complete if Known

Reexam Control Number | 90/005,237

W7

INFORMATION DISCLOSURE Fiing Date January 28, 1999
STATEMENT BY APPLICANT [ — _
First Named Inventor J. Howard Marshall, 11l
Group At Unit 2878
(use as many sheets as necessary) )
. Examiner Name Canstantine Hannaher
Shaet 1 of 1 Attomnaey Docket Number 6851-REO1
OTHER PRIOR ART - NON PATENT LITERATURE DOCUMENTS
) Incrode name of the author (In CAPITAL LETTERS), ttte of the aricie (when appropriate), Slie of the ilem (Dook,
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initaty Na. oountry where publshed.
A SUPPLEMENTAL DECLARATION OF JOHN R. RHODES IN SUPPORT OF DEFENDANTS'

MOTION FOR INVALIDITY OF U.S. PATENT NO. 4 889,043, fied October 11, 1998 in Unilad
States District Court, Southem District of Californis, Gamma-Metrics, Inc. v. Scantech Limitad, st
al., Casa No. $7-CV-176TTW (CGA)

[H

DECLARATION QOF JOHN R. RHODES N SUPPORT OF DEFENDANTS' MOTION FOR
INVALIDITY OF U.S. PATENT NO.4.685.043. filed August 17, 1998 in United Slates District
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97 CV-1767TW (CGA)
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[y

TRANSCRIPT OF THE CEPOSITION OF J. HOWARD MARSHALL, March 9, 1998, in Case No.
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371 ABSTRACT

In an apparatus for osutron-capture-bascd oa-line elemental
analysis of bulk subswnces, an imprived uniformity of
response of analytical measurcmens will maka the appacatus
less senitive to segregutiopa that accur in moving streams
of the bulk substance, The ipparatus jncorporates a mea-
suregent volume Raving a substantially-square crogs.
sactiop with rounded comers in the plauc perpendicular ta
the dircetion of flow in order to axctud: ihe bulk substance
from regions of unugual sepsitivides and to faclitate the
oricatation of the iostrument for mininum sensitivity to
seficgations in the bulk substance. Lhe apparaus also
includes a plurality of neulron sowces which cxposc the
analyzed bulk substance momentanly cuntained within the
sppamains to « flux of aetifrons. The appacatuy also provides
for the nse of gewwen reflectors to increass the newtron flux
near the aides of the measurement volu:ne, further improv-
ing the uniformity of measurement. The analyzed substance
capmres some of the neutrans by (n,y) 1cactions, producing
prompl gamma ys which are detecied to provide the
composition measurement. The wss ol multiple sources
causes (he peulron flux to tisc instesd of (il pear the sides
of the volurme coptaiving the bulk substance compared o the
center of the volume, and fux varistions cun be made to
cance] solid-aagle varintions to produce a tmore-uniferm
mspopse over 2 sibstantial portion of the meoasurement

- volume. Similady the usc of mulliple gummasray delootors

can also reduce these solid-angle varistiogs, improving
measurement uaiformiry, perticulacly il the mezsurement
valume is large becauss of material-flow requirements.

. ST INTLEE In
a Sk Tom
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»
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REEXAMINATION CERTIFICATE is located ouwside of the measurement virlume s described
ISSUED UNDER 35 U.S.C. 307 in enother application for a U.S. patsal, Ser. No, 808,106,

THE PALENT [S HEREBY AMENDED AS
INDICATED BELOW.,

Maticr encloscd in beavy brackets { ] sppexred in the
patent, but has been dejeted and Us no longer o part of the
patent; mitler printed tn (talics Indicates additions msde
to the patent,

ONLY THOSE PARAGRAPHS OF THE
SPECIFICATION AFFECIED BY AMENDMENT
ARE PRINTED HEREIN.

Column 2, lines 11-29:

One techoique offen used in indystria] eavironments for
clemenlal analysis involves Xeray [fluorcaenc] fluores-
cence. This technique relies on the fact that sach atom emits
X-rays with distinet and well-known eaergies when exlermul
radiations disturb its arbital elactrons, Unfortunately, milfur,
which is an intercating slement from ihe standpoinls of &ir
polinticn and catalyst poisosiug, emits mostly 2-keV
X-rays, which can oaly traverse about 0.1 mm of & typical
fusl. Imn, which is ope of the clements generaling lhe
highesi-onergy X-rays in coal, [roduces mostly a 8-keV
X-ray, which uso cagpot escape from any appreciable
amount of eaal or ather noagaseous fuel. Thus, the usc of
X-ruy Quorusceace for other than gascous malerials requires
either the preparation of very clean surfaces truly represep-
tatjve of the bulk malenl ar the vaporization of a sample in
an aimasphers which does pat confusc the messuwrsmeal. In
either case, 1 dificull sample-prapanation problem cotn-
pounds the errors associated with Xaray fluorescenes itself.

Columao 2, lines 48-59:

Nooslheless, ouclkear icchniques iT general reroain attrac-
tive beeauss they often can be automated and in principal do
Dot require actunl manipulation of the bulk materidl itself,
The problogs with X-ray fluorescence and wbuorption arise
pacdy because the [Axsaciatod] assueiared radiations 4rc not
sufciently penctrating. However, becauss the emergenic
gamma rays produced by the capture of theanal ssutrops
will pencirate over 100 mm of most fusls, an anatysis
techaique bascd oa them cam provide wa accufale,
contipuaus, on-line measurement of the slemental compo-
sition of bulk substances withouwt sampling.

Colump 3, lines 7-1%:

The above cmipbasis oo theamal aettrons roflects the fact
thal for moat elemnsats the cross section for neutron capture
is [spproxiaiely] approzimarely proportional to the recipto-
cul of the square root of the aeutron chergy. Thus, almost all
geutroa caphire oacurs at the fowes| aeyiron sgerpies, which
happen when the oeutrops are in thermal cquilibrivm with
the auclei of the [sunouding] surrcunding medium. As 1
result, the thermal-neulron-capiure cross secticos chaneter-
iZe 1he expecied prompl-gamma-ray spectrs, These gamma-
tay specira are patticularly amenable to simple theoretical
interpretation using well-known thermal-ncutron-captire
cross seclions, making automatic operation a feasible con-
cépl.

Columa 4, liges 30-43:

(o thesc prior-art instruments all of these [effcctive]
effectivaly mbined to make the sensitivity al he side of the
chutc on the gpposile side of the sourcs a3 the dotcclor
caasiderably ess than the sensilivity io the valume belweza
the sourex and the deleator. However, if the ncutron source

fled on Jupe 21, 1977 by the igvegtor berein, thea the
measuremeni cag be configed to the volume between the

s source and the detector, resulting in improved upiformity,

i

15

0

s

0

55

65
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However, ualess the techniques of this invention are also
employed, the uniformily of seasitivity may still be insuf-
ficient b measure accurately ssgregaucd, inhomogeneous
substapces.

Columo 5, hnes 18-32;

The flux at the Kides of the measuremenl volume can be
increascd by atill other means. For ¢xumpls, a smaller
measuremeni volume has a smaller scasitivily variation Lhan
onc with a larger cross-seclional ares. Climigating low-
sepsilivily regiops, such as the coroers of & coul chute, [rot
lbe measuremenl volume ulso impraves yuiformity, [n addi-
tion surrounding the memsursment volume with 2 material
which scatlers neulruns withoul absodiinyg many of them
will eflect poutrons back inio the meisugement volume,
thus increasing the fux at the sides and improving the
efficiency of aeutron usc, Typical pewron reflectors cooliin
[berrylicm, cacobon] beryiltum, carbon, 1 xygen or bismuth,
with the lattar also baving the advantape of being u good
absarber of background gumma rays.

Cotuma 5. lines 33-54:

Muking the sagsitivity unifortm alang (he source-del=ctor
direction is mors difficult, because the neutran Bux must be
allowed (o decrease substantially near the: detector, slthough
1 neulron-absorbing gamma-ray Window cap reduce the
requircd amount of this flux dzcrease as described in U.S,
[patzot application, Scr. No. 808,103] Purent No. 4,266,132,
filed on June [21] 20, 1977 by the inventor herein. Fortu~
pately in thix directios selid-aogle iod gamma-ray-
trangmoission effects teod to compensate for the Bux vars-
tiops reducing the sepailivity ooo-unilurmities, although
perfect cancellation of these effects can wily be fortujtous. In
addition as one of the techuiques of this invention, the
orieatation of the source-delector line cun be chosen to lie
along the direction of minimum copecniration variation,
reducing the inaacurces resuiting from :easitivity changes
withio the qieagurament volume. A symnetrical configura-
tion for the measurcment volume will then facilitate the
adjustrment of the instrument orieotation ia order to obtain
optimum aceuracies for noouniform matedals fJowing
through the instrument.

Column &, Liges 25-31:

For a better [zodrettanding] understanding of (be preseat
laveation, tagether with otber 2ad furthier objects thareof,
refereace is made 1o the following deseription taken in
conhection with the sacormpanying druwings in which pre-
fered cmbodiments of the inventiva e illustraicd, the
scope af the igvention being paivied oul ind vonleined 1o the
sppended claims.

Colamn 7, lines 3-1%:

In the cobodiment of FIGS. 1 and 2, the means for
coataining thc snelyzed substance annsvits of the liner 36,
which i{s parly surrounded by the bismutls jamma-ray shicld
20. Because hismuth bas a jow probability for neutrog
sbsorplion but docs scatier nowirons, thase pertiens of the
gamma-ray shield 20 oear the lier 36 jclect some of the
escaping ncutrons back ioto the measuremual volume 18. Ax
s result the gamma-ray shicld 20 als» acis a5 a ncutron
refloctor, which increascs the goutron flux along the sides of
the measurement volume 18 in order 1u improve measure-
ment uwaiformity and © usc the ocutrens more effcicotly.
Othcr clements besides bismuth are well known in the art to
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3
functios &5 goad geutron reectors, including feerrylium]
beryllium, oxyge, deuterium and carbon, and the usc of any
geutron-ceflecting slemeot for these purposcs forms a part of
this invenlion.

Column 7, lines 43-62:

The instrumeon also iochides seutrop-producing means
for providiag neutropa. in the embadimeat shown in FIG. 1,
said aeulon-produciog means consists of two source cep-
sules 10 and 12 conlaiging the isotope. Califormnm-2532. In
ather embodiments of this inveation the souree could ave-
tain differest isolopes, such as plutonium wmixed with
berylium, or could conin a pewtrog generaror, such s that
using the *H(d.o)*He reaction, Additionally the instrumeat
could eontain several other neutron sources, which could all
be the same type or could be various combipatioos of source
types. The [poutroeproducing] neutron producing means can
be lacated cither outside of the volume coptaining the bulk
substance to be analyzad, as shawm io FIGS. 1 and 2, or
within this volume. If soveral nsulroa sources ars present,
some of these sowrces may be within this metasuremont
volume, whik: other sources are eSternal thersto, The prin-
ciples formiog 8 pert of this investion spply to all of these
variations of the smbodiment shown in FIGS. 1 20d 2,

Column 3, lines 29-45:

Whan the gunma rays intenct in the gamma-ny delecior
24, oy produce alectrical signals indicative of lheix coergy.
The sansor ajectronics 26 convert these efsctrica] signals
into digital information, which is Fansmilicd ever ua ioler-
coppecting cablc 28 to the display console 30, The display

]

10

k]

consolc 30 procesecs this information using the [ect thal ¥

neulren capnyre produces an cnergy [specturm) specerum
which depends vn the amounts of the various clements
caplurioy the peutrons, The resull of Lhis processing is
informadon concermog the relstive conccatrations of the
various clemeats of intetest in the measuremenl volume 18
and any olher properties, such ai depsily, whish may be
usefully obtained from the mcasured spectrum. The inter-
face betwecn the sepsor clectronics 26 and the display
consale 30 anx{ the methods used therein also do oot form o
pacl of this invantion.

AS A RESULT OF REEXAMINATION, IT HAS BEEN
DETEXMINED THAT

Claims 1, 2, 4 and 7 arc delermined (o bs patentable s
ameaded.

Claims 3, 5, 6 and 8, dependent an 10 amended claim, are
determized {0 be patentsbic.

New claims 9«17 are added and delermined (o be prient-
tble,

L. An [improved] apparatus for the oa-line amalysis of the
composition of £ bulk subsiance i a measurement valume,
wherein suid amalysis ioctudes the production sad capture of
neutrons and the detection of the resulling capture garnma
rays, said appanuus oorgprising, in combinstion:

(a) means for containing the bulk substance to be
analyzed, 5aid weans compriting a bulk substance
receiving passageway substamiially square in cross-
saction having fiet, second, third and fourth interoon-
necled sides s2id mpeans for containing the bulk sub-
slance being at least panly sureouaded by a neuyen-
reflecting substance;

(b) aeutron-producing mecaas for providiog nedtrons
which gepcrate gamma rays by neutron-capturc reacs

k}H

0

LH

L'1]

21

4
toas with the uusle in the bulk subsiapee being
analyzed, the peutron-producing muuns being operably
associawed with the means for cuntaiping the bulk
substance; aut

(c) mecans [or gamma-ray detection uperably assaciated
with the neutrop-producing means und the meags for
containing the bulk substance beiog malyzed, the
meaus lor [gammaray] gamma ray detoction producing
slactrical sigaals jpdicative of the .\ mma-ray coergics
to provide for the measurement of the eacrgy spectium
of the capfure gxmma rays.

2. Ao wppuratus as defined jo claim 1 in which said
neutrng-prodilcing means comprises 1 par of neulron
souscas locaied cxtermally of said passageway pear the
coroers of seid st side thercof wheychy the peutron fux
produced is relativcly higher aloag the sides of said pas-
sageway disposed perpendicular 10 said lirst side hereof a8
campared with that produced by ane sunrce [diposcd] dis-
posed cxieriorly of said pussageway a1 2 location cquidistant
Gom said corners of said first side.

4. An [improved] spparatus for the on-line analysis of the
compowition of a bulk substagce fowing through 2 mea-
sirement volume, whercin said analysis inchides e pro-
ductien and caplure of aeutrons and ihe detection of the
resulting capture gamma rayy, said apparalut comprising, in
combination:

(1) mecans for conwiniag the bulk substuncs o' be
analyzed, s1id means comprising an clongated peassge-
way adaplad 10 conain said bulk substance s it Jows
(hrough said spparatus, said pussapcway being st least
pacily surrotinded by a neutron-rellccting wubstence;

(b) neutrou-producing means for providing oeutons
which generale gamme nuys by nculron-cupture reac-
tions with the nuciei in the bullc substance bang
wnalyped, said neuron-producing means comprising at
Isast onc peutron source loculed cxismally of said
passageway;

(v) means for gamma-ray detectioa vperably associated
with the ceulron-prodiicing meaos and the means for
maotiining the bulk substance bicing anilyzed, the
weans for ganma-ruy delection producing clectrical
signaks ipdicative of the gamma-ray uoergias to provids
for the msasursment of the enenyy spectrum of the
captire gamsba fuys, stid means comprisng a least
one gamma-ray detectar disposel cxwrnally of said
passagewsy.

7. An appuatus s defined in claiti 4 in which said

essugewsy s subsiagtislly rectapgulir in cross-saction
fwl'.t] with the cormers theroof roundad © direet the flow of
the bulk subsiance toward said region «f maximum sonsi-
tivity.

9. An apparatus for an-linz clementu! analysic of a bulk
substance comprising a plurality of elememis flowing
through a measurement volinc within rhe dgparatus, the
apparalus comprising.

an eclongated passageway extending through the
apparaius, the pasagewsy adapted to enclose the
measurement volume and divect the bulk substance
flowing through the maasuremeni \olume;

a newtron-reflecting substance at leav partislly surround-
ing the passageway adjacent the measurement volums;

at least one newrron source dispased citernal fo a source
side of the passapeway for praviding thermal ntumrons
which [nleract with nuclei of the :lements in the bulk
substance within the measuremen volume to generate
prompt gamma rays having a pluralicy of energies; ond
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at least one gamma ray detecror disposed external io a
detecior side of the passageway oppesite the sourca
side, the gamma rdy detecror produciag elecrrical
signols Indicarive of the plurality of snevgier of the

prompl gamma rdys o provide for measurement of an s

enargy specirum of the prompr gamma rays corre-
sponding te the plurality of elements within the buik
malerial

10. The apparatus of claipi 9, wherein the measurenan:

6

12, The apparancs of claim 9, wherein [he at least one
neutron sources comprises @ weutron genarator,

13. The apporatuy of claim 9, whenvin the at least one
detector comprisey a multi-dotector arvity,

14. The apparatus of claim 13, where (he multi-dectector
qrray comprises ar least rwa sodium Lodide crysals.

15, The apparamus of claim 9, wherein the nattron-
reflecting substance is selected from the group consisting of

volume has a four<cornered crass-section and the af 12338 10 pismunh hevyliium, oxygen, deuterium and carbom,

ONE ReUITON SOUICE CamETISES Iwo AEKITON Source capsulcs
disposed ar locations corresponding to two comers of the
meusurement volume on the source side of the passageway,
gach source capsule comtaining a metlron-prodycing iso-
ro

plcl-’. The apparetus of claim 10, wherein the nawiron-
producing isotope (s californium-252.

6. The apparatus of claim 9, wherain rhe passageway is
a chute having a substenriaily square cniss-section

17, The apparorus of claim 9, wherein the passageway is
15 o chute having a substantially rectangulir cross-section.
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(57 ABSTRACT

In a bulk material snalyzer in which bulk material is
received in an activation region between a pair of neutron
sources laterally disposed oo one side of the activation
region for emitting neutrons for bombarding the bulk mate-
rial within the activatiog region 0 causs gamma-ays to be
emitted from the bombarded bulk material and a pair of
gamma-ray detectors laterally disposed on another side of
the activation region for detecting gamma-rays cmitted from
the bulk matexial a primary neutron moderator is disposed
about the neutron sources for reducing the velocity of the
cmitted neutrons; and a secondary peutron moderator is
disposed about the primary aeutron moderator for further
reducing the velocity of the neutrons and is further disposed
adjacent the lateral edges of the activation regioa for chan-
neling and reflecting the neurons into the activation region.
The two gamma-ray detectors are disposed toward opposite
lareral edges of the activation region. with each detectar
being skewed so that u portion of cach detector that is closer
to the edge of the activation region toward which the
detector is disposed than to the lateral centar of the activa-
ton fegion is disposed closer to a plane passing lateraily
through the cegter of the ativation region thas is another
portion of cach detector that is closer to the iateral center of
the activation region than to the edge of the activation region
toward which the detector is disposed. Spatial compensators
are disposed adjacent the same side of the activation region
a5 the detectars for reflecting pevirons oward the activation
region 1 & greater deasity toward opposite [ateral cdges of
the activation region thag toward the center of dhe activation
region. Bladders containing a liquid primary neutron mod-
crating material that cxpands and contracts with temperature
variations. such as heavy watey, are tightly packed within 2
compartment for maintaining a substantial quantity of the
liquid material between the neutron sources and the activa-
tion region notwithstanding thermal contraction of the liguid
material; and a resijient compressible foam is disposed about
the bladders for enabling the tight packing of the liquid
matcrial to be maintained potwithstanding expantion and

coatraction of the liquid material
9 Claims, 2 Drawing Sheets
e 16 i
LT

a 42

\\w

28

‘ 9
24 W \\H‘

EXHIBIT D
PAGE 28



Case 3:00-cv-00701-L" -LAB Document 34 Filed 07/10/00 Page 34 of 40

5,732,115
Page 2
U.S. PAYENT DOCUMENTS 4682043 /1987 Mashall .. ... 36159
4309172 /1989 Hopkinsoo et A oo 378/90]
3631247 121971 -Barton, & oo e 250833 R
3'79.‘::43 IS BB v ssmm e semerne. 23392 5076302 121991 Kitaguchi et al. oo 2097589
31881110 #1975 H ) 250/360 5098640 31992 Gozani et d. .. 76159
31389112 1975 Holmes et al. .ooueuercrmnee JTH1S9 5124354 61992 Fowler et al, s IT64159
4008267 1977 Christdl et al. - 230359 5144140 91992 Allysometal oo 316159
4041315 81977 Hounsfied .. . 2506360 ) -
5153439 10192 Gozspi et al. v ceoeen... STHILSS
4314055 V1982 SOWEDY .omrsemmrmerememe 2304390
4582992 41986 Atwell st al cooomomernonen 376159 5162095 111992 Alegre et ol oo - 376139
4672648 61987 Maosonetal oo . 3784 5162096 1171992 GOZRDE —omicsciomrm e FI6/159
EXHIBIT D

PAGE 29



Case 3:00-cv-00701-L -LAB Document 34 Filed 07/10/00 Page 35 of 40

U.S. Patent

Mar. 24, 1998

Sheet 1 of 2

PAGE 30

N2
% -*IEE‘Z‘N
Nz~ S\
22\‘\35— ' RPN
20 AN
Nzo
FIG. 2
EXHIBIT D

5,732,115

42



Case 3:00-cv-00701-L -LAB Document 34 Filed 07/10/00 Page 36 of 40

U.S. Patent Mar. 24, 1998 Sheet 2 of 2 5,732,115
10
L7,
%
28
FIG. 3
26 - ___/-_' 34
32*M// —t—— 36
A0
24 ) 20
18 &/~
42 22
28
62~ 62
ERENEOENE STy 58
................. /
P 20
_____ - 4
58 /
’ 18
5 /
64 5 42
1 64
A
—————————— /
A
A FIG. 4
58
EXHIBIT D

PAGE 31



Case 3:00-cv-00701-L -LAB Document 34 Filed 07/10/00 Page 37 of 40

5.732,115

1

ENHANCEMENT OF MEASUREMENT
ACCURACY IN BULK MATERIAL
ANALYZER

This is a continwation of application Ser. No, 08/089.274
filed on Jul. 9, 1993, sow abandoned.

BACKGROUND OF THE INVENTION

The preseat inveation generally pertains to bulk material
analyzers and is particularly directed to improving the
spatial uniformity of gamma-ray detection in bulk material
apalyzers of the type in which the bulk material is bom-
bardad by neutrons within ap activation region.

Bulk material analyzers are used to measure the elemental
content of bulk materials, One rype of bulk material analyzer
includes one or more neutton sources and one or more
gamma-ray detectors. When the bulk material within an
activation region between at least one neutron source dis-
posed on ane side of the activation region aad at least ane
gamuna-ray detector disposed oo apother side of the activa-
tion region oppotitz from said cae side is bombarded by
neutrons, secondary ermissions of gamma-rays ate proguced
from the bulk material and detected by the gamma-ray
detector(s). The gamma-ray detector(s) produce signals
which are processed to provide an indication of the clemea-
tal content of the bulk materisl Different characteristic
gamma-ray caergy spectra are produced from differsnt ele-
ments in the bulk material, By processing detected signals
that are indicative of the gamma-ray spectrum. 3 measure-
ment is provided of the quantitative clemental coatent of the
bulk material, This measurement process is known in the art
as prompt gamma-ray neutron activation analysis
(PGNAA).

In pror art bulk material analyzers, the response of the
gamnaa-ray detectors to gamma-ray emission from different
areas of 2 qoss-sectional profile of the activation region is
exttemely non-uniform, with said response being less for a
given quantity of z given bulk material located oear the
edges of the activation region than for the same given
qquantity of the same given bulk material located at the center
of the activation region. Therefore, the measured quantity of
a given clement within a non-homogencoys bulk material is
dependent upon the partictlar location of such given ele-
ment in a cross-secrional profile of the sctivation region.

SUMMARY OF THE INVENTION

The present invention provides a bulk material anaiyzer i
which measurerment acouracy is enhanced by improving the
spatial vniformity of responss by the gamma-ray detecsor(s)
to gamma-cay emission from differest areas of 2 cross-
sectional profile of the activadon regiou.

The present invention provides a bulk material analyzer in
which bulk material is received in an activation regica
between at least one pentron source and a1 least one gamma-
ray detectar, comprising & coaveyor belt having upwardly
and qutwardly extended sides, a container having surfaces
defining said activation region, whercin the container sur-
faces further dofine a passageway for chabling bulk matezial
to be mansported through said activation region oo the
conveyar beit; at 1east ane neutron source disposed within
the contaiper beneath the passageway on ope side of the
activation region for emitting neutrons for bombarding bulk
material being transported on the conveyor belt through said
activation region o causc gamma-rays o he entitted from
said bombarded bulk material; at least one gamma-ray
detector disposed within the container above the passageway

53
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on another side of the activation region opposite from said
one side for detecting gamma-rays emitted from said borz-
barded bulk material; a primoary veutron moderator disposed
about said peutron source(s) for reducing the velocity of said
emitted neuwons; and a secondary peutron moderator dis-
posed about the primary acutron moderator for further
reducing the velacity of said seutrons and further disposed
adjaccnt said one side of the activation region at which the
neutron source(s) are disposed, for channeling and reflzcting

10 said neutrons into said activation region, wherein a lower

portion of he passageway-defining surfaces define a rough
having upwardly and ourwardly extended sides adjacent said
activation region for aradling the conveyor belt; and wherein
the secondary neutron moderator js further disposed adja-

15 cent the sides of the trough for channeling and reflecting said

neutrons into said activation region.

The spatial uniformity of response of the detectors to
gamma-ray emissioa from different areas of various aoss-
sectional profiles of the activation region is further improved

I by providing at zase two neutToa sources and/or at lezst two

gamma-ray detectors, Preferably, there are two neutron
sources, which are separated laterally from the center of said
oae side of the activation region, and two said gamma-ray
detectars, which arc disposed toward opposite ends of said

I other opposite side of the activation region, with each

detector being skewed so that a portion of cach detector that
is cdoser 1o the end of said othet opposite side toward which
said detector is disposed than to the ceater of taid other
opposite side is disposed closer said one side of said

30 activation region than js another portion of each detectar that

is closer to said center of said other opposite side than to said
end of said other opposite side toward which said detectar is
disposed.

The spatial uniformity of response of the detectors to
gamma-ray emission from different areas of varicas cross-
sectional profiles of the activation regioa is still further
improved by providing spatial compensating raeans dis-
posed adiacent said other opposite side of the activation
region for reflecting neutrons toward said activation region
at a greater depsity toward oppositc sods of said othar
opposite side than toward the ceater of said other opposite
side; and includieg ueutron moderating material respec-
tively disposed over the detectors for reflecting neutrons
towsrd sajd activation region in accordance with proximity

*3 to the center of said other opposite side of said activation

region, with said reflection increasing in a direction away
from the conter of said othar opposite side.

The spatial unifoemity of response of the detectors to
gamma-ray emission from different areas of a cross-
sectional profile of the activation regios is also improved by
providing a tertiary neutron moderatar disposed about the
secondary neutron moderator for further reducing the veloc-
ity of said pewrons and for reflecting said oeugons izto the
sceondary neutron rmoderator, and for isciating the second-
ary seutron moderator from the radiation shielding material.
The tertiary oeutron moderator is also disposed adjacent
radiation shielding material within the coatainer for isolsting
the secondary peutron moderstor from the radiation shield-
ing material

Additional features of the present invention are described
in reiation to the detailed descaripdon of the prefared
erobodiments.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a perspective view illustrating a prefared
embodiment the bulk mareial apalyzer of the preseat inven-
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tion with a conveyor belt transporting buik material hrough ~ prevent detection by the detectors 16 of gamma rays sec-
the material analyzer assembly. ondarily emitted from within the gamma-ray detectors 16 as

FIG. 2 is a sectional clevation view taken along lines 2-—2
showing the construction of the bulk material apalyzer
adjacent the activation region.

FIG. 3 is a sectional efevation view aken aloag lines 3—3
further showing the construction of the bulk material ana-
lyzer adjacent the activation region.

FIG. 4 is an enlarged sectional clevation view taken in the
same plane as FIG. 3 showing the portion of the bulk
rmaterial anatyzer that includes the primary neutron modera-
tor.

DETAILED DESCRIPTION

Referring to FIGS. 1. 2 and 3. a prefered embodiment of
a bulk material analyzer according to the present invention
includes a container 14, a data processor (not shown) Within
a separate housing 12, 2 pair of neutron sources 14. a pair of
gamma-ray detectors 16, & gamma-ray shicld 18, a primary
peutron moderator 28. a secondary neutron moderator 22. a
tertiary neutron moderator 24, spatial corapensators 26, 27
and radiadion shiclding material 28.

The cootainer 19 has interior surfaces 30, 32 defining an
activation region 3 between the peutron sources 14 and the
gamma-ray detectors lé. A lower portion 3¢ of the
passageway-defining surfaces 3, 32 defines a mough 3
having upwardly extended sides adjacent the activation
region 34. The coatainer surfaces 30, 32 further define a
passageway 36 for cnabling bulk material 38 to be trans-
ported through the activation region 34 on a conveyor belt
.

The neutron sources 14 are disposed within the costainer
10 beneath the passageway 36 ca one side of the activation
region 34 for cmitting ncurons for bombarding bulk mate-
rial 38 being transparted oa a coaveyor belt 48 through the
activation region 34 1o cause gamma-rays to be emitted fom
the bombarded bulk material 38. The neutron sources 14 are
inserted through a tubular neutron source cavity 42 in the
coatainer 14 into selected positions beneath the passageway
6. and arc separated laterally on opposite sides of the
longitudinal axis of the passageway 36. The neutron sources
16 are inserted into the neutron source cavity 423 through a
door 44 in the container 10. Latera] separation of the aeutron
sources 14 suppresses die response of the gamma-rey dotec-
tors 16 1o a given quagtity of a given bulk material 38
located at the center of the activation regicn 3.

The gamma-ray detectors 16 are disposed within the
contaiper 18 above the passageway 36 on another side of the
activation region 34 opposite from the one side for detccting
gamma-rays emitted from the bombarded bulk material 38.
The gamma-ray detectors 16 are inserted through detector
cavities 46 in the container 1¢ into selected positions above
the passageway 36. The gummae-ray detectors 16 are inserted
into the detector cavities 46 twough hatches 48 in the
container 18, Signals produced by the gamma-cay detectors
16 are provided by clectrical cables 50 to the data processor
within the housing 12.

The gamma-ray shield 18 iz a heavy metal which is
disposed within the container 19 about the neutron sources
14 for shielding the detectors 16 from gamma rays emitted
from the geutron sources 14 50 a3 1 minimize detection by
the detectors 16 of gamma rays from other than the bulk
material 38 in the activation region M.

A neutroa shicld $2 is disposed aboX cach gamma-ray
detector 16 for the detectors 16 from stray neutrons 5o as to

15
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result of bombardment by ncutrons of materials within the
gamma-ray detectars 16.

The primary neutron moderator 20 is disposed about the
neutron sources 14 for reducing the velocity of the neutrons
emitted from the ocutron sources 14, Reduction of neutron
velocity enhances capture of the peutrons by the bulk
material 38 50 as to produce gamroa-ray emission from the
buik material 38.

The secondary neutron moderator 22 is disposed about the
primary ocutrop moderator 28 for further reducing the
velocity of neutrons cmifted from the neutron sources 14.
The secondary moderator 22 is further disposed adjacent the
sides of the trough 38 for channeling and reflecting the
slower neutrons into the activation region 34 to thereby
enhance the response of the gamma-ray detectors 16 for a
given quantity of a given bulk material 38 located near the
odges of the activation region M.

The portion of the Tough 3 adjacent the primary mod-
erator 20 and the secondary neutron moderator 22 is made
of a neutron trapsmissive material that enables the peutrons
to diffuse into the activation region 3 from the primary
moderator 20 and the secondary neutron moderator 22,

The tertiary neutron moderator 24 is disposcd about the
secondary neutron moderator 22 and adjacent the radiation
shielding material 38 for further reducing the velocity of the
pewrons, for reflecting the neutrons into the sccondary
neutron moderator 22, and for isolating the secondary neu-
tron moderator 22 from the radiation shiclding material 28.
which would absorb the neutrons, rather thap reflect the
geutrons.

The two gamma-ay detectars 16 are disposed toward
opposite ends of the other opposite side of the activation
region M, with each detector 16 being skewed so that 2
portion of each detector 16 that is closer 10 the ead of the
othes opposite side toward which the detectar 16 is disposed
than to the center of the other opposite side is disposed
closer to a planc 54 parallel to the other opposite side and
passing through the center of the activation region 34 than
is another partion of each detector 16 that is closer to the
ceiter of the other opposite side than to the end of the other
opposite side toward which said detector 16 is disposed.
Such skewing of the gamma-ray detectors 16 further
entances the respoase of the gamms-ray detectors 16 for a
given quantity of a given bulk material 38 located pear the
edges of the activation region 34, and also suppresses the
response of the gamma-ray detectocs 16 to said given
quaptity of said given bulk material 38 located at the center
of the activation region 34,

Still additional cnhancement of the respomse of the
gumma-ray detectars 16 for a given quantity of a given bulk
material 38 located near the edges of the activation region
M. and suppression of the response of the gumma-iay
detectors 16 to said given quantity of said given bulk
material 38 located at the ceater of the activation region 34
is provided by the spatial compensators 26, which are
disposcd aear the edges of the activation region M 2ad the
spatial compeasatars 27, which are disposed over the ends
of the gamma-tay detectors 16 that are adjacent the activa-
tion region 34.

In ose embodiment, in Which the spatial compénsatars 26,
7 are primanily aeutron modersing material, the spatial
compensators 26, 27 arc disposed adjacent said other oppo-
site side of the activation region 34 for reflecting peutrons
towsrd the activation region 34 at a greater deasity toward
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opposite ends of the other opposite side than toward the
center of the other opposite side. The spatiai compensatars
27 are wedges of scutron moderating material baving a
thickness that increases in a direction away from the center
of the other opposite side of the activation region M, as
shown in FIG. 2.

In an alternative embodiment, the spatial compensators 27
are respectively disposed over the gamma-ray detectors 16
for gradually atenuating gamma-ray detection by the detee-
tors 16 in accordance with proximity to the center of the
other opposite side of the activation region 3, with said
attenuation increasing in a direction toward the center of
said other opposite side. The spatial compensators 27 are
wedges of gamma-ray absorbing material having a thickness
that decreases in 2 direction away from the ceoter of the
other opposite side of the activation region 34, which is the
opposife from that which is shown in FIG. 2 for the
geutron-reflecting material wedges.

The number of neutron soarces 14 and the pumber of
gamma-ray detectoey 16 is dependent upon the width of the
activation region 34, and may be increased beyond two
seutron sources 14 and two gamma-tay detectors 16 as
reqaired to optimize the spatial uniformity of response by
the gamma-ray detectors 16, The equivalence of two or more

Deutron sources 14 and/or (wo of more gamma-ray detectors ..

16 can be provided by rapid reciprocal movement of ooe
neawon source M apd/or omc gmmma-ray detector 16,
respectively, between two or more locations.

The spadal uniformity of response of the gamma-ray
detectors 16 to gamma-ray emission from different arcas of
a cross-sectional profile of the activation region 34 is alsg
depeadent upon the aross-scetional profile of the bulk mate-
rial 38 ca the coaveyor belt 40 within the activation region
M, a1 defined by the depth of the bulk marerisl 38 a
different lateral potitions of a cross-section parmal o the
direction of movement of the coaveyor beit 48, as shown in
FIG. 2. Accordingly, the disposition of the neutron sources
14 within the neutron source cavity 42 aad the disposition of
the gamma-ray detectors 16 within detector cavitics 46 may
be adjusted in accordance with the cross-sectional profile of
the bulk material 38 on the delt 40 within the activation
region M.

In onc embodiment, 3 profile of the bulk maerial 38
within the activation region M iy determined continuocnsly
as the bulk material 38 is being transparted by the coaveyar
belt 40 through the activation region 34; and the disposition
of the neutron sources 14 and/or the disposition of the
gamma-ray detectors 16 are dynamically adjusted in accor-
dance with sid determined profile. Said profile is deter-
mined by the data processor in the housing 12 ip respoase to
signals provided by a seasing apparats 56 disposed in
advance of the activation region 34 in the direction of
movemeat of the coaveyor belt 40; and the dam processor
controls positioaing spparatus {not shown) within the con-
tainer L2 to dynamically adjust the disposition of the neutron
sources 14 and/or the dispotition of the gamma.ray detectory
16 in accordance with said datermined profile 3o that whea
the bulk material 38 having the profile determined at the
position of the sensing apperstus %6 reaches the activation
region M, the pcutron sources 14 and/or the gamma-tay
detectars 16 are so disposed a3 to optimize the spatial
watformity of the response of the gamma-ray detectars 16,
The scasing apparatus 56 may include any commoaly
Inown distance and dircction sensing means such as radar,
sonar, ot laser beam range finding equipment,

In one peeferred embodiment, the primary acutron mod-
erator 28 includes a liquid material, such as beavy water

55
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D0, that expands and coutracts with variations in tempers-
ture. In this embodiment, the container 19 includes a set of
sidc and bottom walls 58 of secondary neutron moderating
material defining ¢ compartment 68 for contaiging the liquid
primary moderator material 20, as shown in FIG. 4. A pair
of bladders 62 containing the liquid material 24 are disposed
by being tightly packed within the comparrment 60 for
maintaining a substantial quantity of the liquid primary
moderator material 28 between the neutron sources 14 and
the activation region 34 nocwithstanding thermal contraction
of the Liquid primary moderator material 20. The bladders 62
are contoured to fit tightly around the gamma.ray shicld 18,
A resilieat corpressible mmarerial &4, such a5 2 dased cell
foam is disposcd about the bladders 62 for casbling such
tight packing of the Liquid primary moderator material 24 to
be maiptained notwithstanding expansion and contraction of
the liquid material 20.

We claim:

1. A bulk material analyzer in which bulk material is
received in an activation region between at least one geutron
source and at least one gamma-ray detector, compeising

2 conveyar belt having upwardly and outwardly extended
sides;

a cogtainer baving surfaces defining said activatiop
region, wherein the container sufaces fugther define a
passageway for enabling bulk material to be trans-
ported through said activation region on the comveyar
belt;

at least ope neutron source disposed withio the container
beneath the passageway on one side of the activation
region for cmitting aeutroas for bombarding bulk mate-
rial being transported on the conveycr belt through said
activatiop region to cause gamma-rays to be emitied
from said bombarded bulk material;

at least one gamma-tay detector disposed within the
container above the passageway on another side of the
activation region opposite from said oae side for detect-
ing gamma-rays emitted from said bombarded bulk
material;

& primary neutroa moderator dispesed about szid qeutron
source(s) for reducing the velocity of said emitted
neutroas; and

a secondary neutron moderator disposed about the pri-
mary neutron moderator for further reducing the veloc-
ity of said ncutrons and further disposed adjacent said
one side of the activation region at which the geutron
source(s) are disposed, for channeling and reflecting
said peutrons into said activation region,

wherein a lower portion of the passageway-defining sur-
faces define a trough having upwardly and omtwardly
extended sides adjacent said activation region for aa-
dling the conveyor belt; and

wherein the secondary neutron moderator is further dis-
posed adjacent the sides of the rough for channeling
and reflecting sajd neutrons into said activation region.

2. Abulk material analyzer according to claim 1, wherein
two said gamma-ray detectars are disposed toward opposite
ends of said other opposite side of the activation region. with
each detector being skewed so that a porrion of each detector
that is closer to the end of said other opposite side toward
which said detoctor i disposed than to the center of said
ather opposite side is disposed closer to said one side of said
activation region thag is asother portion of exch detector that
is closer to said cemter of said other opposite side than to said
end of said other opposite tide toward which said detectar is
disposed.
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3. A bulk material analyzer accarding to claim 2, further
comgrising

a pair of spatial compessators including neutron moder-

ating material respectively disposed qver the detectors
for reflecting newtrons toward said activation regiou in
accordance with proximity to the center of said other
opposite side of said activation region. with said reflec-
tion increasing in a direction away from the center of
said other opposite side.

4. A bulk material analyzer according to claim 3, wherein
there arc two said geutron sources, which are separated
laterally on opposite sides of the loogitudinal axis of the
passageway.

5. A bulk material analyzer according to daim 1. further
comprising

spatial compensating means disposed adjacent said other

opposite side of the activation region for reflecting
peutrons toward said activation region at a greater
density toward opposite ends of said other opposite side
than toward the center of said other opposite side.

6. A bulk material agalyzey acoording to claim 1. wherein
there are ar least two said 5o disposed neutroa sources and
at lcast two said so disposed gamma-ray detectars.

5

8

7. A bulk material analyzar according to clzim 1, further

ising

radiation shielding material disposed within the container;

and

1 lertiary neutron moderator disposed about the secondary

peutron moderator and adjacent the radiation shielding
matexial for further reducing the velocity of said
neutrons. for reflecting said acutrons into the secondary
neutron moderatos, and for isolating the secondary
peutron moderator from the radiation shielding mate-
rial.

8. A bulk material analyzer according to claim 1. wharein
there arc two said neutron sources, which are separated
laterally on cpposile sides of the longitudinal axis of the
passageway.

9. A bulk material analyzer according to claim 1. wheretn
a portion of the trough adjacent the primary peutron mod-
erator and the secondary neutron Mmoderator is made of a
fneutron transmissive material that enables said ncutrons to
diffuse into said activation région from the primary neuzon
moderator and the secondary ncutron moderator
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