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Description 

BACKGROUND 

The  present  invention  relates  to  systems  for 
detecting  the  presence  of  concealed  materials,  and 
in  particular  to  such  a  system  which  uses  gamma- 
ray  induced  X-ray  fluorescence  and  a  scanning 
spectroscope  to  detect  the  presence  of  specific 
materials  in  concealed  locations  such  as  luggage 
or  other  containers. 

The  use  of  X-rays  to  detect  or  examine  the 
contents  of  luggage,  packages  and  the  like  is  well 
known.  Such  systems,  however,  are  only  capable 
of  detecting  the  presence  of  high  density  elements 
such  as  steel,  lead  and  the  like.  Many  materials 
including  drugs  and  conventional  explosives  con- 
tain  low  density  elements  which  cannot  be  de- 
tected  with  current  X-ray  systems. 

It  has  been  proposed  to  use  fast  neutron  ac- 
tivation  of  concealed  materials  for  the  detection  of 
low  density  elements.  It  is  known  that  some  ele- 
ments  like  nitrogen  produce  an  isotope  that  emits  a 
beta  decay  positron  which  in  turn  reacts  with  an 
electron  producing  a  511  keV  annihilation  gamma 
ray.  However,  the  resulting  nucleus  that  produces 
these  positrons  has  a  half  life  of  about  ten  minutes. 
This  creates  problems  since  even  after  one  hour 
the  radioactivity  of  the  sample  has  dropped  by  only 
a  factor  of  5.  Further,  even  using  high-flux  fast 
neutron  sources,  the  resultant  count  rate  of  the 
emitted  gamma  rays  is  sufficient  only  to  determine 
the  presence  of  a  particular  element  in  a  sample 
and  not  to  get  its  spatial  distribution.  To  produce  a 
spatial  distribution  picture  requires  a  long  period  of 
time,  typically,  in  excess  of  one  hour.  Such  sys- 
tems  require  the  use  of  complex  technology  and 
are  expensive. 

A  system  according  to  the  first  part  of  claim  1 
is  known  from  US-A-  4  839  913. 

It  is  the  object  of  the  present  invention  to 
provide  a  system  that  detects  low  density  materials 
concealed  in  articles  such  as  luggage  and  contain- 
ers  and  the  like,  which  is  capable  of  producing  a 
real-time  detection  of  such  materials  and  is  capable 
of  providing  a  spatial  distribution  or  picture  of  these 
materials. 

This  object  is  solved  by  a  system  having  the 
features  of  claim  1  . 

The  system  incorporates  a  gamma  or  X-ray 
source  such  as  an  X-ray  tube  for  irradiating  the 
body  with  gamma  rays  to  produce  X-ray  fluores- 
cence  of  materials  contained  therein.  A  directional- 
ly  discriminate  X-ray  detector  arrangement  is  posi- 
tioned  to  intercept  X-rays  emitted  from  the  body 
and  which  passes  only  those  X-rays  having  a  pre- 
determined  wavelength  characteristic  of  a  material 
of  interest  and  from  a  specific  direction.  The  detec- 

tor  arrangement  comprises  a  single  crystal  material 
that  passes  X-rays  in  accordance  with  the  Borr- 
mann  effect.  A  typical  crystal  comprises  single- 
crystal  dislocation-free  silicon,  for  example.  A  sec- 

5  ond  crystal  may  be  disposed  in  an  axially  offset 
position  relative  to  the  first  crystal  to  receive  the  X- 
rays  transmitted  by  the  first  crystal  for  discriminat- 
ing  X-rays  emanating  from  different  materials  and 
hence  remove  ambiguity.  There  may  be  means  for 

io  varying  the  angle  of  incidence  of  the  transmission 
surface  of  the  first  crystal  with  respect  to  the  sec- 
ond  crystal,  and  means  for  measuring  the  intensity 
of  the  X-rays  radiated  by  each  material  out  of  a 
plurality  of  known  materials. 

75  A  specific  embodiment  of  the  invention,  a  plu- 
rality  of  the  crystals  are  arranged  in  a  linear  array 
and  the  container  is  either  scanned  with  the  array 
or  the  container  passed  linearly  past  the  array.  The 
detected  X-rays  are  measured  in  intensity  and  the 

20  data  is  processed  by  suitable  data  processor  to 
generate  a  video  image  indicative  of  the  presence 
and  shape  of  the  specific  materials  for  which  the 
system  is  adapted  to  detect.  In  yet  another  specific 
embodiment  of  the  invention,  a  plurality  of  such 

25  arrays  may  be  arranged  with  the  input  surfaces  of 
the  crystals  disposed  at  different  Bragg  angles  to 
simultaneously  detect  the  presence  of  a  selected 
group  of  materials. 

It  is  therefore  a  feature  of  the  invention  to 
30  provide  a  system  for  detecting  the  presence  of 

specific  low  density  materials  concealed  within  a 
container  in  real  time.  It  is  another  feature  of  the 
invention  to  provide  such  a  system  for  detecting 
gamma  ray  induced  X-ray  fluorescence  of  low  den- 

35  sity  materials.  Still  another  feature  of  the  invention 
is  to  provide  a  system  that  incorporates  elongated 
dislocation-free  single  crystals  for  selectively  trans- 
mitting  X-rays  of  predetermined  wavelength  to  a 
detector,  the  wavelengths  being  characteristic  of 

40  specific  materials  of  interest.  Yet  another  feature  of 
the  invention  is  to  provide  a  system  that  incor- 
porates  an  array  of  crystals  arranged  in  a  linear 
array  and  adapted  to  scan  a  container  to  provide  a 
visual  image  indicative  of  the  shape,  size,  and 

45  location  of  specific  materials  within  the  container  in 
real  time.  Yet  another  feature  of  the  invention  is  to 
provide  a  system  that  is  relatively  inexpensive  and 
which  can  be  operated  without  creating  unnec- 
essary  radiation  risks. 

50 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  various  features  and  advantages  of  the 
present  invention  may  be  more  readily  understood 

55  with  reference  to  the  following  detailed  description 
taken  in  conjunction  with  the  accompanying  draw- 
ings,  wherein  like  reference  numerals  designate 
like  structural  elements,  and  in  which: 

2 
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FIG.  1  is  a  perspective  diagram  of  the  detector 
system  in  accordance  with  the  principles  of  the 
present  invention; 
FIG.  2  is  an  illustration  of  a  typical  crystal  and 
intensity  detector  in  accordance  with  the  inven- 
tion  shown  in  conjunction  with  a  data  processing 
system;  and 
FIG.  3  is  a  diagram  showing  the  arrangement  of 
a  plurality  of  crystals  for  use  in  scanning  a 
container  and  providing  a  real-time  image  of 
specific  materials  therein. 

DETAILED  DESCRIPTION 

Referring  now  to  the  drawings,  FIG.  1  shows  a 
system  10  in  accordance  with  the  principles  of  the 
present  invention.  The  system  is  adapted  to  detect 
the  presence  of  materials  12  concealed  within  a 
container  14  such  as  a  suitcase,  for  example.  The 
system  10  comprises  a  gamma  ray  source  16,  or 
alternatively  an  X-ray  source.  The  gamma  ray 
source  16  may  comprise  an  Americium  241  radio- 
active  source,  or  may  comprise  a  compact  linear 
electronic  accelerator  and  tungsten  target,  or  a 
small  compact  betatron,  or  an  X-ray  tube,  for  ex- 
ample.  The  source  16  emits  a  conical  beam  of 
gamma  rays  indicated  by  arrows  18  which  impinge 
upon  and  penetrate  the  container  14  and  the  ma- 
terials  12  therein.  As  is  well  known,  the  gamma 
rays  produce  coherent  scattering  of  X-rays  by  the 
atoms  of  the  elements  of  which  the  container  14 
and  materials  12  are  comprised.  These  X-rays  re- 
sult  from  gamma  ray  collisions  with  the  K  and  L 
band  electrons  of  the  container  14  and  materials 
12.  It  is  further  well  known  that  the  X-rays  emitted 
by  an  element  have  an  energy  or  wavelength  that 
is  uniquely  characteristic  of  the  element.  These  X- 
rays,  indicated  by  waved  lines  20,  will  vary  in 
wavelength  or  energy  from  relatively  low  energy  to 
relatively  high  energy.  For  example,  the  fluorescent 
X-rays  from  plastic  explosives  and  drugs  have  rela- 
tively  low  energy,  in  the  range  of  several  keV, 
whereas  nuclear  explosives  have  relatively  high 
energy,  on  the  order  of  100  keV.  These  X-rays  are 
detected  by  an  X-ray  detector  arrangement  22  and 
described  at  more  detail  below. 

Referring  now  to  FIG.  2,the  detector  arrange- 
ment  22  comprises  an  elongated  single  dislocation- 
free  crystal  23a  made  of  a  material  such  as  silicon 
for  example.  In  accordance  with  now  well-known 
principles,  X-rays  incident  upon  the  end  or  input 
surface  24  of  the  crystal  23a  are  absorbed  or 
reflected.  However,  X-rays  20a,  20b  of  a  specific 
wavelength  incident  upon  input  surface  24  at  an 
angle  defined  as  the  Bragg  angle  will  pass  through 
the  length  of  the  crystal  23a  with  very  little  attenu- 
ation.  The  Bragg  angle  for  transmission  is  given 
generally  by  the  equation  X  =  2d  sine  a,  where  X 

is  the  wavelength  of  the  X-rays,  d  is  the  lattice 
spacing  of  the  crystals  atoms,  and  a  is  the  Bragg 
angle  relative  to  the  axis  27  of  the  crystal  23a.  X- 
rays  20a,  20b  having  the  specific  wavelength  in- 

5  cident  at  the  Bragg  angle  are  therefore  transmitted 
by  the  crystal  23a.  The  transmitted  X-rays  20a,  20b 
are  then  emitted  from  an  output  or  transmission 
surface  26  of  the  crystal  23a  in  two  equal  parts  or 
rays,  each  directed  at  the  Bragg  angle  with  respect 

io  to  transmission  surface  26.  The  crystal  23a  func- 
tions  much  as  the  slit  of  a  spectrometer  with  the 
slit  spacing  being  the  lattice  spacing  of  the  atoms 
in  the  crystal  23a.  The  transmitted  X-rays  20a,  20b 
may  be  subsequently  detected  by  a  suitable  X-ray 

is  detector  29  such  as  a  scintillation  counter,  propor- 
tional  counter,  charge  coupled  detector  array,  or 
the  like. 

The  crystal  23a  is  positioned  such  that  its  input 
surface  24  faces  the  container  12.  For  a  specific 

20  element  of  interest  such  as  a  primary  constituent  of 
explosives  or  a  drug,  for  example,  those  X-rays  20a 
impacting  the  input  surface  24  at  the  appropriate 
Bragg  angle  produce  X-rays  20a  transmitted  by  the 
crystal  23a.  These  transmitted  X-rays  20a,  since 

25  they  have  the  correct  Bragg  angle  and  wavelength, 
are  indicative  of  the  presence  of  the  specific  ex- 
plosives  or  a  drug  located  within  the  container  14. 
X-rays  emitted  by  various  elements  of  and  in  the 
container  14  and  located  at  different  places  in  the 

30  container  14  will  impact  the  input  surface  24  at 
different  angles.  Some  X-rays  20b  will  be  incident 
at  the  Bragg  angle  for  that  material  12  and  these  X- 
rays  20b  will  also  be  transmitted  through  the  cry- 
stal  23a. 

35  It  is  possible  that  a  plurality  of  materials  dis- 
posed  in  the  container  14  have  wavelength  and 
Bragg  angle  combinations  that  cause  X-rays  20a, 
20b  to  impinge  at  the  same  location  on  the  detec- 
tor  29.  In  order  to  eliminate  ambiguity  arising  from 

40  the  above  possible  occurrence,  and  to  discriminate 
between  the  different  materials,  a  second  crystal 
23b  may  be  disposed  at  an  axially  offset  position 
relative  to  the  first  crystal  23.  The  offset  spacing 
permits  only  those  X-rays  20a  having  a  selected 

45  Bragg  angle  to  be  transmitted  by  the  second  cry- 
stal  23b.  Hence,  the  use  of  the  second  crystal  23b 
eliminates  ambiguity. 

Operation  of  the  system  10  can  be  further 
enhanced  by  providing  a  linear  array  28  of  crystals 

50  23.  If  the  container  14  then  passes  the  array  28  in 
a  direction  generally  perpendicular  to  the  array  28 
as  indicated  by  arrow  25  of  Fig.  1,  scanning  the 
container  14  is  effected.  Accumulation  of  data  by  a 
data  processing  system  30  enables  generation  of 

55  an  image  of  a  specific  material  12  including  its 
size,  shape,  and  location.  Alternatively  the  system 
10  may  be  adapted  in  various  ways  to  scan  the 
container  14  to  generate  the  image.  This  image  32 

3 
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may  be  displayed,  or  recorded  on  a  strip  chart 
recorder  34. 

Since  it  is  anticipated  that  more  than  one  ma- 
terial  would  be  of  interest  when  scanning  an  article 
such  as  luggage  prior  to  loading  aircraft  or  importa- 
tion  of  packages,  referring  to  Fig.  3,  a  plurality  of 
crystals  23  may  be  provided  in  a  linear  array  28.  In 
addition,  each  of  the  crystals  23  of  the  array  are 
oriented  at  slightly  different  angles  with  respect  to 
the  container  14,  in  order  to  simultaneously  detect 
different  elements  arriving  at  different  Bragg  an- 
gles.  Again,  well-known  data  processing  techniques 
allow  accumulation  of  this  data  and  the  generation 
of  images  showing  the  size,  shape,  and  location  of 
materials  12  within  the  container  14  as  well  as 
providing  detection  of  the  presence  of  such  materi- 
als  12. 

From  the  above  description,  it  will  now  be  seen 
that  the  present  invention  provides  a  unique  means 
for  detecting  the  presence  of  low  density  materials 
12  within  a  container  14  by  the  use  of  gamma  ray 
induced  X-ray  fluorescence.  The  system  10  pro- 
vides  a  uniquely  sensitive  X-ray  detector  capable 
of  detecting  X-rays  emitted  by  low  density  materi- 
als  such  as  explosives  or  drugs.  Orientation  of  the 
highly  sensitive  silicon  crystal  23a  and  detector  29 
enables  the  system  10  to  detect  a  plurality  of 
specific  materials  12.  The  system  10  is  readily 
adaptable  for  use  with  data  processing  techniques 
to  generate  images  of  such  materials  12  within  the 
container  14.  The  system  10,  which  can  be  used  in 
conjunction  with  conventional  X-ray  scanners  to 
detect  the  presence  of  dangerous  or  contraband 
materials,  or  the  presence  of  metallic  containers 
that  are  normally  cannot  be  scanned,  to  precipitate 
careful  hand  searching  of  such  articles. 

Thus  there  has  been  described  a  new  and 
improved  system  for  detecting  the  presence  of 
predetermined  materials  in  a  body  or  container. 

Claims 

1.  A  system  for  detecting  the  presence  of  ele- 
ments  in  an  object  comprising: 
gamma  ray  source  means  (16)  for  irradiating 
an  object  with  gamma  rays  of  predetermined 
minimum  energy  to  produce  X-ray  fluores- 
cence  of  elements  therein,  and 
X-ray  detector  means  (22)  positioned  to  inter- 
cept  X-rays  radiated  by  said  elements  include 
a  first  dislocation  free  single  crystal  (23a)  hav- 
ing  substantially  parallel  input  (24)  and  trans- 
mission  surfaces  (26)  at  opposite  ends  thereof, 
and  is  disposed  at  an  angle  of  incidence  with 
respect  to  the  X-rays  to  transmit  only  X-rays 
incident  at  predetermined  Bragg  angles  char- 
acteristic  of  a  known  element. 

2.  The  system  of  claim  1  further  including  a  sec- 
ond  dislocation  free  single  crystal  (23b)  dis- 
posed  substantially  parallel  to  the  first  crystal 
(23a)  and  having  a  predetermined  offset  there- 

5  from  to  intercept  and  measure  X-rays  transmit- 
ted  by  the  first  crystal  (23a)  at  a  specific  Bragg 
angle. 

3.  The  system  of  claim  1  further  including  means 
io  for  varying  the  angle  of  incidence  of  the  trans- 

mission  surface  (26)  of  the  first  crystal  (23a) 
with  respect  to  the  second  crystal  (23b)  and 
means  (29)  for  measuring  the  intensity  of  the 
X-rays  radiated  by  each  material  out  of  a  plu- 

15  rality  of  known  materials. 

4.  The  system  of  claim  3  further  including  a  plu- 
rality  of  X-ray  detector  means  (22)  disposed  in 
a  linear  array  (28). 

20 
5.  The  system  of  claim  4  further  including  means 

for  scanning  the  object  with  the  X-ray  detector 
means  (22)  in  a  direction  generally  perpen- 
dicular  to  array. 

25 
6.  The  system  of  claim  4  further  including  means 

for  moving  the  object  relative  to  the  detector 
means  (22)  to  effect  scanning  of  the  object. 

30  7.  The  system  of  claim  1,  wherein  the  X-ray 
detector  means  include  a  dislocation  free  cry- 
stal  having  a  dimension  to  pass  X-rays  of 
characteristic  wavelength  in  accordance  with 
the  relationship  X  =  2d  sin  a,  where  X  is  the  X- 

35  ray  wavelength,  d  is  the  lattice  spacing  of  the 
atoms  in  the  crystal,  and  a  is  the  Bragg  angle 
of  a  specific  element  of  interest. 

Patentanspruche 
40 

1.  Einrichtung  zum  Nachweis  von  Elementen  in 
einem  Gegenstand 
mit  einer  7-Strahlenquelle  (16)  zum  Bestrahlen 
des  Gegenstandes  mit  7-Strahlen  von  einer 

45  vorbestimmten  minimalen  Energie,  urn  Ront- 
genstrahlenfluoreszenz  der  Elemente  darin  zu 
erzeugen  und 
mit  einem  Rontgenstrahlendetektor  (22),  wel- 
cher  so  angeordnet  ist,  dal3  er  die  von  den 

50  Elementen  ausgesandten  Rontgenstrahlen 
empfangt  und  welcher  einen  ersten  verset- 
zungsfreien  Einzelkristall  (23a)  aufweist,  der  im 
wesentlichen  parallele  Eingangsoberflachen 
(24)  und  Durchgangsoberflachen  (26)  an  ge- 

55  genuberliegenden  Enden  hat,  und  der  in  einem 
Einfallswinkel  im  Hinblick  auf  die  Rontgen- 
strahlen  so  angeordnet  ist,  dal3  nur  Rontgen- 
strahlen  hindurchgehen,  welche  in  vorbestimm- 

4 
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ten  Braggwinkeln  einfallen,  die  charakteristisch 
fur  das  bekannte  Element  sind. 

2.  Einrichtung  nach  Anspruch  1,  gekennzelch- 
net  durch  einen  zweiten  versetzungsfreien 
Einzelkristall  (23b),  welcher  im  wesentlichen 
parallel  zu  dem  ersten  Kristall  (23a)  angeord- 
net  ist  und  welcher  eine  vorbestimmte  Verset- 
zung  von  diesem  hat,  urn  Rontgenstrahlen  auf- 
zunehmen  und  zu  messen,  welche  durch  den 
ersten  Kristall  (23a)  in  einem  spezifischen 
Braggwinkel  hindurchgegangen  sind. 

3.  Einrichtung  nach  Anspruch  1,  gekennzelch- 
net  durch  Mittel  zum  Andern  des  Einfallswin- 
kels  der  Durchgangsoberflache  (26)  des  ersten 
Kristalls  (23a)  im  Hinblick  auf  den  zweiten  Kri- 
stall  (23b)  und  mit  Mitteln  (29)  zu  messen  der 
Intensitat  der  Rontgenstrahlen,  welche  von  je- 
dem  Material  aus  einer  Vielzahl  von  bekannten 
Materialien  ausgesandt  werden. 

4.  Einrichtung  nach  Anspruch  3,  gekennzelch- 
net  durch  eine  Vielzahl  von  Rontgenstrahlde- 
tektoren  (22),  welche  in  einer  linearen  Anord- 
nung  (28)  angeordnet  sind. 

5.  Einrichtung  nach  Anspruch  4,  gekennzeich- 
net  durch  Mittel  zum  Abtasten  des  Gegen- 
standes  mit  dem  Rontgenstrahldetektor  (22)  in 
einer  Richtung,  welche  im  wesentlichen  senk- 
recht  zu  der  Anordnung  ist. 

6.  Einrichtung  nach  Anspruch  4,  gekennzeich- 
net  durch  Mittel  zum  Bewegen  des  Gegen- 
standes  relativ  zu  dem  Detektor  (22),  urn  das 
Abtasten  des  Gegenstandes  zu  bewirken. 

7.  Einrichtung  nach  Anspruch  1,  dadurch  ge- 
kennzeichnet,  dal3  der  Rontgenstrahldetektor 
einen  versetzungsfreien  Kristall  mit  einer  sol- 
chen  Dimension  aufweist,  dal3  Rontgenstrahlen 
einer  charakteristischen  Wellenlange  in  Uber- 
einstimmung  mit  der  Beziehung  X  =  2d  sin  a 
hindurchgehen,  wobei  X  die  Rontgenstrahlwel- 
lenlange,  d  der  Gitterabstand  der  Atome  in 
dem  Kristall  und  a  der  Braggwinkel  eines  be- 
stimmten  Elementes  ist. 

Revendicatlons 

1.  Systeme  pour  detecter  la  presence  d'elements 
dans  un  objet  comprenant  : 

-  un  moyen  a  source  de  rayons  gamma 
(16)  pour  exposer  un  objet  a  des  rayons 
gamma  presentant  une  energie  minimale 
predetermined  et  produire  une  fluores- 
cence  X  d'elements  qu'il  contient,  et 

-  un  moyen  detecteur  de  rayons  X  (22) 
positionne  de  fagon  a  intercepter  des 
rayons  X  rayonnes  par  lesdits  elements, 
comportant  un  premier  monocristal  sans 

5  dislocation  (23a)  ayant  une  entree  sensi- 
blement  parallele  (24)  et  des  surfaces  de 
transmission  (26)  a  ses  extremites  oppo- 
sees,  et  dispose  sous  un  angle  d'inciden- 
ce  par  rapport  aux  rayons  X  permettant 

io  de  ne  transmettre  que  des  rayons  X  inci- 
dents  sous  des  angles  de  Bragg  prede- 
termines  caracteristiques  d'un  element 
connu. 

is  2.  Systeme  selon  la  revendication  1,  comportant 
en  outre,  un  second  monocristal  sans  disloca- 
tion  (23b)  dispose  pratiquement  parallelement 
au  premier  cristal  (23a)  et  ayant  un  decalage 
predetermine  par  rapport  a  celui-ci  pour  inter- 

20  cepter  et  mesurer  des  rayons  X  transmis  par 
le  premier  cristal  (23a)  sous  un  angle  de  Bragg 
specifique. 

3.  Systeme  selon  la  revendication  1,  comportant 
25  en  outre  un  moyen  pour  faire  varier  Tangle 

d'incidence  de  la  surface  de  transmission  (26) 
du  premier  cristal  (23a)  par  rapport  au  second 
cristal  (23b)  et  un  moyen  (29)  pour  mesurer 
I'intensite  des  rayons  X  rayonnes  par  chaque 

30  substance  parmi  un  ensemble  de  substances 
connues. 

4.  Systeme  selon  la  revendication  3,  comportant 
en  outre  un  grand  nombre  de  detecteurs  de 

35  rayons  X  (22)  disposes  suivant  la  forme  d'une 
matrice  lineaire  (28). 

5.  Systeme  selon  la  revendication  4,  comportant 
en  outre  un  moyen  pour  analyser  I'objet  a 

40  I'aide  des  moyens  detecteurs  de  rayons  X  (22) 
dans  une  direction  globalement  perpendiculai- 
re  a  la  matrice. 

6.  Systeme  selon  la  revendication  4,  comportant 
45  en  outre  un  moyen  pour  deplacer  I'objet  par 

rapport  aux  moyens  detecteurs  (22)  pour  effec- 
tuer  une  analyse  de  I'objet. 

7.  Systeme  selon  la  revendication  1,  dans  lequel 
50  les  moyens  detecteurs  de  rayons  X  compor- 

tent  un  cristal  sans  dislocation  ayant  une  di- 
mension  permettant  le  passage  de  rayons  X 
dont  la  longueur  d'onde  caracteristique  repond 
a  la  relation  X  =  2d  sina,  ou  X  est  la  longueur 

55  d'onde  des  rayons  X,  d  est  la  constante  du 
reseau  des  atomes  dans  le  cristal  et  a  est 
Tangle  de  Bragg  d'un  element  specifique 
considere. 

5 



EP  0  423  763  B1 

F i g .   2 .  
F i g .   1 

6 


	bibliography
	description
	claims
	drawings

