
(19) 

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

(12) 

peen  des  brevets  E P 0   4 3 6   711   B 1  

EUROPEAN  PATENT  S P E C I F I C A T I O N  

(45)  Date  of  publication  and  mention 
of  the  grant  of  the  patent: 
11.12.1996  Bulletin  1996/50 

(21)  Application  number:  90912567.6 

(22)  Date  of  filing:  30.07.1990 

(51)  intci.6:  G01R  33/035,  A61B  5/05,  
H01L  39/04,  A61B  5 /04  

(86)  International  application  number: 
PCT/US90/04171 

(87)  International  publication  number: 
WO  91/02259  (21.02.1991  Gazette  1991/05) 

(54)  BIOMAGNETOMETER  WITH  REMOTE  PICKUP  COIL 

BIOMAGNETOMETER  MIT  FERNAUFNEHMERSPULE 

BIOMAGNETOMETRE  A  BOBINE  EXPLORATRICE  A  DISTANCE 

(84)  Designated  Contracting  States: 
AT  BE  CH  DE  DK  ES  FR  GB  IT  LI  LU  NL  SE 

(30)  Priority:  31.07.1989  US  386948 
17.07.1990  US  551841 

(43)  Date  of  publication  of  application: 
17.07.1991  Bulletin  1991/29 

(73)  Proprietor:  BIOMAGNETIC  TECHNOLOGIES,  INC. 
San  Diego,  CA  92121-3719  (US) 

(72)  Inventors: 
•  HINSHAW,  Waldo,  S. 

Solana  Beach,  CA  92075  (US) 
•  PAULSON,  Douglas,  N. 

Del  Mar,  CA  9201  4  (US) 
•  BUCHANAN,  David,  Scott 

Escondido,  CA  92027  (US) 

DO 

CO 
CO 
^ -  
o  
a .  
LU 

•  HIRSCHKOFF,  Eugene,  C. 
Leucadia,  CA  92024  (US) 

•  DilORIO,  MARK,  S. 
San  Diego,  CA  92130  (US) 

•  BLACK,  William,  C,  Jr. 
Del  Mar,  CA  9201  4  (US) 

(74)  Representative:  Munk,  Ludwig,  Dipl.-lng. 
Patentanwalt 
Prinzregentenstrasse  1 
86150  Augsburg  (DE) 

(56)  References  cited: 
JP-A-6  416  976 
US-A-  4  079  730 
US-A-  4  793  355 

US-A-  3  980  076 
US-A-  4  324  255 
US-A-  4  827  21  7 

•  No  further  relevant  documents  disclosed 

Note:  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any  person  may  give 
notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  opposition  shall  be  filed  in 
a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee  has  been  paid.  (Art. 
99(1)  European  Patent  Convention). 

Printed  by  Jouve,  75001  PARIS  (FR) 



1 EP  0  436  711  B1 2 

Description 

This  invention  relates  to  a  biomagnetometer  ac- 
cording  to  the  preample  of  claim  1  .  Biomagnetometers 
of  this  type  are  used  for  passively  monitoring  magnetic  s 
signal  fields  produced  by  the  human  body. 

The  human  body  produces  various  kinds  of  energy 
that  may  be  used  to  monitor  the  status  and  health  of  the 
body.  Perhaps  the  best  known  of  these  types  of  energy 
is  heat.  Most  healthy  persons  have  a  body  temperature  10 
of  about  98.6°F(=37°C).  A  measured  body  temperature 
that  is  significantly  higher  usually  indicates  the  presence 
of  an  infection  or  other  deviation  from  normal  good 
health.  A  simple  medical  instrument,  the  clinical  ther- 
mometer,  has  long  been  available  to  measure  body  tern-  15 
perature. 

Over  100  years  ago,  medical  researchers  learned 
that  the  body  also  produces  electrical  signals.  Doctors 
today  can  recognize  certain  patterns  of  electrical  signals 
that  are  indicative  of  good  health,  and  other  patterns  that  20 
indicate  disease  or  abnormality.  The  best  known  types 
of  electrical  signals  are  those  from  the  heart  and  from 
the  brain,  and  instruments  have  been  developed  that 
measure  such  signals.  The  electrocardiograph  meas- 
ures  electrical  signals  associated  With  the  heart,  and  the  25 
electroencephalograph  measures  the  electrical  signals 
associated  with  the  brain.  Such  instruments  have  now 
become  relatively  common,  and  most  hospitals  have  fa- 
cilities  wherein  the  electrical  signals  from  the  bodies  of 
patients  can  be  measured  to  determine  certain  types  of  30 
possible  disease  or  abnormality. 

More  recently,  medical  researchers  have  discov- 
ered  that  the  body  produces  magnetic  fields  of  a  type 
completely  different  than  the  other  types  of  energy  emit- 
ted  from  the  body,  but  which  are  associated  with  elec-  35 
trical  signals  within  the  body.  The  research  on  correlat- 
ing  magnetic  fields  with  various  states  of  health,  disease 
and  abnormality  is  underway,  but  sufficient  information 
is  available  to  demonstrate  that  certain  emitted  magnet- 
ic  fields  are  associated  with  conditions  such  as  epilepsy.  40 
Present  medical  studies  are  investigating  the  nature  of 
the  normal  and  abnormal  magnetic  fields  of  the  brain, 
and  seeking  to  correlate  those  fields  with  brain  functions 
and  patient  health. 

For  example,  if  it  were  known  that  a  particular  ab-  45 
normality,  such  as  epilepsy,  were  associated  with  an  ab- 
normal  magnetic  field  produced  at  a  particular  location 
in  the  brain,  then  it  might  be  possible  to  detect  the  ab- 
normality  at  an  early  stage,  while  it  was  treatable,  and 
then  apply  other  medical  knowledge  to  chemically  treat  so 
or  surgically  remove  that  precise  portion  of  the  brain  with 
minimal  side  effects  on  the  patient.  Magnetic  studies  of 
the  brain  therefore  offer  the  potential  for  understanding 
and  treating  some  of  the  most  crippling  diseases  and 
conditions  known.  55 

The  biomagnetometer  is  an  instrument  that  has 
been  developed  for  measuring  magnetic  fields  pro- 
duced  by  the  body,  particularly  the  brain.  The  biomag- 

netometer  is  a  larger,  more  complex  instrument  than  the 
medical  instruments  mentioned  earlier,  primarily  be- 
cause  the  magnetic  fields  produced  by  the  body  are  very 
small  and  difficult  to  measure.  Typically,  the  strength  of 
the  magnetic  field  produced  by  the  brain  is  about 
0.000.000.001  Gauss(=1  0-9  x  1  0"4Vsm-2  =  1  0"1  3Vsrrr2), 
at  a  distance  of  1  -2  centimeters  from  the  head.  By  com- 
parison,  the  strength  of  the  earth'magnetic  field  is  about 
0.5  Gauss  (=5  x  1  0"5  Vsnr2),  or  about  five  hundred  mil- 
lion  times  larger  than  the  strength  of  the  magnetic  field 
of  the  brain,  as  measured  externally  to  the  head.  Most 
electrical  equipment  also  produces  magnetic  fields,  in 
many  cases  much  larger  than  that  of  the  earth's  field.  It 
is  apparent  that,  unless  special  precautions  are  taken, 
it  is  not  possible  to  make  magnetic  measurements  of  the 
human  body  because  the  external  influences  such  as 
the  earth's  magnetism  and  nearby  apparatus  can  com- 
pletely  overwhelm  and  mask  the  magnetic  fields  from 
the  body. 

The  biomagnetometer  includes  a  magnetic  pickup 
coil  connected  to  a  very  sensitive  detector  for  magnetic 
signals.  The  currently  most  widely  used  detector  is  a  Su- 
perconducting  QUantum  Interference  Device  or  SQUID, 
which,  in  combination  with  a  superconducting  pickup 
coil,  is  sufficiently  sensitive  to  detect  magnetic  signals 
produced  by  the  brain,  for  example,  US  Patents 
4,386,361  and  4  403,189. 

The  detector,  pickup  coil,  and  their  associated 
equipment  require  special  operating  conditions  such  as 
a  cryogenic  dewar,  and  cannot  be  placed  into  the  body 
or  attached  directly  to  the  surface  of  the  body.  The  dewar 
is  maintained  at  liquid  helium  temperature  (about  4.2K), 
to  maintain  the  SQUID  detector,  the  pickup  coil,  and  the 
electrical  connection  between  them  in  the  supercon- 
ducting  state  because  of  the  small  electrical  currents  in- 
volved,  and  to  reduce  the  electrical  noise  that  might  oth- 
erwise  influence  the  SQUID  detector. 

The  present  biomagnetometer  therefore  includes  a 
dewar  structure  in  which  the  pickup  coil,  the  SQUID  de- 
tector,  and  the  electrical  interconnect  are  immersed. 
The  dewar  normally  is  constructed  with  a  tail  (US  patent 
4,773,952),  which  permits  placement  of  the  pickup  coil 
in  proximity  with  the  head  of  the  patient,  typically  about 
2  centimeters  away.  Special  electronics  is  provided  to 
filter  out  external  effects  such  as  the  earth's  magnetic 
field  and  the  magnetic  fields  of  nearby  electrical  instru- 
ments.  (US  Patents  3,980,076  and  4,079,730) 

The  patient  and  detector  can  also  be  placed  into  a 
magnetically  quiet  enclosure  that  shields  the  patient  and 
the  detector  from  the  external  magnetic  fields.  (US  Pat- 
ent  3,557,777)  With  these  special  precautions,  medical 
researchers  and  doctors  can  now  make  accurate,  relia- 
ble  measurements  of  the  magnetic  fields  produced  by 
the  brain,  and  are  studying  the  relationship  of  these 
fields  with  diseases  and  abnormalities. 

The  existing  approach  of  enclosing  the  pickup  coil 
and  the  SQUID  detector  in  a  liquid-helium  dewar  is  ac- 
ceptable  in  many  circumstances.  Nevertheless,  it  would 
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be  desirable  to  have  another  approach  wherein  the  bulk 
could  be  reduced,  to  permit  more  flexibility  in  the  use  of 
the  biomagnetometer.  It  would  also  be  desirable  to  per- 
mit  changes  in  the  pickup  coil  configuration  without  re- 
moving  the  coil  from  the  dewar,  which  necessitates  a 
restabilization  and  recalibration  of  the  system  when  the 
new  coil  is  immersed  back  into  the  dewar.  The  present 
invention  fulfills  these  needs,  and  further  provides  relat- 
ed  advantages. 

The  closest  prior  art  document  US-A-4  079  730 
shows  a  biomagnetometer  with  a  sensor  housed  in  a 
single  container  which  contains  the  detectors,  pickup 
coils  and  cryogens,  which  uses  a  magnet  to  polarize  the 
tissue  of  the  human  body  to  produce  a  signal  dependent 
on  the  magnetic  susceptibility  of  the  human  body, 
whereas  the  present  invention  relates  to  the  field  of  pick- 
ing  up  magnetic  fields  produced  by  electricl  currents 
flowing  in  the  human  body. 

In  an  apparatus  according  to  this  prior  art  docu- 
ment,  as  shown  in  Figur  1  2  of  this  document,  the  human 
being  or  object  to  measure  is  completely  introduced  into 
a  big  container  that  contains  the  detectors,  pickup  coil 
or  colis  and  cryogens. 

An  other  superconductive  sensor  is  disclosed  in  the 
JP-A-1  16976,  represented  by  patent  abstracts  of  Ja- 
pan,  vol.13,  no.  191  (P-867)(3539).  This  superconduc- 
tive  sensor  comprises  two  containers,  one  of  them  for 
detecting  means,  the  other  for  pickup  means,  wherein 
both  containers  are  filled  with  liquid  helium  and  wherein 
the  two  containers  are  magnetically  coupled  by  two  cou- 
pled  coils.  The  inner  container  is  placed  within  the  outer 
container.  The  apparatus'  purpose  is  to  detect  even 
slight  radio  waves. 

It  is  therefore  an  object  of  this  invention  to  disclose 
a  more  flexible  biomagnetometer  that  can  nearer  and 
more  easily  manipulated  into  place  adjacent  to  a  sub- 
ject. 

This  object  is  achieved  by  an  apparatus  according 
to  claim  1  . 

The  present  invention  provides  a  construction  for  a 
biomagnetometer  having  a  magnetic  pickup  coil  that  is 
structurally  remote  from  the  detector.  The  pickup  coil  or, 
in  the  usual  case,  array  of  pickup  coils,  is  much  more 
easily  manipulated  into  place  adjacent  a  subject,  be- 
cause  it  is  held  in  a  smaller  container  than  was  previ- 
ously  possible.  In  the  new  approach,  the  pickup  coil  may 
be  placed  closer  to  the  subject,  and  thence  the  source 
of  the  magnetic  field,  than  possible  with  the  prior  ap- 
proach.  In  one  embodiment,  the  pickup  coil  is  discon- 
nectable  from  the  detector,  so  that  the  type  and  config- 
uration  of  pickup  coil  or  array  of  pickup  coils  is  readily 
changed  by  disconnecting  one  unit  and  connecting  a 
second  unit,  thereby  permitting  optimization  of  the  array 
configuration  for  a  particular  measurement.  It  is  not  nec- 
essary  to  cause  a  major  thermal  interruption  to  the  de- 
tector  during  the  course  of  the  changeover,  a  significant 
advantage. 

In  one  approach,  a  biomagnetometer  comprises  a 

magnetic  pickup  coil  formed  of  a  material  that  is  super- 
conducting  at  a  temperature  less  than  its  superconduct- 
ing  transition  temperature;  a  detector  formed  of  a  mate- 
rial  that  is  superconducting  at  a  temperature  less  than 

5  its  superconducting  transition  temperature;  and  an  elec- 
trical  conductor  connected  at  one  end  to  the  pickup  coil 
and  at  the  other  end  to  the  detector,  the  conductor  being 
formed,  for  at  least  a  portion  of  its  length,  of  a  material 
having  a  superconducting  transition  temperature  of 

10  greater  than  the  boiling  point  of  liquid  nitrogen. 
In  another  approach,  a  biomagnetometer  compris- 

es  a  magnetic  pickup  coil;  a  detector;  an  electrical  con- 
ductive  lead  system  that  electrically  connects  the  pickup 
coil  to  the  detector,  the  lead  system  including  at  least 

is  the  following  portions  a  first  lead  located  in  a  first  con- 
tainer,  a  second  lead  located  in  a  second  container,  and 
an  inductive  coupler  that  couples  the  first  lead  to  the  sec- 
ond  lead  to  permit  an  electrical  signal  to  be  communi- 
cated  from  the  pickup  coil  to  the  detector. 

20  A  key  aspect  of  the  present  invention  is  the  realiza- 
tion  that  the  pickup  coil  and  the  detector  are  maintained 
at  superconducting  temperatures  for  different  reasons, 
and  providing  a  structure  that  permits  the  two  compo- 
nents  to  be  maintained-  at  different  superconducting 

25  temperatures.  The  structure  having  provision  fortwo  su- 
perconducting  temperatures  allows  the  pickup  coil  to  be 
positioned  remotely  from  the  detector,  which  results  in 
major  advantages  from  the  standpoint  of  the  practical 
utilization  of  the  biomagnetometer.  By  contrast,  in  exist- 

so  ing  biomagnetometers,  the  pickup  coil,  detector,  and 
electrical  interconnect  are  necessarily  maintained  at  a 
single  superconducting  temperature  below  about  10K, 
and  usually  at  liquid  helium  temperature,  4.2K. 

In  existing  apparatus,  the  pickup  coil  and  the  elec- 
ts  trical  connector  from  the  pickup  coil  to  the  detector  are 

maintained  at  superconducting  temperature  because 
the  currents  flowing  therethrough  are  very  small  and  of 
a  low  frequency  of  0-5  kilohertz,  and  even  low  electrical 
resistances  in  these  elements  would  prevent  the  meas- 

40  urement  of  such  small,  low  frequency  magnetic  fields. 
The  detector  is  maintained  at  superconducting  temper- 
ature  in  part  for  the  same  reason,  to  avoid  electrical  re- 
sistance,  but  also  because  thermally  induced  noise  in 
the  circuit  should  be  maintained  at  a  very  low  level.  The 

45  detector  must  therefore  be  maintained  at  a  temperature 
of  less  than  about  10K,  and  usually  is  immersed  in  liquid 
helium  or  cooled  by  a  sophisticated  mechanical  cooler. 
It  has  not  been  practical  to  place  the  pickup  coil  in  a 
separate,  remote  container  and  have  a  superconducting 

so  electrical  connector  to  the  detector,  because  of  the  ex- 
treme  difficulty  in  maintaining  the  electrical  connector  at 
the  superconducting  temperature  of  below  10K. 

With  the  discovery  of  superconductors  having  su- 
perconducting  transition  temperatures  above  77K,  the 

55  biomagnetometer  of  the  invention  can  be  constructed 
with  the  pickup  coil  and  the  electrical  connector  of  a  ma- 
terial  having  a  superconducting  transition  temperature 
above  77K,  the  boiling  point  of  liquid  nitrogen.  The  pick- 

3 
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up  coil  may  be  remotely  placed  and  maintained  below 
its  superconducting  transition  temperature,  and  the 
electrical  connector  may  also  be  readily  maintained  be- 
low  its  superconducting  transition  temperature.  That  is, 
the  pickup  coil  may  easily  be  maintained  at  liquid  nitro- 
gen  temperature  or  above,  and  the  connector  may  be 
easily  maintained  at  liquid  nitrogen  temperature  or 
above,  even  over  a  long  length  of  electrical  connector, 
using  containers  cooled  with  liquid  nitrogen  and  existing 
insulation  techniques. 

The  detector  may  still  be  maintained  at  an  accept- 
able  operating  temperature,  which  may  be  near  abso- 
lute  zero  or  at  some  higher  temperature.  The  low  noise, 
high  temperature  SQUIDs  permit  the  detector  to  be  op- 
erated  at  a  higher  temperature  than  10K,  and  possibly 
even  higher  than  77K.  Thus,  both  the  magnetic  pickup 
coils  and  the  detector  may  be  operated  at  relatively  high 
temperature,  and  even  at  the  same  high  temperature, 
but  physically  separated  in  the  manner  disclosed  herein. 

Thus,  in  one  preferred  approach  the  detector  re- 
mains  essentially  stationary,  and  the  pickup  coil  and 
electrical  connector  are  readily  moved  about  while  re- 
maining  tethered  to  the  detector.  Since  the  detector  al- 
ways  stays  at  its  operating  temperature,  the  electrical 
connector  may  be  disconnected  to  replace  the  pickup 
coil  with  another  design  of  pickup  coil,  without  serious 
thermal  interruption  to  the  apparatus. 

In  another  preferred  approach,  the  pickup  coil  of  the 
biomagnetometer  can  be  electrically  coupled  to  the  de- 
tector  with  an  induction  coil  arrangement,  even  though 
the  two  are  not  mechanically  coupled.  One  coil  of  the 
inductive  coupler  is  in  one  container  and  connected  to 
the  pickup  coil,  and  the  other  coil  of  the  inductive  coupler 
is  in  the  second  container  and  connected  to  the  detector. 
The  two  coils  of  the  inductive  coupler  are  disposed  in  a 
generally  facing  relation  to  each  other  across  the  inter- 
face  surface  between  the  two  containers,  which  inter- 
face  surface  is  made  conformable  such  that  the  two  in- 
duction  coils  can  be  placed  relatively  near  to  each  other. 

Other  features  and  advantages  of  the  invention  will 
be  apparent  from  the  following  more  detailed  description 
of  the  preferred  embodiment,  taken  in  conjunction  with 
the  accompanying  drawings,  which  illustrate,  by  way  of 
example,  the  principles  of  the  invention. 

Brief  Description  of  Drawings 

Figure  1  is  a  side  sectional  view  of  an  apparatus  in 
accordance  with  the  invention; 
Figures  2A-C  are  elevational  views  of  several  con- 
figurations  of  pickup  coil  and  container  operable 
with  the  present  invention; 
Figure  3  is  an  elevational  view  of  the  operational 
arrangement  of  the  apparatus  of  Figure  1  ; 
Figure  4  is  a  side  sectional  view  of  a  preferred  flex- 
ible  tube; 
Figure  5  is  a  cross  sectional  view  of  the  tube  of  Fig- 
ure  4,  taken  along  line  5-5; 

Figure  6  is  a  side  sectional  view  of  another  embod- 
iment  of  the  apparatus; 
Figure  7  is  an  side  sectional  view  of  another  config- 
uration  of  pickup  coil  and  container  operable  with 

5  the  embodiment  of  Figure  6;  and 
Figure  8  is  a  side  sectional  view  of  another  arrange- 
ment  of  the  induction  coils. 

Best  Mode  for  Carrying  Out  the  Invention 
10 

The  preferred  biomagnetometer  10  utilizing  the 
present  invention  is  illustrated  in  Figure  1.  The  biomag- 
netometer  1  0  includes  a  pickup  coil  1  2  in  a  first  container 
14.  In  normal  operation,  there  will  be  multiple  pickup  coils 

is  1  2  within  the  container  1  4.  The  pickup  coil  1  2  is  preferably 
formed  of  a  material  having  a  superconducting  transition 
temperature  of  greater  than  77K.  The  presently  preferred 
material  of  construction  of  the  pickup  coil  12  is 
YBa2Cu307.x,  where  x  is  typically  about  0.1-0.2,  depend- 

20  ing  upon  the  fabrication  approach  of  the  oxide.  This  ma- 
terial  has  been  demonstrated  to  have  a  superconducting 
transition  temperature  of  greater  than  77K.  Other  mate- 
rials  having  superconducting  transition  temperatures 
greater  than  77K  are  also  acceptable.  Some  examples 

25  include  Bi2Ca2Sr2Cu3O10  and  Tl2Ba2Ca2Cu3O10.  As 
used  herein,  the  "superconducting  transition  tempera- 
ture"  is  the  highest  temperature  at  which  the  material  be- 
comes  superconducting,  in  the  absence  of  an  applied 
magnetic  field. 

30  When  small,  low  frequency  magnetic  fields  are  to 
be  received  by  a  pickup  coil,  the  coil  must  be  maintained 
in  the  superconducting  state  to  avoid  resistance-in- 
duced  thermal  noise.  The  construction  of  the  pickup  coil 
from  "high  temperature  superconductors"  having  super- 

35  conducting  transition  temperatures  at  or  above  77K  is 
acceptable.  Construction  of  the  pickup  coil  from  high 
temperature  superconductors  is  not  required,  and  more 
conventional  low-temperature  superconductors  (having 
a  Tc  below  77K)  may  instead  be  used  in  an  alternative 

40  embodiment. 
The  container  14  is  formed  as  an  insulated  vessel 

1  6  having  an  interior  volume  1  8  for  containing  liquid  ni- 
trogen  or  other  liquefied  gas  as  a  coolant.  The  walls  of 
the  vessel  16  can  be  made  of  rigid  materials  such  as 

45  fiberglass  or  insulating  foam,  a  construction  well  known 
in  the  industry  for  making  liquid  nitrogen  dewars.  The 
walls  of  the  vessel  16  can  also  be  made  of  flexible  ma- 
terials  such  as  corrugated  stainless  steel  in  the  form  of 
an  elongated,  double  walled  tube,  or  supported  mem- 

50  branes  such  as  plastics.  Such  flexible  metal  construc- 
tion  is  well  known  in  the  industry  for  transfer  tubes  used 
to  move  liquid  nitrogen.  A  thin  membrane  construction 
is  known  in  the  industry  to  protect  against  intense  cold, 
as  in  aerospace  applications.  The  walls  of  the  vessel  1  6 

55  can  also  be  made  of  a  composite  construction,  wherein 
part  is  rigid  and  part  is  flexible.  With  this  approach,  the 
portions  of  the  walls  of  the  vessel  1  6  adjacent  the  pickup 
coils  12  can  be  made  of  a  thin  rigid  material  such  as 

4 
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fiberglass,  and  other  portions  could  be  made  of  aflexible 
material  so  that  the  container  14  could  be  reshaped  to 
conform  to  the  body  of  the  subject.  The  insulated  walls 
of  the  vessel  1  6  prevent  discomfort  from  the  cold  for  the 
human  subject  contacted  with  the  surface  of  the  con- 
tainer  14. 

The  preference  in  using  materials  for  the  coil  12 
having  superconducting  transition  temperatures  greater 
than  77K  is  dictated  by  the  design  of  the  system.  If  the 
materials  had  lower  superconducting  transition  temper- 
atures,  then  a  higher  degree  of  insulation  and  a  more 
powerful  coolant  than  liquid  nitrogen  would  be  required. 
Experience  has  shown  that  achieving  such  lower  tem- 
peratures  in  the  container  1  4  is  difficult,  particularly  if  the 
walls  16  are  flexible  to  permit  the  ability  to  reshape  the 
container.  The  use  of  higher  temperature  superconduc- 
tors  allows  liquid  nitrogen  cooling  or  even  cooling  with 
other  liquefied  gases  or  by  mechanical  means,  without 
excessive  insulation  mass  in  the  walls  1  6  of  the  contain- 
er  14.  Liquid  nitrogen  cooling  is  preferred,  because  liq- 
uid  nitrogen  is  cheap,  plentiful,  and  widely  available  in 
most  hospitals  and  research  facilities.  If  cooling  below 
the  boiling  point  of  liquid  nitrogen,  77K  at  1  atmosphere 
(about  105  Pa)  pressure,  is  required,  providing  the  cool- 
ing  is  more  difficult.  The  design  of  flexible  insulated  com- 
ponents  is  also  much  more  difficult. 

A  detector  30  is  placed  within  a  second  container 
32.  The  detector  30  is  a  highly  sensitive  detector  of  small 
electrical  currents,  and  is  preferably  a  superconducting 
quantum  interference  device  (SQUID).  The  detector  30 
is  formed  of  a  material  that  is  superconducting  at  tem- 
peratures  below  its  superconducting  transition  temper- 
ature. 

The  detector  30  is  preferably  cooled  to  a  tempera- 
ture  of  near  to  absolute  zero,  such  as  below  about  1  0K, 
and  most  preferably  to  liquid  helium  temperature,  4.2K. 
The  detector  30  should  be  operated  in  the  supercon- 
ducting  state  to  permit  the  SQUIDs  to  operate  through 
the  Josephson  effect,  and  to  minimize  the  electrical  re- 
sistance  that  produces  thermal  noise.  For  some  appli- 
cations,  it  is  preferably  operated  at  a  temperature  close 
to  absolute  zero  to  reduce  thermally  induced  noise  in 
the  detection  circuit.  Thus,  for  many  applications  and  in 
particular  for  most  biomagnetic  applications,  the  detec- 
tor  30  is  operated  near  to  absolute  zero  in  order  to  re- 
duce  noise  in  the  circuit.  It  is  not  sufficient  for  these  ap- 
plications  to  cool  the  detector  just  to  a  superconducting 
temperature,  where  that  temperature  is  above  about 
30K,  because  thermally  induced  noise  may  overwhelm 
the  detected  signal. 

In  other  applications,  however,  it  is  not  necessary 
to  maintain  the  detector  near  to  absolute  zero,  but  only 
below  its  superconducting  transition  temperature. 
SQUIDs  have  been  fabricated  from  high  temperature 
superconductors  of  the  type  discussed  previously,  an 
example  being  a  SQUID  made  from  YBa2Cu307.x. 
These  high  temperature  SQUID  detectors  have  noise 
levels  at  high  frequencies,  when  operated  at  tempera- 

tures  approaching  or  above  77K  and  at  high  frequen- 
cies,  substantially  higher  than  those  of  SQUIDs  operat- 
ed  at  near  absolute  zero.  The  high  temperature  SQUIDs 
might  be  used  where  the  magnetic  signals  to  be  meas- 

5  ured  are  relatively  large,  as  in  magnetocardiographic 
measurements  of  the  heart,  for  example.  Low  tempera- 
ture  SQUIDs,  such  as  those  made  of  niobium  and  op- 
erated  near  to  absolute  zero,  might  be  used  where  the 
magnetic  signals  to  be  measured  are  relatively  much 

10  smaller  (and  therefore  more  likely  to  be  undetectable  in 
the  instrument  noise  of  a  high  temperature  SQUID),  as 
in  magnetoencephalographic  measurements  of  the 
brain. 

Thus,  while  in  the  preferred  embodiment  the 
is  SQUIDs  are  low  temperature  SQUIDs  operating  near 

absolute  zero  in  liquid  helium,  the  invention  is  not  so 
restricted.  The  SQUIDs  may  be  high  temperature 
SQUIDs  operated  near,  or  above,  77K,  where  the  instru- 
ment  noise  requirements  permit.  In  either  case,  howev- 

20  er,  the  SQUIDs  are  operated  below  their  superconduct- 
ing  transition  temperatures. 

Returning  to  the  discussion  of  the  embodiment 
shown  in  Figure  1  ,  to  maintain  the  detector  30  at  tem- 
peratures  near  absolute  zero,  the  second  container  32 

25  has  an  interior  insulated  wall  34  that  permits  it  to  be  filled 
with  liquid  helium  or  other  appropriate  liquefied  gas  hav- 
ing  a  boiling  point  near  absolute  zero.  Around  the  insu- 
lated  walls  34  are  heat  shields  36  and  an  exterior  insu- 
lated  wall  38.  The  walls  34  and  38  are  made  of  fiberglass 

30  or  other  nonmetallic,  nonmagnetic  material,  are  good 
thermal  insulators,  and  are  gas  impermeable  so  as  to 
permit  retention  of  a  vacuum  between  the  walls.  A  vac- 
uum  line  40  is  provided  to  communicate  with  the  space 
between  the  walls  34  and  38,  so  that  a  vacuum  may  be 

35  drawn  in  this  volume.  The  detector  30  is  mounted  on  a 
support  42,  which  in  turn  is  suspended  -  through  an 
opening  in  the  top  of  the  container  32.  Heat  shields  44 
and  the  use  of  low  thermal  conductivity  materials  such 
as  fiberglass  in  the  support  42  insulate  the  detector  30 

40  against  heat  loss  through  the  opening.  Wires  46  that  act 
as  electrical  contacts  from  the  detector  30  to  external 
instrumentation  extend  along  the  length  of  the  support 
42.  The  combination  of  the  walls  34  and  38,  the  heat 
shields  36  and  44,  and  the  vacuum  between  the  walls 

45  34  and  38  permits  the  detector  30  to  be  maintained  at 
a  temperature  near  absolute  zero  without  undue  ex- 
penditure  of  liquid  gas  coolant.  The  construction  of  such 
dewar  vessels  is  described  in  greater  detail  in  US  patent 
4,773,952, 

so  Alternatively,  the  detector  may  be  cooled  by  a  me- 
chanical  cooler,  such  as  the  type  disclosed  in  allowed 
United  States  Patent  Application  SN  07/187,016,  now 
United  States  Patent  No.  4  872  321  . 

The  pickup  coil  12  and  the  detector  30  are  electri- 
cs  cally  connected  by  a  lead  system  50.  The  lead  system 

50  extends  from  the  pickup  coil  1  2  to  the  detector  30,  to 
convey  signals  from  the  pickup  coil  12  to  the  detector 
30.  A  lead  52  connects  directly  to  the  pickup  coil  1  2  and 
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is  external  to  the  second  container  32,  but  connects  to 
the  interior  of  the  second  container  32  at  a  connector 
56.  From  the  connector  56,  another  lead  58  extends  to 
a  junction  block  60,  and  another  lead  62  extends  from 
the  junction  block  60  to  the  detector  30.  These  various 
leads  pass  through  several  temperature  environments, 
which  will  be  described  subsequently. 

The  leads  52,  58,  and  62,  as  well  as  any  elements 
of  the  connector  56  and  junction  block  60  that  might  car- 
ry  current,  are  made  of  a  material  having  a  supercon- 
ducting  transition  temperature  of  greater  than  77K,  so 
that  signals  from  the  pickup  coil  12  are  conveyed  to  the 
detector  30  without  the  introduction  of  thermal  noise, 
when  these  components  are  maintained  in  the  super- 
conducting  state.  The  same  YBa2Cu307.x  material  used 
for  the  coil  1  2  is  preferred  for  use  in  these  elements,  and 
the  other  high  Tc  superconductors  mentioned  earlier  are 
also  operable.  If  there  is  more  than  one  pickup  coil,  there 
is  provided  a  lead  system  for  each  pickup  coil. 

The  leads  may  be  either  rigid  or  flexible,  depending 
upon  the  configuration  of  the  containers.  The  prepara- 
tion  of  superconducting  flexible  leads  made  supercon- 
ducting  by  virtue  of  the  inclusion  of  superconducting  ma- 
terials  such  as  the  preferred  composition  is  known,  see 
for  example  S.  Jin  et  al.,  "High  Tc  Superconductors- 
composite  wire  fabrication",  Appl.  Phys.  Lett.  52  (3),  July 
20,  1987,  page  203,  and  S.  Sen  et  al.,  "Fabrication  of 
stable  superconductive  wires  with  YBa2Cu3Ox/-Ag20" 
composite  core",  Appl.  Phys.  Lett.  54  (8),  20  February 
1  989,  page  766.  Coils  can  be  made  from  such  materials, 
or  by  deposition  of  a  layer  of  the  superconducting  ma- 
terial  onto  a  substrate  and  etching  a  single-turn  coil  con- 
figuration. 

A  third  container  70  encloses  the  lead  system  50 
and  maintains  it  in  the  superconducting  state.  The  con- 
tainer  70  includes  several  parts  in  the  preferred  embod- 
iment  illustrated  in  Figure  1.  The  lead  52  that  extends 
from  the  pickup  coil  12  to  the  connector  56  passes 
through  the  interior  of  the  first  container  14  for  a  short 
distance,  and  then  through  the  interior  of  an  elongated 
tube  72.  The  "third  container"  terminology  is  utilized  for 
generality,  but  it  will  be  understood  that  the  third  con- 
tainer  70  may  be  part  of  and  integral  with  the  first  con- 
tainer  14,  or  part  of  and  integral  with  the  second  con- 
tainer  32,  so  that  there  would  be  only  two  physically  dis- 
tinct  containers.  Such  a  configuration  will  be  discussed 
subsequently  with  respect  to  Figure  6. 

The  walls  of  the  tube  72  are  preferably,  but  not  nec- 
essarily,  flexible.  Figures  4  and  5  illustrate  the  preferred 
construction  of  the  container  70  in  more  detail.  An  outer 
wall  1  00  and  an  inner  wall  1  02  are  made  of  a  corrugated 
stainless  steel  construction,  essentially  the  same  con- 
struction  as  the  first  container  14.  Such  a  corrugated 
construction  permits  limited  flexibility  of  the  walls  and 
bending  of  the  container  70  along  its  long  axis.  It  permits 
a  greater  degree  of  elastic  bending  than  possible  with 
the  metal  itself.  Such  flexible  construction  is  known  for 
fabricating  flexible  bellows  used  in  transferring  cryogen- 

ic  fluids.  In  the  preferred  embodiment,  the  space  be- 
tween  the  outer  wall  100  and  the  inner  wall  102  is  vac- 
uum  pumped  to  reduce  conduction  and  convection  heat 
loss.  The  space  within  the  inner  wall  102,  holding  the 

5  lead  system  50,  is  filled  with  liquid  gas,  such  as  liquid 
nitrogen,  to  maintain  the  lead  system  50  below  its  su- 
perconducting  transition  temperature  during  operation. 
The  lead  system  may  be  formed  from  straight  wires,  if 
sufficiently  flexible,  from  spirally  coiled  wires,  or  from  the 

10  superconducting  materials  deposited  upon  a  flexible 
substrate,  such  as  a  spiralled  or  corrugated  substrate, 
to  achieve  the  same  degree  of  flexibility  as  the  outer  and 
inner  walls. 

In  the  preferred  approach,  the  interior  of  the  tube 
is  72  is  continuous  with,  and  communicates  with,  the  inte- 

rior  of  the  first  container  1  4.  The  tube  72  has  a  liquid  gas 
fill  tube  75  near  its  uppermost  region,  so  that  a  liquid 
gas,  most  preferably  liquid  nitrogen,  can  be  poured  into 
the  interior  of  the  tube  72  and  thence  into  the  interior  of 

20  the  first  container  1  4.  In  operation,  the  lead  52  is  thereby 
maintained  at  a  temperature  below  its  superconducting 
transition  temperature. 

The  lead  58,  the  junction  block  60,  and  a  lower  por- 
tion  of  the  lead  62  are  contained  within  an  insulated  con- 

25  tainer  76  that  is  also  part  of  the  third  container  70.  The 
container  76  is  attached  to  the  underside  of  the  second 
container  32,  and  has  walls  78  formed  of  insulating  fib- 
erglass.  Afill  tube  80  permits  liquid  nitrogen  to  be  poured 
into  the  interior  of  the  container  76,  so  that  the  lead  58, 

30  the  junction  block  60,  and  the  portion  of  the  lead  62  with- 
in  the  container  76  are  maintained  at  about  77K,  below 
their  superconducting  transition  temperatures.  The  up- 
per  portion  of  the  lead  62  passes  through  a  seal  82  into 
the  interior  of  the  second  container  32,  and  is  thence 

35  connected  to  the  appropriate  leads  of  the  detector  30. 
The  upper  portion  of  the  lead  62  is  maintained  at  a  tem- 
perature  at  which  it  is  superconducting. 

The  connector  56  is  provided  between  the  leads  52 
and  58,  so  that  they  may  be  readily  disconnected  from 

40  each  other.  While  it  would  be  acceptable  to  have  the 
lead  system  50  be  a  continuous  length  of  superconduct- 
ing  material,  it  is  desirable  to  provide  the  connector  56 
so  that  the  portion  of  the  lead  system  50  exterior  to  the 
containers  32  and  76  may  be  readily  disconnected.  By 

45  this  approach,  the  entire  pickup  coil  array  may  be  re- 
moved  and  replaced  with  another  array,  without  requir- 
ing  that  the  detector  30  be  warmed.  The  connector  56 
may  be  a  plug  connector  that  seals  against  loss  of  liquid 
gas,  an  inductively  coupled  connector,  or  other  accept- 

so  able  type  known  in  the  field  of  cryogenics.  An  inductive 
coupler  will  be  discussed  in  greater  detail  subsequently 
in  relation  to  Figure  8. 

Figures  1,  2A,  2B,  and  2C  show  some  alternative 
configurations  for  an  array  of  pickup  coils  12  and  the 

55  corresponding  first  container  14.  In  Figure  1,  the  con- 
tainer  1  4  is  configured  to  generally  fit  over  the  skull  of  a 
subject,  somewhat  like  a  cap,  so  that  the  array  of  coils 
12  may  be  placed  at  many  different  locations  relative  to 
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the  brain  of  the  subject.  In  Figure  2A,  the  coils  12  and 
container  14'  are  in  a  gently  curved  form  that  could  be 
placed  against  the  body,  as  for  example  over  the  chest 
to  sense  magnetic  fields  produced  by  the  heart.  In  Fig- 
ure  2B  the  coils  12  and  container  14'  are  depicted  in  a 
flat  form.  Figure  2C  illustrates  a  form  having  two  arrays 
of  pickup  coils  12  and  12',  located  respectively  in  two 
containers  14  and  14'.  This  configuration  is  suited  for 
simultaneous  measurements  of  different  parts  of  the 
body,  as,  for  example,  the  heart  and  the  liver  together 
or  the  brain  and  the  heart  together.  In  each  case,  there 
is  provided  a  tube  72,  fill  tube  80,  and  one  side  of  the 
connector  56. 

It  will  be  appreciated  that  these  various  configura- 
tions  are  presented  as  illustrative,  and  that  custom  con- 
figurations  can  be  designed  and  built  using  the  tech- 
niques  described  herein.  The  important  point  is  that,  us- 
ing  the  approach  of  the  invention,  the  detector,  which 
may  require  an  operational  temperature  near  absolute 
zero,  is  physically  separated  from  the  pickup  coils, 
which  need  only  be  operated  in  the  superconducting 
state  and  not  necessarily  near  absolute  zero,  and  con- 
nected  with  a  lead  system  that  also  need  only  be  oper- 
ated  in  the  superconducting  state  and  not  necessarily 
near  absolute  zero.  Using  high  temperature  supercon- 
ductors  having  superconducting  transition  tempera- 
tures  above  77K,  the  structure  used  to  maintain  the  pick- 
up  coil  and  the  lead  system  at  or  below  the  supercon- 
ducting  temperature  is  much  simplerand  less  bulky  than 
the  structure  used  to  maintain  the  detector  near  abso- 
lute  zero. 

Figure  3  illustrates  the  use  of  the  preferred  embod- 
iment  of  the  biomagnetometer  10,  constructed  accord- 
ing  to  the  prior  description  and  as  shown  in  Figure  1  .  A 
subject  90  sits  in  a  chair,  with  the  first  container  14  on 
his  or  her  head,  and  with  an  array  of  pickup  coils  therein 
positioned  around  the  head.  The  second  container  32 
and  container  76  are  mounted  above  and  some  distance 
from  the  subject  90.  The  flexible  tube  72  extends  from 
the  first  container  1  4  to  the  containers  32  and  76. 

This  approach  has  important  advantages  over  the 
prior  approach,  which  is  generally  illustrated  in  Figure  1 
of  US  patent  4,793,355,  whose  disclosure  is  incorporat- 
ed  by  reference.  In  this  prior  approach,  the  pickup  coils 
were  necessarily  located  within  the  rigid,  bulky  dewar, 
and  as  a  result  could  not  be  easily  moved.  The  ability  to 
arbitrarily  position  the  pickup  coils  was  also  significantly 
limited.  In  the  present  approach,  the  pickup  coils  are  lo- 
cated  close  to  the  body  of  the  subject,  resulting  in  higher 
resolution  and  lower  noise.  A  large  array  of  pickup  coils 
12  can  be  placed  in  proximity  to  the  subject,  and  on  all 
sides.  This  capability  is  expected  to  be  of  great  signifi- 
cance  in  advanced  techniques  now  under  development 
for  correlating  signals  attained  simultaneously  from  sev- 
eral  pickup  coils.  The  flexible  tube  72  permits  the  subject 
to  move  about  slightly,  to  avoid  undue  constraints  that 
might  cause  unwanted  signals  in  the  brain.  The  use  of 
a  connector  56  between  the  tube  72  and  the  lead  58 

allows  the  entire  tube  72,  array  of  pickup  coils  12,  and 
first  container  14  to  be  disconnected  and  replaced  with 
another  unit  without  bringing  the  detector  30  to  ambient 
temperature,  which  was  impossible  with  the  apparatus 

5  illustrated  in  the  '355  patent. 
The  '355  patent  discloses  an  approach  for  automat- 

ically  tracking  the  position  of  the  pickup  coil  and  the  sub- 
ject.  This  approach  is  readily  applied  in  conjunction  with 
the  present  invention.  Each  of  the  first  containers  12 

10  shown  in  Figures  1  -3  includes  a  position  monitoring  sen- 
sor  92  that  is  used  in  conjunction  with  the  apparatus  dis- 
closed  in  the  '355  patent  to  monitor  the  position  of  the 
coil  array. 

As  the  technology  of  superconductors  advances,  it 
is  is  possible  that  materials  which  are  superconducting  at 

ambient  temperature  will  be  discovered.  The  present  in- 
vention  is  operable  with  such  materials  used  in  the  pick- 
up  coils  1  2  and  the  conducting  portions  of  the  lead  sys- 
tem  50.  In  this  instance,  insulation  for  the  containers  that 

20  contain  the  lead  system  50  is  not  required,  except  where 
the  leads  are  brought  to  lower  temperatures  for  connec- 
tion  with  the  detector  30. 

Another  configuration  of  biomagnetometer  10',  us- 
ing  inductively  coupled  pickup  coils  and  detectors,  is  il- 

25  lustrated  in  Figure  6.  A  pickup  coil  1  2'  is  contained  within 
a  container  14'  having  an  insulated  wall  16'.  A  detector 
30'  is  placed  within  a  second  container  32'  having  an 
insulated  wall  34'.  The  corresponding  elements  of  the 
biomagnetometer  10'  have  been  assigned  the  same 

30  numbers  as  those  of  the  biomagnetometer  1  0  of  Figure 
1,  with  the  addition  of  a  '  (prime)  notation.  These  and 
other  corresponding  elements  have  the  same  functions 
and  constructions  as  discussed  previously  in  relation  to 
Figure  I,  which  prior  discussion  is  herein  incorporated, 

35  except  for  changes  such  as  will  be  indicated. 
In  the  embodiment  of  Figure  6,  rather  than  having 

an  extended  cable  through  which  the  leads  to  the  coils 
run,  the  containers  are  configured  to  be  placed  into 
close  proximity  along  a  portion  of  the  walls.  Thus,  the 

40  wall  16'  of  the  container  14'  has  an  interfacing  surface 
110',  and  the  wall  34'  of  the  container  32'  has  an  inter- 
facing  surface  112'.  In  Figure  6,  the  interfacing  surfaces 
110'  and  112'  have  been  shown  as  gently  curved,  but 
they  may  be  flat  or  any  other  shape.  They  could  even 

45  be  made  interlocking,  as  in  a  bayonet  locking  arrange- 
ment.  However,  the  surfaces  110'  and  112'  may  fit  to- 
gether  without  locking,  and  the  containers  14'  and  32' 
are  releasably  fastened  together  by  a  plurality  of  fiber- 
glass  locking  rods  114'. 

so  An  inductive  coupler  116'  connects  the  pickup  coil 
12'  to  the  detector  30'.  In  the  inductive  coupler  116',  a 
lead  52'  extends  from  each  pickup  coil  1  2'  to  first  induc- 
tion  coil  118',  and  a  lead  62'  extends  from  the  detector 
30'  to  a  second  induction  coil  120'.  The  induction  coils 

55  118'  and  120'  are  within  the  containers  14'  and  34',  re- 
spectively,  and  disposed  to  face  each  other  across  the 
interfacing  surfaces  110'  and  112'. 

The  inductive  coupler  1  1  6'  operates  to  transmit  sig- 
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nals  from  the  pickup  coil  12'  to  the  detector  30',  across 
the  gap  between  the  interfacing  surfaces  110'  and  with- 
out  a  physical  electrical  connection  between  the  two 
containers  14'  and  32'.  This  capability  is  important,  be- 
cause  any  electrical  connection  must  be  cooled  to  a  su- 
perconducting  temperature  of  the  connectors,  and  the 
structure  required  for  a  leak-free  connection  is  relatively 
complex.  An  inductive  coupler  arrangement  avoids  the 
need  for  such  a  physical  electrical  connection,  although 
there  are,  of  course,  the  mechanical  connectors  114'. 

The  container  14'  is  readily  disconnected  and  re- 
moved  by  disassembling  the  locking  rods  114'.  Another 
container  14",  such  as  shown  in  Figure  7,  with  another 
configuration  of  the  wall  1  6  and  pickup  coils  can  be  sub- 
stituted  and  locked  into  place  against  the  container  32', 
as  long  as  it  has  a  surface  110"  that  conforms  to  the 
surface  112'  and  has  a  properly  configured  set  of  first 
induction  coils.  The  containers  14'  and  14",  and  thence 
the  pickup  coil  arrangements  and  configurations,  can 
therefore  be  readily  interchanged  without  disrupting  the 
thermal  stability  of  the  detectors  30'.  One  of  the  contain- 
ers  1  4'  or  1  4"  can  be  selected  to  replace  another  of  the 
containers  to  permit  obtain  a  better  conformance  of  the 
container  to  the  particular  portion  of  the  body  under 
study,  or  because  a  leak  has  developed  in  the  wall  16', 
because  a  different  type  of  pickup  coil  is  required,  be- 
cause  a  pickup  coil  has  failed,  or  for  any  other  reason. 
Since  wall  or  coil  failures  are  uncommon,  the  most  im- 
portant  application  is  to  permit  different  studies  to  be 
conducted  with  the  same  second  container  32'  and  its 
detectors  30'. 

Figure  8  illustrates  another  configuration  for  the  in- 
ductive  coupler  116'.  One  of  the  surfaces  110'  and  112' 
is  formed  with  a  protruding  male  portion,  and  the  other 
is  formed  with  a  conforming  female  portion.  In  the  de- 
picted  embodiment,  the  surface  110'  has  two  male  por- 
tions,  and  the  surface  112'  has  conforming  female  por- 
tions.  The  surfaces  110'  and  112'  are  configured  and  di- 
mensioned  together.  One  induction  coil  of  each  pair, 
here  induction  coil  118',  is  formed  as  a  spiral  within  the 
protruding  male  portion  of  the  surface  110'.  the  other  in- 
duction  coil  of  each  pair,  here  induction  coil  120',  is 
formed  as  a  spiral  around  the  female  portion  of  the  sur- 
face  112',  both  coils  being  within  their  respective  con- 
tainers  14'  and  32'.  This  configuration  of  the  induction 
coils  improves  the  inductive  coupling. 

Although  particular  embodiments  of  the  invention 
have  been  described  in  detail  for  purposes  of  illustration, 
various  modifications  may  be  made  without  departing 
from  the  scope  of  the  invention,  Accordingly,  the  inven- 
tion  is  not  to  be  limited  except  as  by  the  appended 
claims. 

Claims 

1.  A  biomagnetometer  (10,10')  with  a  superconduct- 
ing  means  (12,12')  for  picking  up  a  magnetic  field 

and  a  superconducting  means  (30,30')  for  detecting 
a  small  electrical  current,  contained  in  at  least  two 
different  container  means, 

5  the  means  (12,12')  for  picking  up  being  opera- 
ble  when  maintained  at  a  temperature  no  great- 
er  than  a  first  superconducting  transition  tem- 
perature; 

10  the  means  (30,30')  for  detecting  being  operable 
when  maintained  at  a  temperature  no  greater 
than  a  second  superconducting  transition  tem- 
perature;  and  comprising 

is  first  container  means  (14)  for  containing  the 
means  for  picking  up  and  maintaining  the 
means  for  picking  up  at  a  first  temperature  no 
greater  than  the  first  superconducting  transition 
temperature;  and 

20 
second  container  means  (32,32')  for  containing 
the  means  (30,30')  for  detecting  and  maintain- 
ing  the  means  for  detecting  at  a  second  tem- 
perature  no  greater  than  the  second  supercon- 

25  ducting  transition  temperature,  characterized  in 
that  the  second  container  means  is  different 
from  the  first  container  means,  in  that  the  sec- 
ond  container  means  is  not  contained  within  the 
first  container  means;  and  in  that  the  biomag- 

30  netometer  (10,10')  further  comprises 

means  (56,116')  for  transmitting  an  electrical 
signal  from  the  means  (1  2,  1  2')  for  picking  up  to 
the  means  for  detecting  (30,30')  without  signal 

35  loss  due  to  electrical  resistance,  and  for  permit- 
ting  the  first  container  means  (14,14')  and  the 
second  container  means  (32,32')  to  be  physi- 
cally  separated  from  each  other. 

40  2.  The  biomagnetometer  (10)  of  claim  1,  further  in- 
cluding  an  electrical  disconnect,  made  at  least  par- 
tially  of  a  material  that  is  superconducting  at  tem- 
peratures  of  greater  than  77  K,  between  the  means 
(12)  for  picking  up  a  magnetic  field  and  the  means 

45  for  detecting  (30). 

3.  The  biomagnetometer  (10)  of  claim  1  or  2,  wherein 
the  means  for  detecting  (30)  is  a  superconducting 
quantum  interference  device. 

50 
4.  The  biomagnetometer  (1  0)  of  any  of  the  preceding 

claims,  wherein  the  means  for  picking  up  (12),  the 
means  for  detecting  (30)  and  the  means  for  trans- 
mitting  (56)  are  enclosed  in  insulated  container 

55  means  (14,32). 

5.  The  biomagnetometer  (1  0)  of  any  of  the  preceding 
claims,  including  a  plurality  of  means  for  picking  up 

20 

25 
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(12,1  2')  enclosed  in  at  least  two  insulated  container 
means  (14,14") 

6.  The  biomagnetometer  (10)  of  any  of  the  preceding 
claims,  wherein  the  means  for  transmitting  (56)  is  s 
enclosed  within  an  insulated,  flexible  container 
means  (70). 

7.  The  biomagnetometer  (10')  of  one  of  the  claims 
1  ,3,4  characterized  in  that  said  means  for  transmit-  10 
ting  comprises  an  inductive  coupler  (116')  having  a 
pair  of  induction  coils  (1187120')  positioned  adja- 
cent  each  other  such  that  an  electrical  current  flow- 
ing  in  an  first  coil  (118')  is  coupled  to  a  second  coil 
(120'),  is 

the  first  induction  coil  (1  1  8')  being  within  the  first 
container  means  (14'),  being  electrically  con- 
nected  to  the  means  for  picking  up  (12'),  and 
being  made  of  a  material  that  is  superconduct-  20 
ing,  at  the  temperature  at  which  the  means  for 
picking  up  (12')  is  superconducting,  and 

the  second  induction  coil  (1  20')  being  within  the 
second  container  means  (32'),  being  electrical-  25 
ly  connected  to  the  means  for  detecting  (30'), 
and  being  made  of  a  material  that  is  supercon- 
ducting  at  the  temperature  at  which  the  means 
for  detecting  (30')  is  superconducting. 

30 
8.  The  biomagnetometer  (10')  of  claim  7,  wherein  the 

inductive  coupler  (116')  couples  a  first  lead  (52')  to 
a  second  lead  (62')  to  permit  an  electrical  signal  to 
be  communicated  from  the  pickup  coil  (12')  to  the 
detector  (30')  and  wherein  the  first  lead  (52')  is  lo-  35 
cated  in  the  first  container  means  (1  4')  and  the  sec- 
ond  lead  (62')  is  located  in  the  second  container 
means  (32'). 

9.  The  biomagnetometer  (10')  of  claim  7,  wherein  40 
each  of  the  means  for  picking  up  (12'),  the  means 
for  detecting  (30')  and  the  first  and  the  second  leads 
(52',  62')  are  made  of  a  material  that  becomes  su- 
perconducting  at  a  temperature  below  its  respective 
superconducting  transition  temperature.  45 

10.  The  biomagnetometer  (10')  of  claim  9,  wherein  the 
first  lead  (52')  and  the  second  lead  (62')  are  made 
of  different  materials  that  have  different  supercon- 
ducting  transition  temperatures.  so 

11.  The  biomagnetometer  (10')  of  claim  8,  wherein  at 
least  one  of  the  container  means  (1  4',  70)  is  an  elon- 
gated  cable. 

55 
12.  The  biomagnetometer  (10')  of  claim  8,  wherein  the 

inductive  coupler  (1  1  6')  includes  a  pair  of  facing  but 
spaced  apart  flat  coils  (11  8',  120'),  one  coil  (118') 

connected  to  the  first  lead  (52')  and  the  other  coil 
(120')  connected  to  the  second  lead  (62'). 

13.  The  biomagnetometer  (10')  of  claim  8,  wherein  the 
inductive  coupler  (116')  includes  a  first  spiral  coil 
connected  to  the  first  lead  (52')  and  a  second  spiral 
coil  connected  to  the  second  lead  (62'),  one  of  the 
spiral  coils  being  disposed  within  the  other  spiral 
coil. 

14.  The  biomagnetometer  of  one  of  the  preceding 
claims,  wherein  at  least  one  of  the  means  (12,12') 
for  picking  up,  the  means  (56,  116')  for  transmitting 
and  the  means  (30,  30')  for  detecting  are  formed  of 
a  material  having  a  superconducting  transition  tem- 
perature  of  greater  than  77  K. 

15.  The  biomagnetometer  of  one  of  the  claims  1  to  13, 
wherein  at  least  one  of  the  means  (12,1  2')  for  pick- 
ing  up,  the  means  (56,  116')  for  transmitting  and  the 
means  (30,30')  for  detecting  are  formed  of  a  mate- 
rial  having  a  superconducting  transition  tempera- 
ture  of  less  than  77  K. 

16.  The  biomagnetometer  (10,10')  of  any  of  the  claims 
1  to  1  5,  wherein  the  second  temperature  is  less  than 
the  first  temperature. 

17.  The  biomagnetometer  (10,10')  of  any  of  the  claims 
1  to  15,  wherein  the  second  superconducting  tran- 
sition  temperature  is  less  than  the  first  supercon- 
ducting  transition  temperature. 

Patentanspriiche 

1.  Biomagnetometer  (10,  10')  mit  einer  supra-leiten- 
den  Vorrichtung  (12,  12')  zum  Aufnehmen  eines 
Magnetfelds  und  einer  supra-leitenden  Einrichtung 
(30,  30')  zum  Detektieren  eines  kleinen  elektrischen 
Stroms,  welches  in  wenigstens  zwei  verschiedenen 
Behaltervorrichtungen  enthalten  ist, 

wobei  die  Vorrichtung  (12,1  2')  zum  Aufnehmen 
betreibbar  ist,  wenn  sie  auf  einer  Temperatur 
gehalten  wird,  die  nicht  groBer  als  eine  erste 
Supra-Leitungs-Transitions-Temperatur  ist, 

wobei  die  Detektionsvorrichtung  (30,  30')  be- 
treibbar  ist,  wenn  sie  auf  einer  Temperatur  ge- 
halten  wird,  die  nicht  groBer  ist  als  eine  zweite 
Supra-Leitungs-Transition-Temperatur  ist,  und 
die  folgendes  umfaBt: 

eine  erste  Behaltervorrichtung  (14),  welche  die 
Aufnahmevorrichtung  enthalt  und  durch  wel- 
che  die  Aufnahmevorrichtung  auf  einer  ersten 
Temperatur  gehalten  werden  kann,  welche 
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nicht  groBer  als  die  erste  Supra-Leitungs-Tran- 
sitions-Temperatur  ist,  und 

eine  zweite  Behaltervorrichtung  (32,  32'),  wel- 
che  die  Detektionsvorrichtung  (30,  30')  enthalt, 
und  durch  welche  die  Detektionsvorrichtung 
auf  einer  zweiten  Temperatur  gehalten  werden 
kann,  welche  nicht  groBer  als  die  zweite  Supra- 
Leitungs-Transition-Temperatur  ist,  dadurch 
gekennzeichnet,  daR  die  zweite  Behaltervor- 
richtung  nicht  gleich  der  ersten  Behaltervor- 
richtung  ist,  dal3  die  zweite  Behaltervorrichtung 
nicht  in  der  ersten  Behaltervorrichtung  enthal- 
ten  ist,  und 

dal3  das  Biomagnetometer  (10,1  0')  ferner  eine 
Ubertragungseinrichtung  (56,  116')  zum  Uber- 
tragen  eines  elektrischen  Signals  von  der  Auf- 
nahmevorrichtung  (12,  12')  zur  Detektionsvor- 
richtung  (30,  30')  ohne  Signalverlust  aufgrund 
elektrischen  Widerstandes  und  zum  Ermogli- 
chen  der  raumlichen  Trennung  der  ersten  Be- 
haltervorrichtung  (14,  14')  und  der  zweiten  Be- 
haltervorrichtung  (32,  32')  voneinander  auf- 
weist. 

2.  Biomagnetometer  nach  Anspruch  1  ,  welches  ferner 
einen  elektrischen  Koppler,  welcher  zumindest  teil- 
weise  aus  einem  Material  hergestellt  ist,  das  bei 
Temperaturen  von  mehr  als  77  K  supra-leitend  ist, 
zwischen  der  Aufnahmevorrichtung  (12)  zur  Auf- 
nahme  eines  magnetischen  Felds  und  der  Detekti- 
onsvorrichtung  (30)  aufweist. 

3.  Biomagnetometer  (1  0)  nach  Anspruch  1  oder  2,  da- 
durch  gekennzeichnet,  daR  die  Detektionsvor- 
richtung  (30)  ein  supra-leitendes  Quanten-lnterfe- 
renz-Gerat  ist. 

4.  Biomagnetometer  (10)  nach  einem  der  vorherge- 
henden  Anspruche,  dadurch  gekennzeichnet, 
daR  die  Aufnahmevorrichtung  (12),  die  Detektions- 
vorrichtung  (30)  und  die  Ubertragungsvorrichtung 
(56)  in  isolierten  Behaltervorrichtungen  (14,  32)  ent- 
halten  sind. 

5.  Biomagnetometer  nach  einem  der  vorhergehenden 
Anspruche,  welches  mehrere  Aufnahmevorrichtun- 
gen  (12,  12')  aufweist,  die  in  wenigstens  zwei  iso- 
lierten  Behaltervorrichtungen  (14,  14")  enthalten 
sind. 

6.  Biomagnetometer  nach  einem  der  vorhergehenden 
Anspruche,  dadurch  gekennzeichnet,  daR  die 
Ubertragungsvorrichtung  (56)  in  einer  isolierten, 
flexiblen  Behaltervorrichtung  (70)  aufgenommen 
ist. 

7.  Biomagnetometer  (1  0')  nach  einem  der  Anspruche 
1  ,  3,  4,  dadurch  gekennzeichnet,  daR  die  besagte 
Ubertragungsvorrichtung  einen  Induktiv-Koppler 
(116')  aufweist,  welcher  ein  paar  von  Induktions- 

5  spulen  (1187120')  aufweist,  welche  derart  neben- 
einander  angeordnet  sind,  dal3  ein  in  einer  ersten 
Spule  (118')  flieBender  elektrischer  Strom  in  eine 
zweite  Spule  (120')  gekoppelt  wird, 

10  wobei  die  erste  innerhalb  der  ersten  Behalter- 
vorrichtung  (14')  befindliche  Induktionsspule 
(118')  elektrisch  mit  der  Aufnahmevorrichtung 
(1  2')  verbunden  ist  und  aus  einem  Material  her- 
gestellt  ist,  welches  bei  der  Temperatur  supra- 

15  leitend  ist,  bei  welcher  die  Aufnahmevorrich- 
tung  supra-leitend  ist, 
wobei  die  innerhalb  der  zweiten  Behaltervor- 
richtung  (32')  befindliche  Induktionsspule 
(120')  elektrisch  mit  der  Detektionsvorrichtung 

20  (30')  verbunden  ist  und  aus  einem  Material  ge- 
fertigt  ist,  das  bei  einer  Temperatur  supra-lei- 
tend  ist,  bei  welcher  die  Detektionsvorrichtung 
(30')  supra-leitend  ist. 

25  8.  Biomagnetometer  (10')  nach  Anspruch  7,  dadurch 
gekennzeichnet,  daR  der  Induktiv-Koppler  (116') 
einen  ersten  AnschluB  (52')  mit  einem  zweiten  An- 
schluB  (62')  koppelt,  urn  Ubertragung  eines  elektri- 
schen  Signals  von  der  Aufnahmespule  (12')  zum 

30  Detektor  (30')  zu  ermoglichen  und  dal3  der  erste  An- 
schluB  (52')  sich  in  der  ersten  Behaltervorrichtung 
(14')  und  der  zweite  AnschluB  (62')  in  der  zweiten 
Behaltervorrichtung  (32')  befindet. 

35  9.  Biomagnetometer  (10')  nach  Anspruch  7,  dadurch 
gekennzeichnet,  daR  sowohl  die  Aufnahmevor- 
richtung  (12'),  wie  auch  die  Detektionsvorrichtung 
(30'),  wie  auch  der  erste  und  zweite  AnschluB  (52', 
62')  aus  einem  Material  gefertigt  sind,  das  bei  einer 

40  Temperatur  unterhalb  seiner  jeweiligen  Supra-Lei- 
tungs-Transitions-Temperatur  supra-leitend  wird. 

10.  Biomagnetometer  (10')  nach  Anspruch  9,  dadurch 
gekennzeichnet,  daR  der  erste  AnschluB  (52')  und 

45  der  zweite  AnschluB  (62')  aus  verschiedenen  Ma- 
terialien  gefertigt  sind,  die  unterschiedliche  Supra- 
Leitungs-Transitions-Temperaturen  aufweisen. 

11.  Biomagnetometer  (10')  nach  Anspruch  8,  dadurch 
so  gekennzeichnet,  daR  wenigstens  eine  der  Behal- 

tervorrichtungen  (14',  70)  ein  langliches  Kabel  ist. 

12.  Biomagnetometer  (10')  nach  Anspruch  8,  dadurch 
gekennzeichnet,  daR  der  Induktiv-Koppler  (116') 

55  ein  Paar  einander  zugewandter  aber  beabstandeter 
flacher  Spulen  (118',  120')  aufweist,  wobei  eine 
Spule  (118')  mit  dem  ersten  AnschluB  (52')  und  die 
andere  Spule  (1  20')  mit  dem  zweiten  AnschluB  (62') 

25  8. 
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verbunden  ist. 

13.  Biomagnetometer  (10')  nach  Anspruch  8,  dadurch 
gekennzeichnet,  daR  der  Induktiv-Koppler  (116') 
eine  mit  einem  mit  dem  ersten  AnschluB  (52')  ver- 
bundene  erste  spiralformige  Spule  und  einem  mit 
dem  zweiten  AnschluB  (62')  verbundene  spiralfor- 
mige  Spule  aufweist,  wobei  eine  spiralformige  Spu- 
le  innerhalb  der  anderen  spiralformigen  Spule  an- 
geordnet  ist. 

14.  Biomagnetometer  nach  einem  der  vorhergehenden 
Anspruche,  dadurch  gekennzeichnet,  daR  wenig- 
stens  die  Aufnahmevorrichtung  (12,  12'),  die  Uber- 
tragungsvorrichtung  (56,  11  6')  oder  die  Detektions- 
vorrichtung  (30,  30')  aus  einem  Material  mit  einer 
Supra-Leitungstemperatur  von  mehr  als  77  K  gebil- 
det  ist. 

15.  Biomagnetometer  nach  einem  der  Anspruche  1  bis 
1  3,  dadurch  gekennzeichnet,  daR  wenigstens  die 
Aufnahmevorrichtung  (12,  12'),  die  Ubertragungs- 
vorrichtung  (56,  116')  und  die  Detektionsvorrich- 
tung  (30,  30')  aus  einem  Material  mit  einer  Supra- 
Leitungstemperatur  von  weniger  als  77  K  gebildet 
ist. 

16.  Biomagnetometer  (10,  10')  nach  einem  der  Anspru- 
che  1  bis  15,  wobei  die  zweite  Temperatur  kleiner 
als  die  erste  Temperatur  ist. 

17.  Biomagnetometer  (10,  10')  nach  einem  der  Anspru- 
che  1  bis  1  5,  wobei  die  zweite  Supra-Leitungs-Tran- 
sitionstemperatur  kleiner  ist  als  die  erste  Supra-Lei- 
tung-Transitionstemperatur. 

Revendications 

1  .  Biomagnetometre  (1  0/1  0')  avec  des  moyens  super- 
conducteurs  (12/12')  pour  capter  un  champs  ma- 
gnetique  et  des  moyens  superconducteurs  (30/30') 
pour  detecter  un  courant  electrique  faible,  contenu 
dans  au  moins  deux  logements  differents, 

les  moyens  capteurs  (12/12')  etant  operables 
si  maintenus  a  une  temperature  ne  depassant 
pas  une  premiere  temperature  de  transition  su- 
perconductrice; 

les  moyens  de  detection  (30/30')  etant  opera- 
bles  si  maintenus  a  une  temperature  ne  depas- 
sant  pas  une  seconde  temperature  de  transi- 
tion  superconductrice, 

et  comprenant  un  premier  logement  (14)  pour 
contenir  les  moyens  capteurs  et  pour  maintenir 
les  moyens  capteurs  a  une  premiere  tempera- 

ture  ne  depassant  pas  la  premiere  temperature 
de  transition  superconductrice  et, 

un  second  logement  (32/32')  pour  contenir  les 
5  moyens  de  detection  (30/30')  et  pour  maintenir 

les  moyens  de  detection  a  une  seconde  tem- 
perature  ne  depassant  pas  la  seconde  tempe- 
rature  de  transition  superconductrice, 

10  caracterise  en  ce  que  le  second  logement  est  diffe- 
rent  du  premier  logement, 

en  ce  que  le  second  logement  n'est  pas  conte- 
nu  dans  le  premier  logement; 

15 
et,  en  ce  que  le  biomagnetometre  (10/1  0')  com- 
prend  egalement 

des  moyens  (56/116')  pour  transmettre  un  si- 
20  gnal  electrique  a  partir  des  moyens  capteurs 

(12/12')  jusqu'au  moyens  de  detection  (30/30') 
sans  perte  de  signal,  a  cause  de  la  resistance 
electrique,  et  pour  permettre  la  separation  phy- 
sique  entre  le  premier  logement  (14/14')  et  le 

25  second  logement  (32/32'). 

2.  Biomagnetometre  (10)  suivant  la  revendication  1, 
comprenant  egalement  un  disjoncteur  electrique, 
realise  au  moins  partiellement  d'un  materiau  super- 

30  conducteur  a  des  temperatures  depassant  77  K, 
entre  le  moyen  (12)  pour  capter  un  champs  magne- 
tique  et  le  moyen  de  detection  (30). 

3.  Biomagnetometre  suivant  la  revendication  1  ou  2, 
35  dans  lequel  le  moyen  de  detection  (30)  est  un  dis- 

positif  superconducteur  d'interference  de  quanta. 

4.  Biomagnetometre  (10)  suivant  I'une  quelconque 
des  revendications  precedentes,  dans  lequel  le 

40  moyen  capteur  (12),  le  moyen  de  detection  (30)  et 
le  moyen  de  transmission  (56),  sont  contenus  dans 
un  logement  isole  (14,32). 

5.  Biomagnetometre  (10)  suivant  I'une  quelconque 
45  des  revendications  precedentes,  comprenant  une 

pluralite  de  moyens  capteurs  (12,12'),  renfermes 
dans  au  moins  deux  logements  isoles  (14,14'). 

6.  Biomagnetometre  (10)  suivant  I'une  quelconque 
so  des  revendications  precedentes,  dans  lequel  le 

moyen  de  transmission  (56)  est  renferme  dans  un 
logement  flexible  isole  (70). 

7.  Biomagnetometre  (1  0')  suivant  I'une  des  revendica- 
55  tions  1,3,4,  caracterise  en  ce  que  ledit  moyen  de 

transmission  comprend  un  coupleur  inductif  (116') 
ayant  une  paire  de  bobines  d'induction  (11  871  20') 
positionnees  I'une  a  cote  de  I'autre,  de  maniere  a 

11 
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ce  qu'un  courant  electrique  circulant  dans  une  pre- 
miere  bobine  (118'),  est  couple  a  une  seconde  bo- 
bine  (120'), 

la  premiere  bobine  d'induction  (118')  etant  ren-  s 
fermee  dans  le  premier  logement  (14'),  etant 
electriquement  connectee  au  moyen  capteur 
(12'),  et  etant  realisee  en  un  materiau  super- 
conducteur,  a  une  temperature  ou  le  moyen 
capteur  (12')  est  superconducteur,  et  10 

la  seconde  bobine  d'induction  (120')  etant  ren- 
fermee  dans  le  second  logement  (32'),  etant 
electriquement  connectee  avec  le  moyen  de 
detection  (30'),  et  etant  realisee  en  un  materiau  15 
qui  est  superconducteur  a  la  temperature  ou  le 
moyen  de  detection  (30')  est  superconducteur. 

8.  Biomagnetometre  (10')  suivant  la  revendication  7, 
dans  lequel  le  coupleur  inductif  (116')  connecte  un  20 
premier  branchement  (52')  a  un  second  branche- 
ment  (62'),  permettant  de  communiquer  un  signal 
electrique,  a  partir  de  la  bobine  captrice  (12'),  avec 
le  detecteur  (30')  et  dans  lequel  le  premier  branche- 
ment  (52')  est  renferme  dans  le  premier  logement  25 
(14')  et  le  second  branchement  (62')  est  renferme 
dans  le  second  logement  (32'). 

9.  Biomagnetometre  (10')  suivant  la  revendication  7, 
dans  lequel  chacun  des  moyens  capteurs  (12'),  les  30 
moyens  de  detection  (30')  et  les  premiers  et  les  se- 
conds  branchements  (52762')  sont  constitues  d'un 
materiau  devenant  superconducteur  a  une  tempe- 
rature  en-dessous  de  sa  temperature  respective  de 
transition  superconductrice.  35 

10.  Biomagnetometre  (10')  suivant  la  revendication  9, 
dans  lequel  le  premier  branchement  (52')  et  le  se- 
cond  branchement  (62')  sont  constitues  de  diffe- 
rents  materiaux  ayant  differentes  temperatures  de  40 
transition  superconductrices. 

11.  Biomagnetometre  (10')  suivant  la  revendication  8, 
dans  lequel  au  moins  un  des  logements  (1  4770)  est 
un  cable  prolonge.  45 

12.  Biomagnetometre  (10')  suivant  la  revendication  8, 
dans  lequel  le  coupleur  inductif  (116')  comprend 
une  paire  de  bobines  applaties,  se  faisant  face  mais 
etant  separees  (1187120'),  une  bobine  (118')  con-  so 
nectee  au  premier  branchement  (52')  et  I'autre  bo- 
bine  (120')  connectee  au  second  branchement 
(62'). 

13.  Biomagnetometre  (10')  suivant  la  revendication  8,  55 
dans  lequel  le  coupleur  inductif  (116')  comprend 
une  premiere  bobine  helicoi'dale  connectee  au  pre- 
mier  branchement  (52')  et  une  seconde  bobine  he- 

licoi'dale  connectee  au  second  branchement  (62'), 
une  des  bobines  helicoi'dales  etant  amenagee  dans 
I'autre  bobine  helicoi'dale. 

14.  Biomagnetometre  suivant  une  des  revendications 
precedentes,  dans  lequel  au  moins  un  des  ele- 
ments  capteurs  (12/12'),  les  moyens  de  transmis- 
sion  (56/116')  et  les  moyens  de  detection  (30/30') 
sont  constitues  d'un  materiau  ayant  une  tempera- 
ture  de  transition  superconductrice,  depassant  77 
K. 

15.  Biomagnetometre  suivant  une  des  revendication  1 
a  1  3,  dans  lequel  au  moins  un  des  moyen  capteurs 
(12/12'),  des  moyens  de  transmisssion  (56/116')  et 
des  moyens  de  detection  (30/30')  sont  constitues 
d'un  materiau  possedant  une  temperature  de  tran- 
sition  superconductrice  inferieure  a  77  K. 

16.  Biomagnetometre  (10/10')  suivant  I'une  quelcon- 
que  des  revendications  1  a  15,  dans  lequel  la  se- 
conde  temperature  est  inferieure  a  la  premiere  tem- 
perature. 

17.  Biomagnetometre  (10/10')  suivant  I'une  quelcon- 
que  des  revendications  1  a  15,  dans  lequel  la  se- 
conde  temperature  de  transition  superconductrice 
est  inferieure  a  la  premiere  temperature  de  transi- 
tion  superconductrice. 
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