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Description 

The  invention  relates  to  a  nuclear  magnetic 
resonance  apparatus  with  a  magnet  system  con- 
taining  a  permanent  magnetic  material  for 
generating  a  uniform  main  magnetic  field,  a 
system  of  gradient  coils  and  a  radio-frequency 
coil. 

An  apparatus  of  this  type  is  known  from  the 
PCT  patent  application  No.  WO  84/01226.  A  draw- 
back  of  the  known  apparatus  is  that,  since  only  a 
slight  departure  from  the  desired  direction  of 
magnetisation  of  the  permanent  magnet  material 
has  a  disturbing  effect  on  the  uniformity  of  the 
measurement  field  to  be  generated,  the  blocks  of 
material,  which  are  in  a  form  of  a  composite,  are 
difficult  to  magnetise  sufficiently  accurately  with 
respect  to  direction.  With  the  indicated  limited 
amount  of  post-alignment  of  the  blocks  in  a  radial 
direction  any  resultant  non-unformity  of  the  field 
is  often  difficult  to  overcome.  It  is  also  difficult  to 
build  up  the  magnet  in  the  form  of  a  ring  of 
blocks. 

The  invention  aims  at  overcoming  these  dis- 
advantages  and  therefore  relates  to  a  nuclear 
magnetic  resonance  apparatus  of  the  type  men- 
tioned  in  the  preamble,  such  that  the  permanent 
magnetic  material  consists  mainly  of  laterally 
magnetised  bars,  bounded  by  flat  planes,  which 
bars  surround,  about  a  longitudinal  axis,  a  mag- 
netic  field  space  (28)  which  in  lateral  cross-section 
is  substantially  polygonal. 

On  the  basis  of  bars  of  permanent  magnetic 
material  which,  by  virtue  of  their  shape,  are 
relatively  easy  to  magnetise  directionally,  a  field 
space  of  polygonal  cross-section  is  formed  in 
which  the  magnetic  field  possesses  sufficient 
uniformity  to  enable  medical  nuclear  magnetic 
resonance  examinations  to  be  carried  out  within  a 
relatively  large  volume,  even  without  post- 
alignment  of  the  bars.  The  measurement  space 
can  be  given  a  geometry  suited  to  the  nature  of 
the  examination  to  be  performed. 

In  a  preferred  embodiment  the  magnet  contains 
four  bars  having  as  transverse  cross-section  a 
right-angled  isosceles  triangle  in  which  the  direc- 
tion  of  magnetisation  coincides  with  the  bisector 
of  the  apex  angle.  Side  faces  of  the  four  bars 
determine  a  field  space  of  square  cross-section 
which,  seen  in  the  length  direction,  is  surrounded 
by  the  bars.  Both  the  sie  and  the  length  dimension 
of  the  magnet  can  be  freely  chosen,  whereby  it  is 
preferably  for  the  sake  of  field  uniformity  to  make 
the  length  at  least  equal  to  the  length  of  the  side 
and  preferably  about  1.5  times  longer. 

In  another  embodiment  the  magnet  contains  a 
field  space  of  rectangular  cross-section  two  oppo- 
site  sides  of  which  are  formed  by  the  base  planes 
of  permanent  magnetic  bars  with  a  right-angled 
isosceles  triangle  as  cross-section,  the  other  two 
sides  being  formed  by  flat  sides  of  two  inter- 
mediate  bars  with  a  trapezium  as  cross-section. 

In  a  further  embodiment  the  magnet  contains  a 
field  space  of  six  angular  cross-section,  four  sides 
of  which  being  formed  by  the  side  planes  of 

permanent  magnetic  bars  with  right-angled 
isosceles  triangle  as  cross-section,  the  further  two 
sides  being  formed  by  flat  sides  of  two  inter- 
mediate  bars  with  a  substantially  rectangular 

5  cross-section.  Each  of  the  permanent  magnets 
thus  formed  is  surrounded  by  a  return  yoke  of 
material  with  a  relatively  high  permeability,  fitted 
to  short-circuit  and  return  the  magnetic  lines  of 
force  that  occur  at  this  position.  With  such  mag- 

w  net  systems  there  is  consequently  no  interfering 
stray  field,  at  least  in  the  lateral  direction.  The 
geometry  of  the  return  yoke  can  be  matched 
locally  to  the  prevailing  magnetic  flux,  so  that  the 
overall  mass  of  the  magnet  system  can  be 

m  reduced. 
By  the  addition  of  extra  magnetic  provisions  in 

the  form  of  extra  permanent  magnetic  material, 
ferromagnetic  material  or  electromagnetic  coils 
or  by  adapted  spacings  between  the  bars  of 

20  permanent  magnetic  material,  the  field  uniformity 
in  the  measurement  space  can  be  increased  or  the 
useful  measurement  space  enlarged.  With  these 
aids  it  is  also  possible  to  improve  specifically  the 
uniformity  of  the  main  field  in  the  field  space  near 

25  to  one  of  the  longitudinal  end  planes. 
By  cladding  the  field  space  with  a  strongly 

anisotropic  magnetic  material  the  effects  of  local 
disturbances  in  the  direction  of  magnetisation  on 
the  field  uniformity  in  the  measurement  space 

30  can  be  neutralised. 
In  a  further  embodiment  the  gradient  coils  of 

the  apparatus,  which  are  necessary  for  the 
measurement  and  subsequent  display,  can  be 
incorporated  in  spaces  that  occur  as  a  result  of  the 

35  chosen  configuration  of  the  permanent  magnetic 
material  in  the  magnet  system.  At  the  usual 
operating  frequencies  of  the  gradient  coils  the 
permanent  magnetic  material  will  have  a  suffi- 
ciently  low  screening  factor  to  permit  such  an 

40  arrangement  provided  that  ferrite  is  used. 
In  the  following  some  preferred  embodiments 

in  accordance  with  the  invention  will  be  described 
in  more  detail  with  reference  to  the  drawings,  in 
which: 

45  Figure  1  shows  a  nuclear  magnetic  resonance 
apparatus  provided  with  a  permanent  magnet  in 
accordance  with  the  invention 

Figure  2  shows  schematically  the  structure  and 
the  configurations  of  basic  forms  of  permanent 

so  magnets  therefor, 
Figure  3  shows  embodiments  of  such  magnet 

systems  in  lateral  cross-section,  and 
Figure  4  shows  such  a  magnet  system  provided 

with  field  connecting  magnetic  devices. 
55  A  nuclear  magnetic  resonance  apparatus  as 

shown  in  Figure  1  contains  a  permanent  magnet 
system  2  for  generating  a  steady  unform  mag- 
netic  field  H,  a  magnetic  system  4  for  generating 
magnetic  gradient  fields,  usually  formed  by  a 

so  three-axis  electromagnetic  coil  system,  a  power 
source  6  for  the  system  of  gradient  coils  4  and  a 
radio-frequency  excitation  coil  10  for  generating  a 
radio-frequency  alternating  electromagnetic  field 
for  which  purpose  the  coil  10  is  connected  to  a 

65  radio-frequency  source  12.  For  detecting  nuclear 
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nagnetic  resonance  signals  generated  by  the 
adio-frequency  field  in  an  object  under  examina- 
ion,  use  is  also  made  here,  for  simplicity,  of  the 
adio-frequency  coil  10  which  is  connected  for 
hat  purpose  to  a  signal  amplifier  14.  The  signal 
implifier  14  is  connected  to  a  phase-sensitive 
ectifier  16  which  is  connected  to  a  central  control 
init  18.  The  central  control  unit  18  also  controls  a 
nodulator  20  for  the  radio-frequency  source  12, 
he  power  source  6  for  the  gradient  coils  and  a 
nonitor  22  for  the  display.  A  high-frequency 
>scillator  24  controls  both  the  modulator  20  and 
he  phase-sensitive  rectifier  16  which  processes 
he  measurement  signals.  The  excitation  coil  10 
)laced  inside  the  magnet  system  2  and  4 
surrounds  and  defines  a  measurement  space  28 
vhich,  in  an  apparatus  for  so-called  total  body 
luclear  magnetic  resonance  measurements,  is 
arge  enough  to  contain  a  patient.  Thus  there 
nust  be  generated  in  the  measurement  space  28 
3  steady  uniform  magnetic  field  H,  gradient  fields 
or  defining  those  sectional  regions  of  an  object 
jnder  examination  which  are  to  be  measured  and 
displayed,  and  a  spatially  uniform  radio-fre- 
quency  alternating  field  for  generating  nuclear 
nagnetic  resonance  signals.  For  certain  examina- 
:ions  such  as  those  to  be  carried  out  on  the  more 
Deripheral  parts  of  the  body,  but  also,  for 
sxample,  for  examination  of  the  spinal  cord,  it 
may  be  more  advantageous  to  make  use  for 
detection  of  radio-frequency  coils,  whose  shape 
:an  be  matched  to  the  part  of  the  body  under 
sxamination,  such  as  surface  coils  for  local  body 
sxamination,  for  example  cardiac  and  spinal  cord 
examinations,  or  solenoid-type  coils  into  which 
more  peripheral  parts  of  the  body  can  be  intro- 
duced.  The  latter  would  include  more  specially 
examinations  of  arms,  legs  and  breast.  The  detec- 
tion  coil  is  then  included  in  a  measurement  space 
in  which  the  exciation  coil  can  generate  a  locally 
uniform  radio-frequency  field  or  in  which  the 
measurement  coil  itself  can  produce  that  radio- 
frequency  field.  For  this  application  in  particular  it 
is  often  desirable  that  the  main  magnetic  field 
should  be  sufficiently  uniform  close  to  one  of  the 
axial  ends  of  the  magnet  system. 

Figure  2  shows  schematically  how,  on  the  basis 
of  laterally  magnetised  plates  of  permanent  mag- 
netic  material,  different  magnet  configurations 
can  be  built  up  for  specific  purposes. 

Figure  2a  shows  in  lateral  cross-section  plates 
of  permanent  magnetic  material  30  each  of  thick- 
ness  b,  arranged  at  a  mutual  distance  a  where,  for 
simplicity,  it  is  shown  that  a  =  b,  but  that  is  not  a 
condition  for  the  validity  of  the  following.  The 
plates  30  are  magnetised  along  the  direction  of 
the  indicated  arrows  m.  As  a  result  a  magnetic 
field  H  is  generated  in  spaces  32  between  the 
plates.  If  the  extent  of  the  plates  30  is  made  large 
the  field  H  between  the  plates  will  be  uniform  to  a 
high  degree.  In  such  a  system  no  change  will  take 
place  in  the  magnetic  field  in  the  spaces  32  nor  in 
the  magnetisation  in  the  material  when  the  dis- 
tribution  of  the  permanent  magnetic  material  30 
and  the  intermediate  spaces  32  are  given  the 

COntiguratlOn  snown  in  Tigure  ^u.  mis  win  disu 
apply  if  the  system  in  figure  2b  is  converted  by  a 
rotation  of  90  degrees  in  the  plane  of  the  drawing 
into  the  configuration  shown  in  figure  2c.  A 

5  perimssible  superposition  of  the  configurations 
shown  respectively  in  figure  2b  and  2c  results  in 
the  configuration  shown  in  figure  2d.  A  part  of  the 
configuration  shown  in  figure  2d  cut  out  along  the 
dashed  lines  34,  35,  36  and  37  with  corner  points 

o  A,  B,  C  and  D  results  in  a  magnet  with  a  cross- 
section  as  indicated  in  figure  2e.  Using  a  return 
yoke  40  of  material  with  a  high  magnetic  permea- 
bility,  a  lateral  cross-section  of  which  can  be 
locally  matched  to  the  magnetic  flux  prevailing  at 

5  any  given  point,  a  useful  magnet  system  has  been 
produced.  In  dimensioning  the  return  yoke  it  is 
advantageous  to  select  a  flux  value  which  is  no 
greater  than  approximately  half  the  saturation 
magnetisation  of  the  material.  Outside  the  return 

'.o  yoke  there  will  then  be  no  interfering  stray  mag- 
netic  field.  For  total  body  examinations  the  side  of 
the  square  field  space  32  shown  here  in  cross- 
section  has  a  length  of  for  example  0.75  m;  for 
peripheral  examinations  a  side  of  for  example 

>s  about  0.25  m  is  sufficient. 
A  part  of  the  configuration  of  figure  2d  along 

dashed  lines  34,  35,  38  and  39  with  corner  points 
E,  B,  F  and  G  results  in  a  configuration  as 
indicated  in  figure  2f.  This  configuration  when 

?o  divided  along  a  line  42  and  after  the  interposition 
of  connecting  pieces  in  the  form  of  spacing 
magnets  44  with  a  magnetisation  whose  intensity 
is  equal  to  that  of  the  triangles  divided  by  the  line 
42,  results  in  a  useful  magnet  system  with  a  field 

35  space  28  as  indicated  in  figure  2g.  Around  the 
magnet  system  there  is  provided,  as  before,  a 
return  yoke  40  of  material  having  a  high  permea- 
bility.  The  return  yoke  40  can  be  reduced  from  the 
viewpoint  of  the  conduction  of  magnetic  flux  to  a 

to  zero  thickness  adjacent  the  middle  46  of  the 
spacing  magnets  44,  because  no  magnetic  flux 
will  be  present  at  this  location.  For  this  reason  the 
yoke  can  be  given  the  shape  indicated  by  the  lines 
48  in  figure  3a.  The  mass  of  the  return  yoke  can 

45  thus  be  reduced,  resulting  in  a  magnet  as  shown 
in  figure  3.  On  the  other  hand,  while  maintaining 
sufficient  uniformity  in  the  magnetic  field  H  in  the 
field  space  28,  the  spacing  permanent  magnetics 
44  can  be  given  a  different  shape,  for  example, 

50  made  thinner,  in  the  radial  direction,  i.e.  in  the 
direction  of  magnetisation.  As  a  result,  however, 
the  value  of  the  magnetic  field  will  change.  By 
matching  the  return  yoke  40  to  the  resultant 
geometry  of  the  permanent  magnetic  material  a 

55  magnetic  system  as  indicated  in  figure  3b  is 
obtained.  Here  too,  incidentally,  the  thickness  of 
the  yoke  40  can  be  reduced  in  a  corresponding 
manner  adjacent  the  centre  of  each  of  the  outer 
faces  of  the  spacing  magnets  44. 

60  Similarly,  on  the  basis  of  figure  2e  a  magnet 
having  a  configuration  as  shown  in  figure  3c  can 
be  realized  by  division  along  a  dividing  line  41 
and  addition  of  intermediate  pieces  43  and 
another  yoke  40.  In  accordance  with  the  geomet- 

65  ries  shown  in  the  figures  3a  and  3b  yoke  material 
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can  again  be  saved  or  the  mass  of  the  permanent 
magnetic  material  can  be  optimized.  The  advan- 
tage  of  configurations  based  on  that  shown  in 
figure  3c  consists  mainly  in  the  considerably 
more  attractive  ratio  of  useful  open  space  and 
total  open  space  as  can  be  deduced  directly  from 
the  configuration  shown. 

In  order  to  reduce  the  total  mass,  the  length  of 
magnets  formed  in  accordance  with  the  foregoing 
can  be  limited  in  the  axial  direction  to  for  example 
about  1.5  to  2  times  the  relevant  cross-section 
dimension  of  the  field  space  of  the  permanently 
magnetized  bars.  When  the  cross-section  is 
decreased,  the  mass  reduction  is  approximately 
proportional  to  the  third  power  of  the  linear 
dimensions,  since  the  length  can  then  also  be 
reduced.  The  line  of  thought  as  described  above 
with  reference  to  figure  2  for  one  dimension  can 
also  be  applied  to  three  dimensions,  so  that  an 
octahedral  magnet  is  produced  with  a  field  space 
in  which,  apart  from  irregularities  in  the  per- 
manent  magnet  material,  an  ideal  degree  of  field 
uniformity  is  obtained.  The  measurement  space  is 
then  however  enclosed  on  all  sides  by  permanent 
magnetic  material  or  by  yoke  material  and  is  thus 
not  accessible  to  objects  that  are  to  be  examined. 

An  example  of  a  magnet  of  limited  length  is 
given  in  figure  4.  In  cross-section,  this  magnet 
corresponds  substantially  to  the  magnet  sketched 
in  figure  3a.  Here  too,  the  return  yoke  40  can  be 
reduced.  The  uniformity  of  the  magnetic  field  in 
the  field  space  28  is  improved  here  by  the  addi- 
tion  of  a  cladding  layer  50  of  a  strongly  anisot- 
ropic  soft  magnetic  material.  In  a  practical 
implementation  this  material  is  composed,  for 
example,  of  a  laterally  oriented  structure  of 
lamellae  formed  alternately  of  magnetic  material 
of  high  permeability  and  of  non-magnetic 
material.  This  cladding  layer  neutralises  field  non- 
uniformities  in  the  bars  30  and  44,  respectively. 
Strips  of  permanent  magnetic  material  such  as 
lengthwise  strips  52  and  crosswise  strips  54  are 
applied  to  reduce  the  negative  effect  of  the  finite 
length  of  the  field  space.  For  this  purpose  an 
electromagnetic  coil  can  alternatively  be  used, 
placed  near  an  end  face  56  or  near  both  end  faces 
56  and  58.  The  advantage  of  a  coil  is  that  it 
enables  the  degree  of  uniformity  of  the  fied  to  be 
matched  rapidly  and  optimally  to  the  require- 
ments  of  the  user  on  the  spot.  For  example  the 
field  uniformity  near  an  end  face  can  be 
improved,  possibly  at  the  expense  of  the  uni- 
formity  nearer  the  centre.  The  same  improvement 
can  also  be  realised  with  the  magnetic  strips.  But 
that  is  then  no  longer  adjustable.  For  reasons  of 
symmetry  it  may  be  advantageous  to  let  the 
cladding  layer,  as  indicated  in  the  present 
example,  extend  along  the  intersection  planes  of 
the  dividing  lines  42,  but  that  is  not  necessary. 

In  the  permanent  magnets  built  up  in  accord- 
ance  with  the  invention  there  are  empty  spaces 
that  cannot  effectively  be  used.  In  a  practical 
implementation  the  gradient  coils  required  for 
sectional  measurement  and  subsequent  display 
can  be  accommodated  in  these  spaces.  Since  the 

gradient  coils  do  not  then  need  to  be  incorporated 
in  the  field  space  to  be  effectively  used,  the  field 
space  can  be  made  smaller,  so  that  a  gain  is 
achieved  as  regards  the  mass  of  the  magnet  while 

5  maintaining  accessibility  and  field  strength.  Fig- 
ure  3a  shows  very  schematically  how  gradient 
coils  60  can  be  incorporated  in  clear  spaces  in  the 
magnet  system. 

w  Claims 

1.  Nuclear  magnetic  resonance  apparatus  with 
a  magnet  system  (2)  built  up  from  permanent 
magnetic  material  for  generating  a  homogeneous 

15  main  magnetic  field  (H),  in  which  the  permanent 
magnetic  material  consists  mainly  of  laterally 
magnetised  bars  (30,  44)  bounded  by  flat  planes, 
which  bars  (30,  44)  surround,  about  a  longitudinal 
axis,  a  magnetic  field  space  (28,  32)  which  in 

20  lateral  cross-section  is  substantially  polygonal. 
2.  Nuclear  magnetic  resonance  apparatus  as 

claimed  in  Claim  1,  in  which  the  permanent 
magnetic  material  consists  substantially  of  four 
bars  (30)  each  forming  in  cross-section,  a  right 

25  angled  isosceles  triangle,  which  enclose  in  cross- 
section  a  square  field  space  (32),  and  which  are 
magnetised  in  the  direction  of  the  bisector  of  the 
apex  angle. 

3.  Nuclear  magnetic  resonance  apparatus  as 
30  claimed  in  Claim  1,  in  which  the  permanent 

magnetic  material  consists  chiefly  of  two  bars  (30) 
forming  an  isosceles  triangle  the  apex  angle  of 
which  in  cross-section  is  a  right  angle,  and  two 
bars  forming  in  cross-section  a  trapezium  (44) 

35  which  together  surround  a  rectangular  field  space 
(28). 

4.  Nuclear  magnetic  resonance  apparatus  as 
claimed  in  Claim  1  in  which  the  permanent  mag- 
netic  material  consists  chiefly  of  four  bars  (30) 

40  each  forming  in  cross-section  a  right  angled 
iscosceles  triangle  and  two  bars  (43)  with  a 
rectangular  cross-section  which  together 
surround  an  in  cross-section  hexagonal  field 
space  (28). 

45  5.  Nuclear  magnetic  resonance  apparatus  as 
claimed  in  any  one  of  the  foregoing  Claims,  in 
which  a  return  yoke  (40)  of  material  with  a 
relatively  high  permeability  is  placed  around  the 
permanent  magnetic  material. 

so  6.  Nuclear  magnetic  resonance  apparatus  as 
claimed  in  Claim  5,  in  which  the  local  cross- 
section  of  the  return  yoke  (40)  at  right  angles  to 
the  locally  prevailing  magnetic  flux  is  matched  to 
the  strength  of  that  flux. 

55  1.  Nuclear  magnetic  resonance  apparatus  as 
claimed  in  any  one  of  the  foregoing  claims,  in 
which  that  part  of  the  field  space  which  is 
surrounded  by  the  permanent  magnetic  material, 
is  clad  with  a  strongly  anisotropic  magnetic 

60  material  (50). 
8.  Nuclear  magnetic  resonance  apparatus  as 

claimed  in  Claim  7,  in  which  the  cladding  material 
(50)  has  a  laterally  oriented  lamellar  structure 
consisting  alternately  of  high-permeability  mag- 

65  netic  material  and  of  non-magnetic  material. 
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9.  Nuclear  magnetic  resonance  apparatus  as 
claimed  in  Claim  3,  in  which  the  bars  (44)  with  a 
:rapezoidal  cross-section  have  in  the  direction  of 
Tiagnetisiation  a  dimension  smaller  than  the 
leight  of  the  triangular  bars  (30),  and  the  shape  of 
:he  return  yoke  (40)  is  adapted  accordingly. 

10.  Nuclear  magnetic  resonance  apparatus  as 
;laimed  in  any  one  of  the  foregoing  Claims,  in 
which  the  bars  are  limited  lengthwise  to  the  range 
From  one  to  two  times  the  field  space  cross- 
section  formed  by  the  permanent  magnetic  bars 
and  magnetic  means  (52,  54)  are  provided  to 
improve  the  field  uniformity  in  the  field  space. 

11.  Nuclear  magnetic  resonance  apparatus  as 
claimed  in  Claim  10,  in  which  further  magnetic 
means  are  adapted  to  give  an  improvement  of 
Field  uniformity  nearer  at  least  one  of  the  end 
Faces  (56,  58)  of  the  magnet. 

Patentanspriiche 

1  .  Kernspinresonanzapparat  mit  einem  aus  dau- 
ermagnetischem  Werkstoff  aufgebauten  Magnet- 
system  (2)  zum  Erzeugen  eines  homogenen 
Hauptmagnetfelds  (H),  wobei  der  dauermagneti- 
sche  Werkstoff  im  wesentlichen  aus  seitlich 
magnetisierten  Stangen  (30,  44)  besteht,  die 
durch  flache  Ebenen  begrenzt  werden  und  ent- 
lang  einer  Langsachse  einen  Magnetfeldraum  (28, 
32)  umschlielSen,  der  im  Seitenquerschnitt  im 
wesentlichen  vieleckig  ist. 

2.  Kernspinresonanzapparat  nach  Anspruch  1, 
dadurch  gekennzeichnet,  dafS  der  dauermagneti- 
sche  Werkstoff  im  wesentlichen  aus  vier  Stangen 
(30)  besteht,  die  im  Querschnitt  je  ein  rechtwinkli- 
ges,  gleichschenkliges  Dreieck  bilden,  im  Quer- 
schnitt  einen  vierkantigen  Feldraum  (32)  ein- 
schlielSen  und  in  der  Richtung  der  Offnungs- 
winkelhalbierenden  magnetisiert  sind. 

3.  Kernspinresonanzapparat  nach  Anspruch  1, 
dadurch  gekennzeichnet,  dafi  der  dauermagneti- 
sche  Werkstoff  hauptsachlich  aus  zwei  Stangen 
(30),  die  ein  gleichschenkliges  Dreieck  bilden, 
dessen  Offnungswinkei  im  Querschnitt  ein  rech- 
ter  Winkel  ist,  und  aus  zwei  Stangen  besteht,  die 
im  Querschnitt  ein  Trapez  (44)  biiden,  die  zusam- 
men  einen  rechteckigen  Feldraum  (28)  einschlie- 
I3en. 

4.  Kernspinresonanzapparat  nach  Anspruch  1, 
dadurch  gekennzeichnet,  daft  der  dauermagneti- 
sche  Werkstoff  hauptsachlich  aus  vier  Stangen 
(30),  die  je  im  Querschnitt  ein  rechtwinkliges, 
gleichschenkliges  Dreieck  bilden,  und  aus  zwei 
Stangen  (43)  mit  einem  rechteckigen  Querschnitt 
besteht,  die  zusammen  einen  querschnittlich 
sechseckigen  Feldraum  (28)  umschlielSen. 

5.  Kernspinresonanzapparat  nach  einem  Oder 
mehreren  der  vorangehenden  Anspruche, 
dadurch  gekennzeichnet,  dafS  urn  den  dauerma- 
gnetischen  Werkstoff  ein  Ruckkehrjoch  (40)  aus 
einem  Material  mit  verhaltnismalSig  hoher  Per- 
meabilitat  angeordnet  ist. 

6.  Kernspinresonanzapparat  nach  Anspruch  5, 
dadurch  gekennzeichnet,  dalS  der  ortliche  Quer- 
schnitt  des  Ruckkehrjochs  (40)  senkrecht  zum 

ortlich  herrschenden  MagnettlulS  an  die  btarKe 
dieses  Flusses  angepa&t  wird. 

7.  Kernspinresonanzapparat  nach  einem  oder 
mehreren  der  vorangehenden  Anspruche, 

5  dadurch  gekennzeichnet,  dafc  ein  Teil  des  vom 
dauermagnetischen  Werkstoff  umschlossenen 
Feldraums  mit  einem  stark  anisotropischen 
Magnetwerkstoff  bedeckt  ist. 

8.  Kernspinresonanzapparat  nach  Anspruch  7, 
to  dadurch  gekennzeichnet,  daft  das  Uberzugsmate- 

rial  (50)  eine  seitlich  orientierte  Lamellenstruktur 
hat,  die  abwechselnd  aus  hochpermeablem 
Magnetwerkstoff  und  aus  nichtmagnetischem 
Material  besteht. 

is  9.  Kernspinresonanzapparat  nach  Anspruch  3, 
dadurch  gekennzeichnet,  daft  die  Stangen  (44) 
mit  trapezformigem  Querschnitt  in  der  Richtung 
der  Magnetisierung  um  eine  Abmessung  kleiner 
ist  als  die  Hohe  der  Dreieckstangen  (30),  und  daft 

?o  die  Form  des  Ruckkehrjochs  (40)  entsprechend 
daran  angepaftt  wird. 

10.  Kernspinresonanzapparat  nach  einem  oder 
mehreren  der  vorangehenden  Anspruche, 
dadurch  gekennzeichnet,  daft  die  Stangen  lan- 

25  genmaftig  im  Bereich  vom  Ein-  oder  Zweifachen 
des  von  den  dauermagnetischen  Stangen  gebil- 
deten  Feldraumquerschnitts  begrenzt  werden, 
und  daft  magnetische  Mittel  (52,  54)  zur  Vergro- 
fterung  der  Feldgleichformigkeit  im  Feldraum 

30  vorgesehen  sind. 
11.  Kernspinresonanzapparat  nach  Anspruch 

10,  dadurch  gekennzeichnet,  daft  weiter  magne- 
tische  Mittel  in  dem  Sinne  ausgefuhrt  sind,  daft 
sie  eine  Vergrofterung  der  Feldgleichformigkeit  in 

35  der  Nahe  wenigstens  einer  der  Endflachen  (56, 
58)  des  Magneten  ergeben. 

Revendications 

40  1.  Appareil  de  resonance  magnetique  nucleaire 
comportant  un  systeme  d'aimant  (2)  fait  d'une 
matiere  magnetique  permanente  destinee  a 
engendrer  un  champ  magnetique  principal  (H) 
homogene,  dans  lequel  la  matiere  magnetique 

45  permanente  est  constitute  principalement  de  bar- 
reaux  magnetises  lateralement  (30,  44),  definis  ou 
bornes  par  des  faces  planes  et  entourant,  autour 
d'un  axe  longitudinal,  un  espace  de  champ 
magnetique  (28;  32)  qui,  vu  en  coupe  laterale,  est 

so  en  substance  polygonal. 
2.  Appareil  de  resonance  magnetique  nucleaire 

suivant  la  revendication  1,  dans  lequel  la  matiere 
magnetique  permanente  est  constituee  en  subs- 
tance  de  quatre  barreaux  (30),  ayant  chacun,  en 

55  coupe  transversale,  la  forme  d'un  triangle  isocele 
a  angle  droit,  qui  enferment  un  espace  de  champ 
carre  en  coupe  (32)  et  qui  sont  magnetises  dans  la 
direction  de  la  bissectrice  de  Tangle  au  sommet. 

3.  Appareil  de  resonance  magnetique  nucleaire 
60  suivant  la  revendication  1,  dans  lequel  la  matiere 

magnetique  permanente  est  constituee  principa- 
lement  de  deux  barreaux  (30)  formant  un  triangle 
isocele  dont  Tangle  au  sommet  est,  en  coupe,  un 
angle  droit,  et  de  deux  barreaux  formant,  en 

65  coupe,  un  trapeze  (44),  qui  entourent  ensemble 
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un  espace  de  champ  rectangulaire  (28). 
4.  Appareil  de  resonance  magnetique  nucleaire 

suivant  la  revendication  1,  dans  lequel  la  matiere 
magnetique  permanente  est  constituee  principa- 
lement  de  quatre  barreaux  (30)  formant  chacun, 
en  coupe,  un  triangle  isocele  a  angle  droit  et  de 
deux  barreaux  (43)  de  section  rectangulaire  qui 
entourent  ensemble  un  espace  de  champ  hexago- 
nal  en  coupe  (28). 

5.  Appareil  de  resonance  magnetique  nucleaire 
suivant  Tune  quelconque  des  revendications  pre- 
cedentes,  dans  lequel  une  culasse  de  retour  (40) 
en  une  matiere  a  permeabilite  relativement  ele- 
vee  est  placee  autour  de  la  matiere  magnetique 
permanente. 

6.  Appareil  de  resonance  magnetique  nucleaire 
suivant  la  revendication  5,  dans  lequel  la  section 
transversale  locale  de  la  culasse  de  retour  (40) 
perpendiculairement  au  flux  magnetique  regnant 
localement  est  adaptee  a  Tintensite  de  ce  flux. 

7.  Appareil  de  resonance  magnetique  nucleaire 
suivant  Tune  quelconque  des  revendications  pre- 
cedentes,  dans  lequel  la  partie  de  Tespace  de 
champ  qui  est  entouree  par  la  matiere  magneti- 
que  permanente  est  revetue  d'une  matiere  forte- 
ment  anisotrope  (50). 

8.  Appareil  de  resonance  magnetique  nucleaire 
suivant  la  revendication  7,  dans  lequel  la  matiere 

de  revetement  (50)  presente  une  structure  lamel- 
laire  orientee  lateralement  constituee  de  matiere 
magnetique  a  haute  permeabilite  alternant  avec 
de  la  matiere  non  magnetique. 

5  9.  Appareil  de  resonance  magnetique  nucleaire 
suivant  la  revendication  3,  dans  lequel  les  bar- 
reaux  de  section  transversale  trapesoi'dale  (44) 
ont,  dans  la  direction  de  magnetisation,  une 
dimension  inferieure  a  la  hauteur  des  barreaux 

m  triangulaires  (30)  et  la  forme  de  la  culasse  de 
retour  (40)  est  adaptee  de  maniere  correspon- 
dante. 

10.  Appareil  de  resonance  magnetique 
nucleaire  suivant  Tune  quelconque  des  revendi- 

15  cations  precedentes,  dans  lequel  les  barreaux 
sont  limites  dans  le  sens  longitudinal  a  la  gamme 
d'une  a  deux  fois  la  section  transversale  de 
Tespace  de  champ  forme  par  les  barreaux  magne- 
tiques  permanents  et  des  moyens  magnetiques 

20  (52,  54)  sont  prevus  pour  ameliorer  Tuniformte  du 
champ  dans  Tespace  de  champ. 

11.  Appareil  de  resonance  magnetique 
nucleaire  suivant  la  revendication  10,  dans  lequel 
d'autres  moyens  magnetiques  sont  prevus  pour 

25  assurer  une  amelioration  de  Tuniformite  du 
champ  pres  d'au  moins  une  des  faces  d'extremite 
(56,  58)  de  Taimant. 
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