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Description 

BACKGROUND  OF  THE  INVENTION 

This  invention  relates  to  an  NMR  imaging 
method  using  nuclear  magnetic  resonance 
(hereinbelow  abbreviated  NMR),  in  particular  to  an 
NMR  imaging  method  permitting  to  remove  artifact 
originating  from  an  object  body  to  be  examined 
outside  a  uniform  magnetic  field. 

In  NMR  imaging  it  is  necessary  to  separate 
and  recognize  signals  coming  from  an  object  body 
to  be  examined,  by  making  them  correspond  to  the 
position  of  each  part  in  the  object  body  to  be 
examined.  In  a  known  method,  different  magnetic 
fields  are  applied  to  different  parts  of  the  object 
body  to  be  examined  and  positional  information  is 
obtained  by  making  the  resonance  frequency  or 
the  phase  shift  quantity  different  at  different  parts 
of  the  object  body  to  be  examined.  Fig.  2  shows 
schemes  for  explaining  the  principle  of  the  method 
described  above  and  represents  variations  in  the 
high  frequency  magnetic  field,  gradient  magnetic 
field  and  detection  signal  with  respect  to  time.  That 
is,  a  high  frequency  magnetic  field  and  a  gradient 
magnetic  field,  which  are  applied  to  the  object 
body  to  be  examined,  and  an  NMR  signal  originat- 
ing  from  the  object  body  to  be  examined  are 
illustrated  there.  This  method  is  named  Fourier 
zeugmatography  method  by  Kumar  et  al.  and  its 
fundamental  principle  is  described  in  Journal  of 
Magnetic  Resonance  (18,  69-83  (1975)).  The  spin 
warp  method,  which  is  a  modification  thereof,  has 
been  also  proposed  (Phys.  Med.  Biol.  25,751 
(1980))  and  starting  therefrom,  various  changes  and 
improvements  have  been  made  thereon. 

For  the  imaging  of  a  spatially  large  portion 
such  as  a  human  body  it  is  necessary  to  generate 
a  static  magnetic  field  as  strong  as  0.05  -  2  Tesla 
with  a  uniformity  less  than  several  tens  of  ppm  in  a 
spherical  space,  whose  diameter  is  as  large  as  30  - 
50  cm.  For  this  reason,  in  many  NMR  imaging 
apparatuses  the  cost  of  the  static  magnetic  field 
generating  section  covers  the  greater  part  of  the 
total  cost.  There  are  known  various  methods  for 
generating  a  uniform  and  large  magnetic  field,  but 
basically  the  larger  the  uniform  space  is,  the  higher 
is  the  cost.  Therefore  it  is  conceivable  to  restrict 
the  uniform  space  to  a  practical  extend  in  order  to 
reduce  the  cost.  However,  this  method  has  a  se- 
rious  problem  that  intense  artifact  from  the  object 
body  outside  the  region  where  the  magnetic  field  is 
uniform  is  produced. 

Figs.  3  -  5B  are  schemes  for  explaining  this 
problem  in  connection  with  the  imaging  method. 
For  convenience's  sake  a  two-dimensional  spin 
warp  method  is  taken  as  an  example,  but  it  will  be 
easily  inferred  from  the  following  explanation  that 

similar  problems  are  produced  by  other  methods. 
Fig.  3  shows  the  distribution  of  a  static  magnetic 
field.  In  order  to  facilitate  the  understanding,  it  is 
supposed  that  the  magnetic  field  is  uniform  within  a 

5  sphere  having  a  radius  r  and  decreases  or  in- 
creases  rapidly  outside  thereof.  The  object  body  to 
be  examined  is  located  in  this  static  magnetic  field 
and  at  first  a  slice  plane  is  selected  by  applying  a 
high  frequency  magnetic  field  having  a  restricted 

io  band  and  a  gradient  magnetic  field  Gx  at  the  same 
time.  Figs.  4A  and  4B  show  the  circumstances  at 
this  time. 

Fig.  4A  indicates  that  because  of  the  decrease 
of  the  static  magnetic  field  selective  excitation 

75  takes  place  not  only  at  the  slice  plane  x  =  xs  ±  Ax, 
which  is  to  be  aimed  at,  but  also  at  the  neighbor- 
hood  of  x  =  xa.  Fig.  4B  indicates  the  part  (hatched 
part  in  the  figure),  where  the  selective  excitation 
really  takes  place,  in  the  X-Y  plane  at  Z  =  0.  Here 

20  the  linear  part,  which  is  parallel  to  the  y  axis  in  Fig. 
4B,  indicates  the  position  of  the  slice  plane,  which 
is  the  object  to  be  examined,  and  it  is  necessary  to 
pay  attention  to  the  fact  that  the  selective  excitation 
at  the  same  time  takes  place  also  at  the  curved 

25  part,  which  is  not  intended.  These  circumstances 
are  produced  not  only  on  the  part  at  Z  =  0  but 
also  on  a  three-dimensional  curved  surface  includ- 
ing  the  Z  direction,  depending  on  variations  in  the 
static  magnetic  field. 

30  Subsequently  a  gradient  magnetic  field  Gz  is 
applied  and  phase  encoding  is  effected  in  the  Z 
direction.  Finally  signals  are  observed  while  apply- 
ing  a  gradient  magnetic  field  Gy.  At  this  time  the 
frequency  of  the  signal  varies,  depending  on  the 

35  intensity  of  the  magnetic  field,  which  is  proportional 
to  the  position  on  the  Y  axis,  and  positional  in- 
formation  in  the  Y  direction  is  expressed  in  the 
form  of  differences  between  frequences.  However, 
because  of  the  decrease  of  the  static  magnetic 

40  field,  just  as  for  the  selection  of  the  slice  plane,  as 
indicated  in  Fig.  5A,  there  is  a  part  at  another 
position  on  the  Y  axis,  where  a  signal  having  the 
same  frequency  is  produced.  Fig.  5B  shows  the 
circumstances  on  the  X-Y  plane  at  Z  =  0,  and  in 

45  connection  with  the  selective  excitation  plane  in- 
dicated  in  Fig.  4B,  the  curved  surface  portion  right 
above  in  the  hatched  part  in  Fig.  5B  emits  non- 
intended  signals. 

These  circumstances  take  place  on  a  three- 
50  dimensional  curved  surface,  depending  on  vari- 

ations  in  the  static  magnetic  field,  just  as  for  the 
selection  of  the  slice  plane.  If  the  object  body 
exists  also  in  this  part,  the  image  of  the  curved 
surface  part  is  superposed  on  the  properly  so- 

55  called  reconstructed  image  of  the  slice  plane  and 
gives  rise  to  strong  artifact. 

Although  it  is  supposed  that  the  magnetic  flux 
density  decreases  outside  the  uniform  magnetic 
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field,  and  that  the  gradient  magnetic  fields  are 
ideally  linear  systems,  it  can  be  inferred  that  also  in 
the  case  where  these  two  magnetic  fields  have 
other  non-linear  components,  only  the  form  of  the 
curved  surface  varies  and  similar  problems  take 
place. 

In  a  prior  art  device  for  imaging  the  human 
body,  in  order  to  avoid  this  problem,  a  uniform 
space,  whose  diameter  is  longer  than  40  cm,  is 
necessary,  and  even  if  such  a  uniform  space  is 
obtained,  since  the  stature  of  the  human  body  is 
longer  than  this  size,  artifact  due  to  this  fact  may 
occur  in  parts  above  and/  or  below,  or  on  the  left 
and/or  right  sides  of  the  image.  Furthermore,  cost 
reduction  by  reducing  the  uniform  space  was  prac- 
tically  impossible  by  the  prior  art  method. 

SUMMARY  OF  THE  INVENTION 

Taking  the  situations  described  above  into  ac- 
count,  it  is  the  object  of  the  present  invention  to 
provide  an  NMR  imaging  method  with  remarkably 
reduced  artifacts  coming  from  the  object  body  to 
be  examined  outside  of  the  uniform  magnetic  field, 
even  by  means  of  low  cost  static  magnetic  field 
generating  device  which  just  secures  the  necessary 
minimum  uniform  magnetic  field. 

In  an  NMR  imaging,  in  order  to  obtain  posi- 
tional  information  of  the  object  body  to  be  exam- 
ined,  a  method  is  used,  by  which  the  frequencies 
are  made  different  by  using  gradient  magnetic 
fields.  At  this  time,  a  problem  consists  in  the  fact 
that  there  exist  parts,  apart  from  the  desired  part, 
emitting  signals  having  the  same  frequency  be- 
cause  of  the  non-linearity  of  the  magnetic  field. 

Referring  to  Fig.  3,  Fig.  4B  and  Fig.  5B,  the 
parts  producing  the  artifact  are  in  frequency  bands, 
which  are  different  from  that  of  the  desired  slice 
plane,  in  the  state  where  no  gradient  magnetic  field 
is  applied  and  only  the  static  magnetic  field  exists. 
Now,  before  beginning  the  prior  art  imaging  se- 
quence,  at  first  the  parts  producing  the  artifact  are 
excited  by  applying  a  high  frequency  magnetic 
field  thereto  in  a  frequency  band,  which  includes 
the  parts  emitting  the  artifact  and  excludes  the 
desired  slice  plane.  Next,  the  phase  of  the  excited 
spin  is  rotated  by  a  very  large  amount  by  applying 
at  least  one  of  the  gradient  magnetic  fields  Gx,  Gy 
and  Gz  strongly.  When  the  quantity  of  the  phase 
rotation  is  set  e.g.  so  as  to  be  equal  to  the  quantity 
which  can  rotate  it  by  2-n  within  1  pixel  in  the 
image,  as  indicated  in  Figs.  9A  and  9B,  signals  are 
cancelled  mutually  within  1  pixel  and  thus  the  vec- 
torially  produced  signal  gets  extremely  small. 
When  the  usual  imaging  sequence  is  carried  out 
thereafter,  it  is  possible  to  reduce  the  produced 
artifact  to  such  an  extent  that  it  cannot  be  prac- 
tically  recognized. 

In  the  practical  imaging  the  parts  where  the 
artifact  is  produced  are  subjected  to  two  excita- 
tions,  one  being  for  cancelling,  the  other  being  for 
imaging.  If  the  sum  of  the  two  were  exactly  180°  in 

5  the  whole  region,  where  the  artifact  is  produced,  no 
artifact  would  be  produced,  even  if  no  phase  rota- 
tion  were  effected.  However,  since  a  real  exciting 
Pulse  is  imperfect,  phase  rotation  for  cancelling 
should  be  performed.  The  phase  rotation  in  the 

io  parts,  where  the  artifact  is  produced,  is  performed 
also  in  the  sequence  for  imaging,  and  the  spin  is 
further  rotated  or,  on  the  contrary,  returned.  Con- 
sequently,  in  order  to  improve  the  cancelling  effect 
described  above,  a  stronger  phase  rotation  is  car- 

15  ried  out.  The  stronger  the  phase  rotation  is,  the 
purer  is  the  high  spatial  frequency  component  from 
the  parts,  where  the  artifact  is  produced,  which 
component  is  imaged  as  the  artifact.  For  usual 
object  bodies  to  be  examined,  since  this  compo- 

20  nent  is  extremely  small,  it  can  be  reduced  to  such 
an  extent  that  it  cannot  be  practically  recognized. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

25  Fig.  1  is  a  scheme  illustrating  the  construction  of 
an  NMR  imaging  apparatus; 
Fig.  2  shows  the  principle  of  the  prior  art  Fourier 
zeumatography  method; 
Fig.  3  is  a  scheme  showing  a  state,  where  a 

30  static  magnetic  field  is  applied; 
Fig.  4A  is  a  scheme  showing  a  state,  where  a 
gradient  magnetic  field  Gx  is  applied; 
Fig.  4B  is  a  scheme  showing  a  part  excited 
selectively; 

35  Fig.  5A  is  a  scheme  showing  a  state,  where  a 
gradient  magnetic  field  Gy  is  applied; 
Fig.  5B  is  a  scheme  showing  a  part  excited 
selectively; 
Fig.  6  illustrates  a  sequence  of  the  NMR  imag- 

40  ing  method,  which  is  an  embodiment  of  this 
invention; 
Fig.  7A  is  a  scheme  showing  a  high  frequency 
pulse  amplitude-modulated  with  a  Gauss'  func- 
tion; 

45  Fig.  7B  is  a  scheme  showing  a  high  frequency 
wave,  which  is  an  FM  wave; 
Fig.  8  illustrates  a  sequence  of  the  NMR  imag- 
ing  method,  which  is  another  embodiment  of 
this  invention;  and 

50  Figs.  9A  and  9B  are  schemes  showing  a  state  of 
the  phase  rotation  of  spin. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

55 
Hereinbelow  embodiments  of  this  invention  will 

be  explained  in  detail,  referring  to  the  attached 
drawings. 

3 
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Fig.  1  is  a  block  diagram  illustrating  the  whole 
construction  of  a  nuclear  magnetic  resonance  im- 
aging  apparatus  according  to  this  invention.  For 
obtaining  a  tomographic  image  of  an  object  body 
to  be  examined  by  utilizing  the  nuclear  magnetic 
resonance  (NMR)  phenomenon,  the  apparatus  con- 
sists  of  a  static  magnetic  field  generating  magnet 
10,  a  central  processing  unit  (CPU)  11,  a  sequenc- 
er  12,  a  transmitting  system  13,  a  gradient  mag- 
netic  field  generating  system  14,  a  receiving  sys- 
tem  15  and  a  signal  processing  system  16. 

The  static  magnetic  field  generating  magnet  10 
generates  a  strong  and  uniform  static  magnetic 
field  around  an  object  body  1  to  be  examined  in  a 
direction  parallel  or  perpendicular  to  the  axis  of  the 
body.  The  magnetic  field  generating  means,  which 
may  be  of  the  permanent  magnet  type,  the  resis- 
tive  magnet  type  or  the  superconductive  magnet 
type,  generates  the  field  in  a  space  having  a  cer- 
tain  extent  around  the  object  body  1.  The  se- 
quencer  12  works  under  the  control  of  the  CPU  11 
and  sends  various  instructions  necessary  for  ac- 
quiring  data  for  obtaining  a  tomographic  image  of 
the  object  body  1  to  the  transmitting  system  13, 
the  gradient  magnetic  field  generating  system  14 
and  the  receiving  system  15. 

The  transmitting  system  13  consists  of  a  high 
frequency  oscillator  17,  a  modulator  18,  a  high 
frequency  amplifier  19  and  a  radio  frequency  coil 
20a  on  the  transmitting  side.  The  system  13  am- 
plitude  modulates  a  high  frequency  pulse  gen- 
erated  by  the  high  frequency  oscillator  17  by 
means  of  the  modulator  18  according  to  instruc- 
tions  from  the  sequencer  12,  depending  on  e.g.  the 
waveform  of  a  sine  function,  and  supplies  a  high 
frequency  pulse  thus  amplitude-modulated  to  the 
radio  frequency  coil  20a  disposed  closely  to  the 
object  body  1  ,  after  having  amplified  it,  so  that  the 
object  body  1  is  irradiated  with  electro-magnetic 
wave. 

The  gradient  magnetic  field  generating  system 
14  consists  of  gradient  magnetic  field  coils  21 
wound  in  the  directions  of  three  axes  X,  Y  and  Z, 
and  a  gradient  magnetic  field  power  supply  22 
driving  the  coils,  respectively,  and  applies  gradient 
magnetic  fields  Gx,  Gy  and  Gz  in  the  direction  of 
the  three  axes  X,  Y  and  Z  to  the  object  body  1  by 
driving  the  gradient  magnetic  field  power  supply  22 
for  the  respective  coils  according  to  instruction 
signals  from  the  sequencer  12  described  above.  It 
is  possible  to  set  a  slice  plane  in  an  arbitrary 
direction  with  respect  to  the  object  body  1,  de- 
pending  on  how  to  apply  these  gradient  magnetic 
fields. 

The  receiving  system  15  consists  of  a  radio 
frequency  coil  20b  on  the  receiving  side,  an  am- 
plifier  23,  a  quadrature  phase  detector  24  and  an 
A/D  converter  25  and  is  so  constructed  that  a 

response  electro-magnetic  wave  (NMR  signal) 
coming  from  the  object  body  1,  which  is  irradiated 
with  the  electro-magnetic  wave  emitted  by  the  ra- 
dio  frequency  coil  20a  on  the  transmitting  side,  is 

5  detected  by  the  radio  frequency  coil  20b  which  is 
disposed  closely  to  the  object  body  1.  This  NMR 
signal  is  inputted  through  the  amplifier  23  and  the 
quadrature  phase  detector  24  into  the  A/D  con- 
verter  25,  by  which  it  is  converted  into  a  digital 

io  value,  and  further  compiled  into  two  series  of  ac- 
quired  data  sampled  by  the  quadrature  phase  de- 
tector  24  with  a  timing  determined  by  an  instruction 
from  the  sequencer  12,  whose  signal  is  sent  to  a 
signal  processing  system  16. 

is  The  signal  processing  system  16  consists  of 
the  CPU  11,  a  recording  device  such  as  magnetic 
discs  26,  magnetic  tapes  27,  etc.  and  a  display  28 
such  as  a  CRT  etc.  The  system  16  is  so  con- 
structed  that  the  CPU  1  1  effects  operation  process- 

20  ing  for  image  reconstruction  such  as  Fourier  trans- 
formation,  etc.  and  produces  on  the  display  28  an 
image  of  the  distribution  by  suitably  operating  the 
intensity  distribution  of  the  signal  or  a  plurality  of 
signals  coming  from  an  arbitrary  tomographic 

25  plane.  Further,  in  Fig.  1,  the  radio  frequency  coils 
20a  and  20b  on  the  transmitting  and  receiving 
sides  and  the  gradient  magnetic  field  coils  21  are 
located  in  a  magnetic  field  space  of  the  static 
magnetic  field  generating  magnet  10  disposed  in  a 

30  space  around  the  object  body  1  to  be  examined. 
According  to  this  invention,  in  order  to  achieve 

the  object  described  above,  just  before  beginning  a 
usual  imaging  sequence  by  means  of  the  sequenc- 
er  12,  selective  excitation  of  the  parts,  where  the 

35  artifact  is  produced,  and  phase  rotation  are  effec- 
ted. 

Fig.  6  shows  a  sequence  in  the  case  where  the 
method  according  to  this  invention  is  applied  to  the 
SR  (Saturation  Recovery)  sequence  of  the  spin 

40  warp  method.  In  the  figure,  time  intervals  a  and  b 
are  the  portions  added  according  to  this  invention. 
In  a,  where  no  gradient  magnetic  fields  are  applied, 
the  spin  is  brought  down  by  90°  in  the  parts 
outside  of  the  uniform  magnetic  field,  where  the 

45  artifact  is  produced,  by  applying  a  90°  pulse  with  a 
frequency  component  corresponding  to  these 
parts.  Next,  in  b,  Gx  Gy  and  Gz  are  applied  so  that 
the  phase  of  the  excited  spin  is  extremely  rotated. 
By  this  operation  it  is  possible  to  reduce  extermely 

50  the  amount  of  signals  originating  from  the  parts, 
where  the  artifact  is  produced. 

After  that,  in  the  intervals  of  c,  d,  e  and  f,  signal 
measurements  are  effected  during  selection  of  the 
slice  plane  (c),  phase  matching  of  the  slice  plane 

55  (d),  phase  encoding  concerning  Gz  (e)  and  fre- 
quency  encoding  concerning  Gy  (e  and  f).  For 
imaging,  the  quantity  of  Gz  is  varied  stepwise  and 
measurements  are  effected  while  repeating  the  se- 

4 
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quence  indicated  in  Fig.  6  just  as  for  the  prior  art 
sequence. 

Although,  in  Fig.  6,  a  part  of  a  sine  function  is 
used  for  the  90°  selective  excitation  pulse,  a 
Gauss'  function,  an  FM  wave,  as  indicated  in  Figs. 
7A  and  7B,  their  variations,  or  combined  pulses 
may  be  used  instead  thereof.  In  particular,  accord- 
ing  to  this  invention,  since  in  many  cases  the  band 
of  the  parts,  where  the  artifact  is  produced,  is  more 
than  10  times  as  wide  as  the  band  used  for  the 
selective  excitation  of  the  slice  plane,  a  great  ex- 
citation  efficiency  is  achieved  by  using  an  FM 
wave.  Furthermore,  although  in  b  in  Fig.  6  the 
gradient  magnetic  fields  Gx,  Gy  and  Gz  are  applied 
in  the  directions  of  the  three  axes,  the  same  effect 
can  be  obtained,  if  at  least  one  of  them  is  applied 
thereto.  Further,  in  case  the  precision  of  the  90° 
pulse  is  high,  since  the  parts,  where  the  artifact  is 
produced,  is  rotated  by  180°  by  the  90°  pulse  for 
imaging  (part  c),  practically  no  signal  is  produced 
and  the  artifact  can  be  reduced  even  if  no  gradient 
magnetic  fields  are  applied  in  b. 

Although  in  Fig.  6  an  embodiment  according  to 
the  two-dimensional  spin  warp  method  is  indicated, 
it  can  be  easily  inferred  that  the  method  according 
to  this  invention  can  be  applied  to  any  general 
NMR  imaging,  e.g.  to  a  case  where  no  90°  pulse 
is  used  for  the  selective  excitation  and  the  flip 
angle  is  changed,  to  a  case  where  a  spin  echo  is 
used,  or  to  a  case  where  the  multislice  or  the 
multiecho  is  effected.  Further,  three-  rather  than 
two-dimensional  may  be  performed.  Instead  of  the 
2DFT  (two-dimensional  Fourier  transformation) 
method,  by  which  the  phase  encoding  is  effected, 
the  projection  reconstruction  method  such  as  X-ray 
CT  may  be  employed. 

Fig.  8  is  a  scheme  indicating  a  case  where  the 
method  according  to  this  invention  is  used  for 
various  imaging  methods.  The  object  described 
previously  can  be  achieved  by  using  the  sequence 
for  generating  the  signal  component  perpendicular 
to  the  static  magnetic  field  in  the  prior  art  se- 
quence  for  imaging  for  the  part  c  indicated  in  the 
figure  and  by  carrying  out  a  sequence  identical  to 
a  and  b  in  Fig.  6  directly  before  it.  For  the  method 
indicated  in  Fig.  8  it  may  be  inferred  that  this 
invention  can  be  applied  to  the  SR  method  just  as 
to  the  SE  (Spin  Echo)  method  or  the  IR  (Inversion 
Recovery)  method  for  the  NMR  imaging. 

As  explained  above,  according  to  this  inven- 
tion,  it  becomes  possible  remarkably  to  reduce  the 
artifact  originating  from  the  object  body  to  be  ex- 
amined  outside  of  the  uniform  magnetic  field  and 
to  solve  the  problems  described  above  even  with  a 
highly  economical  static  magnetic  field  generating 
device  which  produces  a  uniform  magnetic  field 
smaller  than  the  object  body. 

Claims 

1.  NMR  imaging  method  by  which  a  static  mag- 
netic  field,  first  gradient  magnetic  fields  Gx,  Gy, 

5  Gz  and  a  first  high  frequency  magnetic  field 
having  a  first  frequency  fs  are  applied  to  an 
object  body  (1)  to  be  examined  in  order  to 
generate  a  nuclear  magnetic  resonance  (NMR) 
signal  so  that  an  image  representing  physical 

io  properties  of  said  object  body  (1)  to  be  exam- 
ined  is  obtained  by  detecting  said  NMR  signal, 
characterized  in  that,  before  said  NMR  signal 
having  a  component  in  the  direction  perpen- 
dicular  to  the  direction  of  said  static  magnetic 

is  field  is  obtained  from  a  part  to  be  imaged  of 
said  object  body  to  be  examined,  a  second 
high  frequency  magnetic  field  having  a  second 
frequency  fa  is  applied,  in  the  absence  of  any 
gradient  magnetic  field,  to  parts  other  than  said 

20  part  to  be  imaged  in  order  to  excite  selectively 
said  other  parts. 

2.  An  NMR  imaging  method  according  to  Claim 
1  ,  characterized  in  that  at  least  one  of  second 

25  gradient  magnetic  fields  Gx,  Gy,  Gz  is  applied 
in  order  to  rotate  the  phase  of  the  NMR  signal 
generated  from  said  parts  other  than  the  part 
to  be  imaged  after  having  applied  said  second 
high  frequency  magnetic  field  to  said  parts 

30  other  than  the  part  to  be  imaged. 

Revendications 

1.  Procede  d'imagerie  RMN,  selon  lequel  un 
35  champ  magnetique  Statique,  des  premiers 

champs  magnetiques  irrotationnels  Gx,  Gy,  Gz 
et  un  premier  champ  magnetique  a  haute  fre- 
quence  possedant  une  premiere  frequence  fs 
sont  appliques  a  un  corps-objet  (1)  a  examiner 

40  de  maniere  a  produire  un  signal  de  resonance 
magnetique  nucleaire  (RMN)  de  sorte  qu'une 
image  representant  des  proprietes  physiques 
dudit  corps-objet  (1)  a  examiner  est  obtenue 
par  detection  dudit  signal  RMN,  caracterise  en 

45  ce  qu'avant  que  ledit  signal  RMN  possedant 
une  composante  s'etendant  dans  la  direction 
parallele  a  la  direction  dudit  champ  magneti- 
que  statique  soit  obtenu  a  partir  d'une  partie, 
dont  I'image  doit  etre  formee,  dudit  corps-objet 

50  a  examiner,  un  second  champ  magnetique  a 
haute  frequence  possedant  une  seconde  fre- 
quence  fa  est  applique,  en  I'absence  de  tout 
champ  magnetique  irrotationnel,  a  des  parties 
autres  que  ladite  partie,  dont  I'image  doit  etre 

55  formee,  pour  exciter  selectivement  lesdites  au- 
tres  parties. 

2.  Procede  d'imagerie  RMN  selon  la  revendica- 

5 
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tion  1,  caracterise  en  ce  qu'au  moins  I'un  de 
seconds  champs  magnetiques  irrotationnels 
Gx,  Gy,  Gz  est  applique  de  maniere  a  faire 
tourner  la  phase  du  signal  RMN  produit  par 
lesdites  parties  autres  que  la  partie,  dont  I'ima- 
ge  doit  etre  formee,  apres  application  dudit 
second  champ  magnetique  a  haute  frequence 
auxdites  parties  autres  que  la  partie  dont  I'ima- 
ge  doit  etre  formee. 

Patentanspruche 

1.  NMR-Abbildungsverfahren,  bei  dem  ein  stati- 
sches  Magnetfeld,  ein  erstes  Gradientenma- 
gnetfeld  Gx,  Gy,  Gz  und  ein  erstes 
Hochfrequenz-Magnetfeld  mit  einer  ersten  Fre- 
quenz  fs  an  den  zu  untersuchenden  Korper  (1) 
angelegt  werden,  urn  ein  Kernspinresonanz- 
(NMR-)Signal  zu  erzeugen,  so  da/S  durch  Er- 
fassen  des  NMR-Signals  ein  Bild  erhalten  wird, 
das  physikalische  Eigenschaften  des  zu  unter- 
suchenden  Korpers  (1)  wiedergibt,  dadurch  ge- 
kennzeichnet,  da/S,  bevor  von  einem  abzubil- 
denden  Teil  des  zu  untersuchenden  Korpers 
das  NMR-Signal  mit  einer  Komponente  in  der 
zur  Richtung  des  statischen  Magnetfelds  senk- 
rechten  Richtung  erhalten  wird,  bei  Abwesen- 
heit  jedweden  Gradientenmagnetfeldes  ein 
zweites  Hochfrequenz-Magnetfeld  mit  einer 
zweiten  Frequenz  fa  an  von  dem  besagten 
abzubildenden  Teil  verschiedene  Teile  ange- 
legt  wird,  urn  diese  anderen  Teile  selektiv  an- 
zuregen. 

2.  NMR-Abbildungsverfahren  nach  Anspruch  1, 
dadurch  gekennzeichnet,  da/S  nach  dem  Anle- 
gen  des  zweiten  Hochfrequenz-Magnetfeldes 
an  die  von  dem  abzubildenden  Teil  verschie- 
denen  Teile  mindestens  ein  zweites  Gradien- 
tenmagnetfeld  Gx,  Gy>  Gz  angelegt  wird,  urn 
das  NMR-Signal,  das  von  den  von  dem  abzu- 
bildenden  Teil  verschiedenen  Teilen  erzeugt 
wird,  in  der  Phase  zu  drehen. 
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