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Description 

The  invention  relates  to  a  method  of  determining  a  nuclear  magnetization  distribution  in  a  region  of  a 
body,  in  which  a  steady,  homogeneous  magnetic  field  being  generated  in  which  the  region  of  the  body  is 

5  situated,  and 
a)  a  high-frequency  electromagnetic  pulse  is  generated  in  order  to  cause  a  precessionai  motion  of  the 

magnetization  of  nuclei  in  the  body,  thus  generating  a  resonance  signal, 
b)  after  which,  after  a  preparation  period,  a  number  of  signal  samples  is  periodically  extracted  from  the 

resonance  FID  signal  during  a  measurement  period  which  is  divided  into  a  number  of  sampling  intervals, 
ro  c)  after  which,  each  time  after  a  waiting  period,  the  steps  a)  and  b)  are  repeated  a  number  of  times  in 

order  to  obtain  a  group  of  signal  samples  wherefrom  an  image  of  the  distribution  of  the  induced  nuclear 
magnetization  is  determined, 

d)  a  magnetic  gradient  field  being  applied  during  the  preparation  period  or  during  the  measurement 
period. 

is  The  invention  also  relates  to  a  device  for  determining  the  nuclear  magnetization  distribution  in  a  region 
of  a  body,  comprising 

a)  means  for  generating  a  steady  homogeneous  magnetic  field, 
b)  means  for  generating  high-frequency  electromagnetic  radiation, 
c)  means  for  generating  a  gradient  magnetic  field, 

20  d)  sampling  means  for  sampling  a  resonance  signal  generated  by  the  means  specified  sub  a)  and  b), 
e)  processing  means  for  processing  the  signals  provided  by  the  sampling  means  in  order  to  form  a 

nuclear  magnetization  distribution,  and 
f)  control  means  for  controlling  at  least  the  means  specified  sub  b)  to  e)  for  generating,  conditioning, 

sampling  and  processing  a  plurality  of  resonance  signals. 
25  A  similar  method  (also  referred  to  as  Fourier  zeugmatography)  and  device  are  known  from  US.PS 

4,070,611.  According  to  such  a  method,  a  body  to  be  examined  is  subjected  to  a  strong,  steady, 
homogeneous  magnetic  field  Bo  whose  field  direction  coincides  with,  for  example,  the  z-axis  of  a  cartesian 
coordinate  system  (x,  y,  z).  The  steady  magnetic  field  Bo  produces  a  slight  polarization  of  the  nuclear  spins 
present  in  the  body  and  enables  a  precessionai  motion  of  nuclear  spins  to  occur  about  the  direction  of  the 

30  magnetic  field  Bo.  After  the  application  of  a  magnetic  field  Bo,  a  preferably  90°  pulse  of  high-frequency 
electromagnetic  radiation  is  generated  (with  an  angular  frequency  oa  =  y.Bo,  in  which  y  is  the  gyromagnetic 
ratio  and  Bo  is  the  intensity  of  the  magnetic  field)  which  rotates  the  magnetization  direction  of  nuclei 
present  in  the  body  through  an  angle  (90°).  After  termination  of  the  90°  pulse,  the  nuclear  spins  will  start  to 
perform  a  precessionai  motion  about  the  field  direction  of  the  magnetic  field  Bo,  thus  generating  a 

35  resonance  signal  (FID  signal).  Using  the  gradient  magnetic  fields  Gx,  Gy,  Gz  whose  field  direction  coincides 
with  that  of  the  magnetic  field  Bo,  a  total  magnetic  field  B  =  Bo  +  Gx  .  x  +  Gy  .  y  +  Gz  .  z  can  be  generated 
whose  intensity  is  location-dependent,  because  the  intensity  of  the  gradient  magnetic  fields  Gx,  Gy,  Gz  have 
a  gradient  in  the  x,  the  y  and  the  z  direction,  respectively. 

After  the  90°  pulse,  a  field  Gx  is  applied  for  a  period  tx  and  subsequently  a  field  Gyfor  a  period  ty,  so  that 
40  the  precessionai  motion  of  the  excited  nuclear  spins  is  influenced  in  a  location-dependent  manner.  After 

this  preparation  period  (i.e.  after  tx  +  ty),  a  field  Gz  is  applied  and  the  FID  signal  (actually  the  sum  of  all 
magnetizations  of  the  nuclei)  is  sampled  I  x  m  times  at  Nz  measurement  instants  during  a  measurement 
period  tz.  Foregoing  cycle  is  repeated  I  x  m  times,  each  time  different  values  being  used  for  tx  and/or  ty. 
Thus,  (Nz  x  m  x  I)  signal  samples  are  obtained  which  contain  the  information  concerning  the 

45  magnetization  distribution  in  a  region  of  the  body  in  the  x,  y,  z  space.  The  I  x  m  measured  sets  of  Nz  signal 
samples  are  stored  in  a  memory  (in  Nz  x  m  x  I)  memory  locations,  after  which  an  image  of  the  nuclear 
magnetization  distribution  is  obtained  by  3  —  D  Fourier  transformation  of  the  sampled  values  of  the  FID 
signals. 

It  will  be  apparent  that  it  is  alternatively  possible,  using  selective  excitation,  to  generate  the  FID  signal 
so  of  nuclear  spins  only  in  a  2-dimensional  slice  (having  an  orientation  which  can  be  selected  at  random)  so 

that,  for  example,  an  FID  signal  need  only  be  generated  m  times  in  order  to  obtain  an  image  of  the 
magnetization  distribution  in  m  x  N  points  in  the  selected  slice  by  means  of  a  2-dimensional  Fourier 
transformation.  It  will  be  apparent  from  the  foregoing  that  when  use  is  made  of  the  Fourier 
Zeugmatography  method,  the  time  required  for  forming  an  image  of  the  magnetization  distribution  may  be 

55  as  much  as  at  least  a  few  minutes.  Such  a  measurement  period  is  unacceptably  long  for  a  patient  being 
examined  who  must  remain  motionless  during  this  period. 

It  is  an  object  of  the  invention  to  provide  a  method  and  a  device  which  substantially  reduce  the  time 
required  to  form  an  image  of  a  nuclear  magnetization  distribution  with  a  resolution  which  at  least  equals 
that  obtained  when  use  is  made  of  the  present  state  of  the  art,  for  example  in  Fourier  Zeugmatography. 

60  It  is  a  further  object  of  the  invention  to  provide  a  method  and  device  which  enable  the  imaging  of  a 
nuclear  magnetization  distribution  to  be  carried  out  with  a  different  intensity  distribution  with  respect  to  the 
images  formed  by  means  of  the  pulse  sequences  used  in  the  state  of  the  art. 

To  this  end,  the  method  in  accordance  with  claim  1  is  characterized  in  that,  after  the  extraction  of  the 
sampling  of  the  resonance  signal,  a  high-frequency  180°  pulse  is  generated  in  order  to  generate  a  nuclear 

55  spin  echo  signal  and  the  phase  shift  exerted  on  the  nuclear  magnetization  by  magnetic  field 

2 
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inhomogeneities  is  cancelled,  after  which  a  further  high-frequency  excitation  pulse  is  generated  aunng  me 
nuclear  spin  echo  signal. 

As  a  result  of  the  use  of  the  further  high-frequency  excitation  pulse,  the  measurement  cycles  can 
succeed  one  another  more  rapidly  without  seriously  affecting  the  signal  intensity  of  a  nuclear  spin 

j  resonance  signal  in  successive  measurement  cycles.  A  slight,  insignificant  signal  loss  will  occur,  but  the 
resonance  signals  generated  will  contain  other  information  which  will  lead  to  a  different  intensity 
distribution  in  an  image.  The  use  of  the  further  high-frequency  excitation  pulses,  consequently,  not  only 
results  in  a  shorter  measurement  cycle  but  also  produces  additional  image  information  which  will  depend 
on  the  period  of  time  expiring  between  the  successive  pulses. 

o  The  further  high-frequency  excitation  pulse  offers  the  desired  result  notably  when  the  effects  of  (phase 
shift  due  to)  field  inhomogeneities  (of  the  steady  uniform  main  field;  Bo  field)  and  of  the  gradient  magnetic 
fields  which  have  been  activated  or  of  other  deliberately  introduced  inhomogeneities  have  been  cancelled. 

In  the  present  method  the  waiting  period  between  the  further  high-frequency  excitation  pulse  and  the 
beginning  of  a  next  measurement  cycle  is  of  the  same  order  of  magnitude  as  the  period  of  time  expiring 

5  between  the  high-frequency  180°  pulse  and  the  further  high-frequency  excitation  pulse;  this  means  that  the 
total  period  of  time  needed  for  taking  a  number  of  samples  required  for  an  N.M.R.  image  (without 
significant  signal  loss)  will  be  a  factor  of  from  3  to  10  times  shorter  than  the  period  of  time  required 
according  to  the  present  state  of  the  art. 

Using  the  method  in  accordance  with  the  invention,  for  example  a  nuclear  spin  density  distribution  is 
io  measured  in  a  slice  of  a  body  by  applying  a  first  gradient  field  after  selective  excitation  of  said  slice  during 

the  preparation  period  (in  accordance  with  the  known  state  of  the  art)  and  by  applying  during  the 
measurement  period,  a  different  gradient  field  whose  gradient  direction  extends  transversely  with  respect 
to  the  gradient  direction  of  the  first  gradient  field.  Using  the  method  in  accordance  with  the  invention,  it  is 
alternatively  possible  to  determine  location-dependent  nuclear  spin  resonance  spectra  (location- 

25  dependent  nuclear  spin  spectroscopy)  if,  contrary  to  the  known  determination  of  a  nuclear  spin  density 
distribution,  no  (steady)  gradient  field  is  applied  during  the  measurement  period.  For  example,  by  using 
selective  excitation  and  the  application  of  two  gradient  fields  (with  two  transversely  directed  gradient 
directions  in  the  plane  of  excitation),  the  proposed  invention  enables  determination  of  a  frequency 
spectrum  (chemical  shifts)  of  the  nuclear  spin  resonances  present  per  pixel  in  said  slice.  The  number  of 

30  pixels  in  the  slice  can  be  chosen  in  accordance  with  the  state  of  the  art. 
As  has  already  been  stated,  the  precessionai  frequency  of  the  nuclear  magnetization  M  is  determined 

b  y  co  =  y.B.  The  gyromagnetic  ratio  y  depends  only  on  the  type  of  nucleus  for  as  long  as  the  nucleus  can  be 
considered  to  be  "free".  Usually,  the  nuclei  cannot  be  considered  to  be  free,  because  they  are  inter  alia 
influenced  by  binding  electrons  around  the  nucleus.  This  becomes  manifest  as  a  so-called  chemical  shift  o; 

35  the  bound  nucleus  does  not  resonate  at  cd  =  y.B,  but  rather  at  co'  =  y.B.  (1  -  a).  The  angular  frequency  co'  as 
well  as  the  detuning  Acd  =  co  -  co'  =  y.B.aare  proportional  to  the  magnetic  field  B.  Generally,  a  is  very  small 
(in  the  order  of  magnitude  of  from  10"6to  10"4).  When  the  intensity  of  the  magnetic  field  B  is  sufficient,  for 
example  higher  than  1T,  different  peaks  can  be  distinguished  in  a  generated  spectrum  due  to  the  different 
values  of  a,  said  peaks  being  associated  with  nuclei  which  each  have  a  different  chemical  bond.  For 

40  example,  in  the  spectrum  of  phosphor  (31P)  in  biological  matter  peaks  can  be  distinguished  which  are 
associated  with  phosphorcreatine,  ATP  and  anorganically  bound  phosphor  (see,  for  example  "Localized 
measurements  of  metabolism  by  NMR  methods",  by  R.  L.  Nunnally,  in  the  Proceedings  of  an  International 
Symposium  on  N.M.R.,  Bowman-Gray  School  of  Medicine  of  Wake  Forest  University,  Winston-Salem, 
North  Caroline,  October  1—3,  1981,  pages  181—184).  The  mutual  relationships  of  the  magnitude  of  these 

45  peaks  contains  information  as  regards  the  metabolic  condition  of  the  tissue.  It  has  been  found  to  be  useful 
to  chart  such  spectra  as  a  function  of  the  location  in  the  tissue  or  in  a  part  of  the  body  to  be  examined.  For 
this  purpose  use  can  be  made  of  the  method  and  device  disclosed  in  said  US—  PS  4,070,611  if  no  gradient 
field  is  activated  during  the  measurement  period  (so  during  the  sampling  of  the  resonance  signal). 

The  foregoing  will  be  illustrated  on  the  basis  of  an  example  where  the  spectra  are  determined  as  a 
so  function  of  two  location  coordinates  (for  example,  x,  y).  During  a  first  step,  a  slice  having  a  thickness  Az 

(transversely  with  respect  to  the  z-axis)  is  excited  by  way  of  selective  excitation.  Subsequently,  the  x  and/or 
y  gradient  fields  are  activated  during  the  preparation  period.  During  the  measurement  period,  the 
resonance  signal  generated  is  sampled. 

Consequently,  no  gradient  field  is  activated  during  the  measurement  period,  so  that  the  resonance 
55  signal  to  be  measured  is  a  function  of  image  frequencies  kx,  ky  and  of  the  time  t.  The  image  frequencies  kx,  ky 

are  determined  by  the  gradient  fields  Gx  and  Gy  applied  during  the  preparation  period,  as  will  be  explained 
hereinafter.  When  the  measurement  cycle  is  repeated  a  large  number  of  times  with  each  time  gradient 
fields  Gx  and  Gy  of  different  intensity  and/or  different  duration  activated  during  the  preparation  time,  a 
series  of  signal  samples  of  resonant  signals  will  be  extracted  as  a  function  of  the  time  for  each  different 

60  image  frequency  pair  (kx,  ky).  Thus,  a  three-dimensional  matrix  (kx,  ky,  t)  is  filled  with  signal  samples.  After  a 
3-D  Fourier  transformation  (to  t,  to  kx  and  to  ky),  from  the  three-dimensional  data  matrix  (k„  ky,  t)  a 
frequency  spectrum  is  found  at  points  (x,  y)  in  the  (selectively  excited)  two-dimensional  x—  y  plane.  The 
described  method  can  be  very  simply  extended  from  a  two-dimensional  plane  to  a  volume;  after  excitation 
of  a  given  volume  three  gradient  fields  are  then  activated  during  the  preparation  period,  after  which  a  time 

55  signal  is  measured  which  is  associated  with  a  frequency  trio  (kx,  ky,  kz)  during  sampling  (in  the  absence  of 

3 
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gradient  fields).  By  repeating  the  measurement  a  large  number  of  times  with  each  time  different  intensities 
of  the  gradient  fields  (Gx,  Gy,  Gz  (or  other  periods  of  time  during  which  the  gradient  fields  are  activated) 
during  the  preparation  period,  a  four-dimensional  matrix  (kx,  ky,  kz,  t)  is  filled  with  signal  samples.  After  a 
4-D  Fourier  transformation  (to  t,to  kx,  to  ky  and  to  kz)  a  frequency  spectrum  is  obtained  at  each  point  (x,  y,  z) 

5  in  said  volume.  As  has  already  been  stated,  an  object  to  be  examined  may  not  be  displaced  or  moved  (or 
shift  or  move)  during  the  successive  waiting,  preparation  and  measurement  periods.  The  described 
method  in  accordance  with  the  invention  for  the  determination  of  a  resonance  spectra  distribution, 
substantially  reduces  the  time  required  for  making  an  image  of  the  local  nuclear  spin  resonance  spectra 
(with  a  resolution  which  at  least  equal  that  when  use  is  made  of  the  known  Fourier  zeugmatography 

10  technique),  which  is  of  course  an  advantage. 
A  preferred  embodiment  of  the  method  in  accordance  with  the  invention,  in  which  method  in  a  cycle 

high  frequeny  pulses  and  gradient  magnetic  fields  are  applied,  is  characterized  in  that  after  the  further  high- 
frequency  excitation  pulse,  after  a  period  of  time  T,  a  similar  cycle  of  high-frequency  pulses  with  associated 
gradient  magnetic  fields  is  completed,  at  least  one  pulse  interval  gradient  magnetic  fields  is  completed,  at 

?5  least  one  pulse  interval  during  the  first  cycle  then  being  different  from  a  corresponding  pulse  interval 
during  the  second  cycle.  When  the  sampling  signals  are  taken  in  accordance  with  the  preferred 
embodiment  of  the  method,  it  is  found  that  substantial  contrast  variations  are  achieved  in  the  image  which 
is  ultimately  formed.  The  stationary  solution  of  the  Bloch  equations  reveals  that  negative  signals  which 
produce  this  contrast  increase  occur  in  the  resonance  signal  during  the  second  cycle. 

20  The  device  for  performing  the  method  in  accordance  with  the  invention  is  characterized  in  that  the 
control  means  comprise  preprogrammed  computer  means  for  generating  and  supplying  control  signals  to 
the  means  for  generating  high-frequency  electromagnetic  radiation,  said  control  being  capable  of 
generating  an  adjustable  pulse  sequence  of  90°  and  180°  excitation  pulses,  of  which  a  180°  excitation  pulse 
is  generated  after  termination  of  sampling  signals  and  of  which  a  90°  excitation  pulse  is  generated  during 

25  the  subsequent  spin  echo  signal. 
The  described  device  thus  enables  a  method  in  accordance  with  the  invention  to  be  simply  performed 

and,  if  necessary,  adapted  to  the  nature  of  the  object  to  be  examined  (for  example,  when  utilizing  the 
variations  in  contrast  in  the  NMR  image). 

An  embodiment  in  accordance  with  the  invention  will  now  be  described,  by  way  of  example,  with 
30  reference  to  the  drawings;  therein: 

Figure  1  shows  diagrammatically  a  configuration  of  a  coil  system  of  a  device  for  performing  a  method 
in  accordance  with  the  invention. 

Figure  2  shows  a  block  diagram  of  a  device  for  performing  the  method  in  accordance  with  the 
invention, 

35  Figures  3a  and  3b  show  simple  embodiments  and  methods  in  accordance  with  the  state  of  the  art, 
Figure  4  illustrates  a  version  of  a  method  in  accordance  with  the  invention, 
Figure  5  illustrates  a  preferred  version  of  a  method  in  accordance  with  the  invention,  and 
Figure  6  shows  a  part  of  a  device  for  performing  the  method  in  accordance  with  the  invention. 
Figure  1  shows  a  coil  system  10  which  forms  part  of  a  device  15  (Figure  2)  used  for  determining  a 

40-  nuclear  magnetization  distribution  in  a  region  of  a  body  20.  This  region  has  a  thickness  of,  for  example,  Az 
and  is  situated  in  the  x  —  y  plane  of  the  coordinate  system  x  —  y  —  z  shown.  The  y-axis  of  the  system  extends 
upwards  perpendicularly  to  the  plane  of  drawing.  The  coil  system  10  generates  a  uniform  steady  magnetic 
field  Bo  having  a  field  direction  parallel  to  the  z-axis,  three  gradient  magnetic  fields  Gx,  Gy  and  Gz  having  a 
field  direction  parallel  to  the  z-axis  and  a  gradient  direction  parallel  to  the  x,  y  and  z  axis,  respectively,  and  a 

45  high-frequency  magnetic  field.  To  achieve  this,  the  coil  system  10  comprises  a  set  of  main  coils  1  for 
generating  the  steady  magnetic  field  Bo.  The  main  coils  1  may  be  arranged,  for  example,  on  the  surface  of  a 
sphere  2  whose  centre  is  situated  at  the  origin  O  of  the  cartesian  coordinate  system  x,  y,  z  shown,  the  axes 
of  the  main  coils  1  being  coincident  with  the  z  axis. 

The  coil  system  10  furthermore  comprises  four  coils  3a,  3b  which  generate  the  gradient  magnetic  field 
so  Gz.  To  achieve  this,  a  first  set  3a  is  excited  by  a  current  in  the  opposite  sense  with  respect  to  the  current  in 

the  second  set  3b;  this  is  denoted  by  ©  and  ®  in  the  Figure.  Therein,  0  means  a  current  entering  the  section 
of  the  coil  3  and  ®  means  a  current  leaving  the  section  of  the  coil. 

The  coil  system  10  also  comprises  four  rectangular  coils  5  (only  two  of  which  are  shown)  or  four  other 
coils  such  as,  for  example,  "Golay  coils"  for  generating  the  gradient  magnetic  field  Gy.  In  order  to  generate 

55  the  gradient  magnetic  field  Gx  use  is  made  of  four  coils  7  which  have  the  same  shape  as  the  coils  5  and 
which  have  been  rotated  through  an  angle  of  90°  about  the  z-axis  with  respect  to  the  coils  5.  Figure  1  also 
shows  a  coil  11  for  generating  and  detecting  a  high-frequency  electromagnetic  field. 

Figure  2  shows  a  device  75  for  performing  a  method  in  accordance  with  the  invention.  The  device  15 
comprises  coils  1,  3,  5,  7  and  11  which  have  already  been  described  with  reference  to  Figure  1,  current 

so  generators  17,  19,  21  and  23  for  the  excitation  of  the  coils  1,  3,  5  and  7,  respectively,  and  a  high-frequency 
signal  generator  25  for  the  excitation  of  the  coil  11.  The  device  15  also  comprises  a  high-frequency  signal 
detector  27,  a  demodulator  28,  a  sampling  circuit  29,  processing  means  such  as  an  analog-to-digital 
converter  31,  a  memory  33  and  an  arithmetic  circuit  35  for  performing  a  Fourier  transformation,  a  control 
unit  37  for  controlling  the  sampling  instants,  and  also  a  display  device  43  and  central  control  means  45 

65  whose  functions  and  relationships  will  be  described  in  detail  hereinafter. 
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The  device  15  performs  a  method  for  determining  the  nuclear  magnetization  aistrmunon  in  a  region  ot 
a  body  20  as  will  be  described  hereinafter.  The  method  involves  the  frequent  repetition  of  a  measurement 
cycle  which  itself  can  be  divided  into  several  steps.  During  a  measurement  cycle,  a  part  of  the  nuclear  spins 
present  in  the  body  is  resonantly  excited.  The  resonant  excitation  of  the  nuclear  spins  is  obtained  by  the 

5  activation  of  the  current  generator  17  by  the  central  control  unit  45,  so  that  the  coil  1  is  energized  in  order  to 
remain  energized  for  a  desired  number  of  measurement  cycles.  A  steady  and  uniform  magnetic  field  Bo  is 
thus  generated.  Furthermore,  the  high-frequency  generator  25  is  switched  on  for  a  brief  period  of  time,  so 
that  the  coil  1  1  generates  a  high-frequency  electromagnetic  field  (r.f  .  field).  The  nuclear  spins  in  the  body  20 
can  be  resonantly  excited  by  the  applied  magnetic  fields,  the  excited  nuclear  magnetization  then  enclosing 

o  a  given  angle  of,  for  example,  90°  (90°  r.f.  pulse)  with  respect  to  the  direction  of  the  uniform  magnetic  field 
Bo.  Where  and  which  nuclear  spins  will  be  excited  will  depend  inter  alia  on  the  intensity  of  the  field  Bo,  on 
any  gradient  magnetic  field  to  be  applied,  and  on  the  angular  frequency  co„  of  the  high-frequency 
electromagnetic  field,  because  the  equation  u0  =  y.Bo  (1  )  has  to  be  satisfied,  in  which  y  is  the  gyromagnetic 
ratio  (forfree  protons,  for  example  H20  protons,  y/2.n  =  42.576  MHz/T).  After  an  excitation  period,  the  high- 

's  frequency  generator  25  is  switched  off  by  the  central  control  means  45.  The  resonant  excitation  is  always 
performed  at  the  beginning  of  each  measurement  cycle.  For  some  methods  of  operation,  r.f.  pulses  are  also 
induced  in  the  body  during  the  measurement  cycle.  These  r.f.  pulses  are  then,  for  example  a  series 
composed  of  180°  r.f.  pulses  which  are  periodically  generated.  The  latter  is  referred  to  as  "spin  echo".  Spin 
echo  is  inter  alia  described  in  the  article  by  I.  L  Pykett  "NMR  in  Medicine",  published  in  Scientific  American, 

?o  May  1982. 
During  a  next  step  signal  samples  are  collected.  For  this  purpose  use  can  be  made  of  the  gradient  fields 

which  are  generated  by  the  generators  19,  21  and  23,  respectively,  under  the  control  of  the  central  control 
means  45.  The  detection  of  the  resonance  switch  (referred  to  as  the  FID  signal)  is  performed  by  switching 
on  the  high  frequency  detector  27,  the  demodulator  22,  the  sampling  circuit  29,  the  analog-to-digital 

25  converter  31,  and  the  control  unit  37.  This  FID  signal  appears  as  a  result  of  the  precessionai  motion  of  the 
resultant  nuclear  magnetizations  about  the  field  direction  of  the  magnetic  field  Bo  which  is  caused  by  the 
r.f.  excitation  pulse.  This  nuclear  magnetization  induces  an  induction  voltage  in  the  detection  coil  whose 
amplitude  is  a  measure  of  the  resultant  nuclear  magnetization. 

The  analog,  sampled  FID  signals  originating  from  the  sampling  circuit  29  are  digitized  (converter  31) 
30  and  stored  in  a  memory  33.  After  a  final  signal  sample  has  been  taken  at  an  instant  te,  the  central  control 

means  45  deactivate  the  generators  19,  21  and  23,  the  sampling  circuit  29,  the  control  unit  37  and  the 
analog-to-digital  converter  31. 

The  sampled  FID  signal  is  and  remains  stored  in  the  memory  33.  Subsequently,  a  next  measurement 
cycle  is  performed  during  which  an  FID  signal  is  again  generated,  sampled  and  stored  in  the  memory  33. 

35  When  a  sufficient  number  of  FID  signals  have  been  measured  (the  number  of  FID  signals  to  be  measured 
depends,  for  example  on  the  desired  resolution),  an  image  is  formed  by  means  of  a  2-D  or  3-D  Fourier 
transformation  (this  depends  on  the  use  of  the  gradient  magnetic  fields  under  whose  effects  the  FID  signals 
are  generated  and  sampled). 

Figure  3a  shows  an  example  of  a  measurement  cycle  in  accordance  with  the  present  state  of  the  art 
40  which  will  be  illustrated  also  with  reference  to  the  device  15  shown  in  Figure  2.  Using  the  high-frequency 

coil  11,  a  90°  pulse  P,  is  generated  after  the  energizing  of  the  main  coils  1  which  generate  a  steady, 
homogeneous  magnetic  field  Bo.  The  resonance  signal  F1  which  results  is  allowed  to  decay  when  using  the 
spin  echo  technique  and,  after  a  period  of  time  tv1,  a  180°  pulse  P2  is  generated  by  the  high-frequency  coil 
11.  During  a  part  of  the  period  tv1,  gradient  fields  Gx  and  Gy  are  generated,  denoted  by  curves  Gn  and  G3,  for 

45  reasons  to  be  described  hereinafter.  After  a  period  of  time  tv2  which  is  equal  to  tv1,  an  echo  resonance  signal 
F2  produced  by  the  180°  pulse  P2  will  reach  a  peak  value.  The  use  of  the  so-called  spin  echo  technique  (180° 
pulse  P2)  prevents  the  occurrence  of  phase  errors  in  the  resonance  signals  produced  by  spin  nuclei;  such 
phase  errors  are  caused  by  inhomogeneities  in  the  steady  magnetic  field  Bo.  The  echo  resonance  signal  is 
sampled  each  time  after  a  sampling  interval  tm  in  the  presence  of  a  gradient  magnetic  field  Gx  which  is 

so  denoted  by  a  curve  G2. 
It  is  known  that  the  phase  angle  of  a  magnetization  at  a  point  x  in  a  gradient  magnetic  field  Gx  is 

determined  by  f  y.Gx.x.dT.  Thus  an  image  frequency  kx  can  be  defined  as:  kx  =  y.fGx.dT.  Thus,  after  each 
sampling  period  tm  a  respective  signal  sample  is  determined  which  is  associated  with  a  corresponding 
(different)  image  frequency  kx.  The  successive  image  frequencies  exhibit  an  image  frequency  difference 

55  Akx  =  y.JtmGx.dx.  It  will  be  apparent  that  when  the  described  measurement  cycle  is  repeated  during  which  a 
gradient  field  Gy  is  applied  for  some  time  before  sampling  takes  place,  signal  samples  are  obtained  which 
are  associated  with  image  frequency  pairs  (kx,  ky).  In  the  absence  of  a  gradient  magnetic  field  Gy,  signal 
samples  are  thus  obtained  which  are  associated  with  the  image  frequencies  (kx,  O).  It  can  be  demonstrated 
that,  when  a  group  of  signal  samples  are  collected  which  are  associated  with  a  matrix  of  image  frequency 

60  pairs,  kx,  ky  in  which  the  image  frequencies  range  from  -kxm  to  +kxm  and  from  -kym  to  +kym,  the  distribution 
of  the  magnetization  can  be  determined  in  an  x—  y  plane  from  this  group  of  signal  samples  by  means  of  a 
2-D  Fourier  transformation,  |kxm|  and  |kym|  being  the  highest  image  frequencies  occurring  in  the  matrix. 
Consequently,  for  the  determination  of  a  nuclear  magnetization  distribution  it  is  necessary  to  extract  signal 
samples  which  are  associated  wtih  image  frequencies  between  -kxm  and  +kxm,  and  between  -kym  and 

65  +kym.  The  image  frequency  ky  is  determined  by:  ky  =  YtJ"v1G3(T).dT,  so  that  it  has  a  constant  value  during  a 
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measurement  cycle.  The  image  frequency  kx  is  determined  by  the  gradient  fields  and  G2,  the  intensities 
and  durations  of  these  fields  being  adapted  to  one  another  so  that  at  the  instant  t0  the  signal  sample 
associated  with  the  image  frequency  pair  (0,  ky)  is  extracted.  The  foregoing  implies  that: 

*  J-tv1y.G1(T).dT=  rtv2y.G2(T).dT. 

When  t  rv1Y.G1(x).dx  is  adjusted  so  that  the  integral  equal  +kxm,  the  first  signal  sample  extracted  at  the  instant 
t  =  ts  will  be  associated  with  the  image  frequency  pair  (-kxm,  ky).  After  expiration  of  a  period  of  time  T  of  the 
measurement  cycle  started  by  the  pulse  P1(  a  next  measurement  cycle  is  started  by  a  similar  measurement 

10  pulse  P'i  in  order  to  take  a  new  series  of  signal  samples  which  are  associated  with  image  frequency  pairs  (kx, 
ky),  kx  being  variable  and  ky  being  constant  and  predetermined  in  that  during  the  period  tj,  between  the 
pulses  and  P2  a  gradient  field  G}  and  a  gradient  field  G3  (of  a  different  intensity)  are  applied.  The  period  of 
time  T  expiring  between  the  beginning  of  two  measurement  cycles  amounts  to  from  0.5  to  1  s  in  the 
methods  according  to  the  present  state  of  the  art.  A  further  reduction  of  this  period  of  time  will  be  at  the 

'5  expense  of  the  nuclear  spin  echo  signal  generated  during  the  next  measurement  cycle,  because  a 
substantial  part  of  the  excited  nuclear  spins  will  have  a  comparatively  long  relaxation  time  with  respect  to 
this  shorter  period  of  time.  Only  that  proportion  of  the  nuclear  spins  which  have  relaxed  back  into  the 
direction  of  the  main  field  Bo  will  then  make  a  contribution  to  the  next  spin  echo  signal. 

If  no  gradient  field  is  present  during  the  measurement  period,  as  shown  in  Figure  3b  (all  pulses  in 
20  Figure  3b  which  are  also  shown  in  Figure  3a  are  denoted  by  corresponding  reference  numerals),  signal 

samples  will  be  taken  which  are  a  function  of  kx,  ky  and  the  period  t.  Using  the  measurement  cycle  shown  in 
Figure  3b,  one  row  after  the  other  of  a  three-dimensional  matrix  (kx,  ky,  t)  is  filled,  a  3-D  matrix  containing 
data  (x,  y,  f)  being  derived  therefrom  after  a  3-D  Fourier  transformation:  an  (x,  y)  location-dependent 
frequency  spectrum  (f). 

25  The  period  of  time  required  for  the  execution  of  methods  as  shown  in  the  Figures  3a  and  b  can  be 
substantially  reduced  as  will  be  explained  with  reference  to  the  Figures  4  and  5. 

Figure  4  illustrates  a  measurement  cycle  of  a  method  in  accordance  with  the  invention.  This 
measurement  cycle  is  actually  identical  to  one  of  the  measurement  cycles  shown  in  the  Figures  3a  and  b. 
For  the  sake  of  clarity.  Figure  4  does  not  show  gradient  fields  and  only  the  relevant  nuclear  spin  echo 

30  signals.  However,  in  the  method  in  accordance  with  the  invention  the  high-frequency  180°  pulse  P3  is 
generated  a  period  of  time  t2  after  the  instant  of  echo  of  the  generated  nuclear  spin  echo  signal  F2.  During 
the  nuclear  spin  echo  signal  F3  thus  generated,  a  further  high-frequency  excitation  pulse  P4  is  generated. 
The  centre  of  gravity  of  the  (gaussian  pulse-shaped)  high-frequency  excitation  pulse  P4  preferably 
coincides  with  the  instant  of  echo  of  the  echo  signal  F3.  The  pulses  P3  and  P4  serve  the  following  purpose. 

35  The  180°  pulse  P3  puts  the  components  of  the  nuclear  magnetizations  which  are  directed  transversely  with 
respect  to  the  main  field  Bo  in  phase  (at  the  instant  of  echo),  provided  that  the  phase  differences  caused  by 
the  gradient  fields  and  other  (deliberately  introduced)  field  inhomogeneities  are  compensated  for. 
Consequently,  the  direction  of  these  components  of  the  magnetizations  can  be  changed  in  a  simple  manner 
by  the  further  high-frequency  excitation  pulse  P4.  The  phase  of  the  high-frequency  excitation  pulse  P4  with 

40  respect  to  the  resultant  phase  of  the  nuclear  magnetizations  at  the  instant  of  echo  determines  the 
directional  variation  of  the  components  of  the  nuclear  magnetization  which  are  now  in  phase.  When  the 
phase  of  the  (selective)  electromagnetic  pulse  P-,  is  assumed  to  be  0°,  and  this  pulse  P,  is  defined  as  an  x 
pulse,  a  high-frequency  180°  pulse  P2  will  generally  be  an  x  pulse  or  an  -x  pulse  (in  phase  or  in  phase 
opposition  with  Pn)  or  an  y  pulse  or  a  -y  pulse.  However,  pulses  having  a  different  phase  can  also  be  used. 

45  If  the  high-frequency  180°  pulse  P2  is  an  x  pulse,  preferably  a  second  echo  signal  F3  is  generated  with  a 
-x  180°  pulse  P3.  Possible  effects  of  inhomogeneities  of  the  high-frequency  field  and  of  the  steady 
magnetic  field  Bo,  which  affect  the  intensity  and  the  phase  of  the  first  nuclear  spin  echo  signal  F2,  are  thus 
compensated  for.  The  two  successive  nuclear  spin  echo  signals  F2  and  F3  then  have,  for  example  a  - y  
phase  and  a  +y  phase,  respectively,  in  this  pulse  cycle  P,—  P2—  P3.  During  the  second  nuclear  spin  echo 

so  signal  F3,  a  further  high-frequency  90°  (selective)  excitation  pulse  P4  is  generated.  The  phase  of  this  pulse  P4 
determines  the  directional  variations  to  which  the  nuclear  magnetizations  will  be  subjected.  If  the  pulse  P4 
is  a  -x  pulse,  any  transverse  components  of  the  nuclear  magnetizations  will  be  rotated  so  as  to  lie  in  the 
direction  (positive  z-axis)  of  the  steady  magnetic  field  Bo.  In  the  case  of  a  +x  pulse,  said  transverse 
components  will  be  rotated  so  as  to  lie  in  the  opposite  direction  (negative  z-axis)  to  that  of  the  magnetic 

55  field  Bo.  It  may  be  stated  in  general  that  the  phase  of  the  further  high-frequency  excitation  pulse  will  either 
lead  or  lag  the  resultant  phase  of  the  nuclear  magnetization  by  90°  at  the  instant  of  echo.  The  further 
excitation  pulse  P4  thus  rotates  the  transverse  components  into  the  equilibrium  position  or  against  the 
direction  of  the  steady  magnetic  field  Bo.  When  more  than  one  nuclear  spin  echo  signal  is  generated  and/or 
use  is  made  of  an  excitation  pulse  having  a  different  phase  at  the  start  of  a  measurement  cycle,  the  phase 

so  required  by  the  further  high-frequency  excitation  signal  for  rotating  the  transverse  components  of  the 
magnetization  into  the  direction  of  or  into  the  direction  opposite  to  that  of  the  magnetic  field  Bo  can  be 
deduced  in  a  simple  manner.  The  ultimate  result  will  depend  on  the  pulse  sequences  used  during  the 
measurement  cycle  and  on  the  relaxation  times  T,  and  T2  of  the  object  under  examination.  When  a 
measurement  cycle  as  shown  in  Figure  4  is  performed,  the  duration  T-,  of  this  measurement  cycle  amounts 

65  to  200  ms.  After  the  (selective)  excitation  pulse  P,  (+x  90°  pulse)  there  is  applied,  after  tv1  (=  25  ms),  a  +x, 
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80°  pulse  P2,  after  which  an  echo  signal  F2  occurs  which  is  sampiea.  i  ne  puise  r3  is  a  -x  iau  puise  wmui 
ucceeds  P2  after  50  ms,  so  that  the  further  high-frequency  excitation  pulse  P4  should  follow  after  25  ms. 
his  pulse  P4  (+x,  90°  pulse)  is  followed  by  a  waiting  period  of  100  ms,  so  that  the  overall  duration  of  the 
neasurement  cycle  is  approximately  200  ms;  this  is  substantially  shorter  than  the  duration  T  of  from 
00  ms  to  1  second  of  a  measurement  cycle  according  to  the  present  state  of  the  art  (Figures  3a  and  b).  It 
an  be  calculated  that  after  the  generation  of  a  regular,  complete  series  of  nuclear  spin  echo  signals,  the 
ignal  intensity  S,  at  the  instant  of  echo  (in  the  dynamic  steady  state)  equals: 

[1-exp(-t4/T1)].exp(-2t1/T2) 
Si  =  k.Mo. 

1-exp(-(t,  +  t2  +  t3)/T2).exp(-t4/T1) 

n  which  M0  is  the  induced  nuclear  magnetization  in  thermal  equilibrium  and  k  represents  the  instrument 
larameters.  For  t,  «  T1f  T2  and  also  for  t,  «  T1f  T2,  in  which  i  =  1  ,  2,  3  or  4:  S,  «  k.M0  exp(-2t1/T2),  which  is 
he  signal  strength  occurring  upon  full  relaxation  to  thermal  equilibrium.  If  no  further  high-frequency 
sxcitation  pulse  is  used,  this  will  occur  only  for  t,  »  T1f  T2.  It  will  be  apparent  that  when  the  further 
sxcitation  pulses  are  used,  the  image  will  not  be  exactly  the  same  as  in  the  case  of  a  complete  relaxation  of 
he  magnetizations;  however,  it  has  been  found  in  practice  that  the  waiting  period  between  the  successive 
iamples  can  be  substantially  reduced  without  giving  rise  to  a  significant  signal  loss  so  that  an  image  can  be 
>rovided  which  is  rich  in  information  concerning  the  distribution  of  nuclear  magnetization. 

Figure  5  shows  a  preferred  version  of  a  method  in  accordance  with  the  invention.  The  measurement 
:ycle  of  this  method  actually  comprises  two  cycles  which  have  the  same  puise  sequence  but  in  which  some 
)f  the  time  intervals  between  the  pulses  in  the  two  cycles  are  different.  In  the  present  example  the  high- 
requency  90°  and  180°  pulses  in  the  first  and  the  second  cycle  correspond  to  the  90°  and  180°  pulses  of 
:igure  4.  The  time  intervals  ti1f  tj2,  t2,  t3  also  correspond  to  tv1,  tv2,  t2,  t3,  respectively.  The  time  interval  t4  is 
onger  than  the  time  interval  t4.  From  the  stationary  solution  of  the  Bloch  equations  it  can  be  deduced  that 
legative  signals  can  occur  in  the  nuclear  spin  echo  signal  formed  in  the  second  cycle,  thus  giving  rise  to 
jhanges  in  contrast  (different  intensity  distributions)  in  the  NMR  image  to  be  reconstructed  of  the  object  to 
ae  displayed.  Besides  the  described  reduction  of  the  measurement  time  (the  periods  T,  and  T1  should  be 
;hosen  so  that  together  they  are  shorter  than  the  measurement  period  T  in  Figure  3a  or  3b  it  is  thus  also 
oossibie  to  reproduce  other  information  in  an  NMR  image;  this  information  will  depend  on  the  time 
ntervals  used  in  the  successive  cycles. 

It  is  also  to  be  noted  that  90°  and  180°  excitation  pulses  are  used  in  the  described  examples.  Evidently, 
Dther  pulse  angles  may  also  be  used  at  the  beginning  (P1f  P;)  of  a  cycle  as  well  as  for  the  further  high- 
Frequency  pulse  (P4,  P4)  at  the  end  of  the  measurement  cycle  (with  or  without  selective  excitation). 

For  the  selection/adjustment  of  a  given  pulse  sequence  and  the  associated  time  intervals  for  a 
measurement  cycle,  use  is  preferably  made  of  preprogrammed  computer  means.  In  one  embodiment  of 
the  device  15  (Figure  2),  the  central  control  means  45  comprise  a  preprogrammed  computer  51  with  an 
input/out  work  station  52  for  control  data  and  a  pulse  program  generator  52  (see  Figure  6).  Outputs  55  of 
the  pulse  program  generator  53  are  connected,  via  the  bus  50  (see  Figure  2)  to  the  current  generators  19, 
21  ,  23  and  25  to  be  controlled  by  the  generator  53  for  the  coils  3a,  b,  5,  7  and  1  1  .  It  will  be  apparent  that  the 
outputs  55  can  also  be  directly  connected  to  said  generators.  The  computer  (Philips  type  P857)  is 
programmed  in  accordance  with  the  program  which  is  given  hereinafter  in  the  appendix;  on  the  basis  of 
this  program  it  controls  the  pulse  program  generator  53  (Nicoiet  type  293B)  by  means  of  the  program  and 
control  data  to  be  input  via  the  work  station  52.  The  set  of  instructions  used  in  the  program  (third  column  in 
the  program)  is  the  instruction  set  of  the  pulse  program  generator  53  (with  the  exception  of  the  instruction: 
JSA,  which  results  in  a  jump  to  the  start  address).  Each  entry  in  the  fourth  column  defines  a  period  of  time 
during  which  the  output  signals  should  be  present  at  the  outputs  of  the  generator  53.  The  fourth  column  of 
the  program  indicates  the  state  of  the  outputs  of  the  generator  53  in  a  hexadecimal  code  (with  the 
exception  of  the  letter  S).  The  fifth  column  states  an  address  or  memory  location.  The  symbol  I  in  the  sixth 
column  indicates  the  presence  of  an  interrupt  which  can  fetch  additional  functions  in  conjunction  with  a 
part  of  a  code  to  be  output  on  the  outputs  55  of  the  generator,  for  example:  a  load  the  generator  25  with  a 
new  waveform  (for  180°  pulse  instead  of  90°  pulse),  b  reverse  the  phase  of  an  excitation  pulse,  or  c 
indication  of  the  beginning  of  a  new  pulse  sequence.  The  program  given  in  the  appendix  utilizes 
exclusively  +  or  -  y  pulses  for  the  90°  excitation  pulses  and  exclusively  +  or  -  x  pulses  for  the  180°  pulses. 

Even  though  the  determination  of  nuclear  spin  resonance  spectra  has  been  described  with  reference  to 
Figure  3b  subject  to  the  condition  that  no  steady  gradient  magnetic  field  is  present  during  the 
measurement  period,  such  a  determination  where  signal  samples  are  extracted  in  the  presence  of  a 
gradient  magnetic  field  during  the  measurement  period  is  very  well  feasible.  If  the  application  of  any 
gradient  field  is  postponed  after  the  excitation  by  a  dephasing  delay  tx  (for  example,  during  the 
preparation  period),  after  which  two  gradient  fields  are  applied  in  order  to  extract  signal  samples  in  the 
presence  of  a  third  gradient  field,  a  4-D  matrix  (kx,  ky,  kz,  t)  can  also  be  filled  with  signal  samples,  provided 
that  the  said  dephasing  delay  tx  differs  for  each  measurement  cycle.  After  4-D  Fourier  transformation,  the 
desired  spectrum  is  then  found  again  as  a  function  of  x,  y,  z. 

For  the  described  examples,  the  nuclear  magnetization  distributions  have  each  time  been  determined 
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via  Fourier  transformation  (Fourier  zeugmatography).  It  is  to  be  noted  that  the  methods  in  accordance  with 
the  invention  also  cover  the  methods  based  on  the  so-called  projection  reconstruction  methods  such  as 
described  in  Philips  Technisch  Tijdschrift,  41,  No.  3,  1983,  pages  73—89. 
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0 
1 
2 
3 
4 
«r 
6 
7 
8 
9 

L0 
LI 
12 
13 
14 
15 
16 
17 
18 
19 
: o  
z \  
12 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
3S 
36 
37 
38 
39 
4-0 
4 i  
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 

•P0027  :  NAME  OF  PULSE  PROGRAM 
531006  :  VERSION  DATE  OF  PULSE  PROGRAM 
LOO  :  DWELLTIME  IN  MICRO-SECONDS.  (=4  *  D I D  

rHIS  PULSE  PROGRAM  HEADER  CONTAINS  THE  CODED  DESCRIPTION  OF  4  RF  PULSE 
SEQUENCES.  THE  FIWST  THREE  ARE  TO  BE  USED  FOR  NMR  IMAGING  USING  DRIVEN 
iOUILIBRIUM  TCCMNIOUES  .  THE  LAST  ONE  IS  FOR  COMPARISON  PURPOSES  AND 
1AKES  NO  USE  Ô   DRIVEN  EQUILIBRIUM  TECHNIQUES.  THIS  LAST  PULSE 
SEQUENCE  IS  COMMONLY  KNOUN  AS  SATURATION  RECOVER  Y  RF  PULSE  SEQUENCE  . 
5NE  CAN  CHOOSE  FPOM  ONE  OF  THE  FOLLOWING  RF  PULSE  SEQUENCES  s 

(0)  TZP  RF  PULSE  SEQUENCE  : 

P(90)  -  TAU  -  PU80)  -  2*TAU  -  PU80)  -  TAU  -  P  (RESET)  -  (DO  +  44) 

U)  VZP  RF  PULSE  SEQUENCE  : 

I  RU  -*  r  (KtaL  i  i P  (.90)  -  TAU  -  PCISEJ;  -  ji*  I  RU  -  r  USUI  -  l"U  r \ i \ c a c i /   ■  ^j.-.w, 
(DO  -  44) 

<2)  VZP-VZP  RF  PULSE  SEQUENCE  : 

P(«JQ)  -  TAU  -  P<180)  -  2*TAU  -  P(180)  -  TAU  -  P  (RESET)  -  P(180)  -  
(DiO  «■  44)  -  P(90)  -  TAU  -  P(180)  -  2»TAU  -  P(180)  -  TAU  -  
P  (RESET)  -  P(180)  -  (DO  +  44) 

(3)  SATURATION  RECOVERY  RF  PULSE  SEQUENCE  : 

P(90)  -  TAU  -  P(180)  -  2»TAU  -  P(180)  -  TAU  -  (DO  + 

0  :  START  ADDRESS  OF  PULSE  PROGRAM 
=  0  FOR  TZP  (RESET  CYCLE)  t  SEQ  .TIME  =  144  +  DO  MS. 
=  1  FOR  VZP  (SET  CYCLE)  t  SEQ.  TIME  =  144  +  DO  MS. 
=  2  FOR  VZP-VZP  (2  «  SET  CYCLE)  t  SEQ.  TIME  =  288  +  DO  +  D10  MS. 
=  3  FOR  SATURATION  RECOVER  Y  r  SEQ.  TIME  »  144  +  DO  MS. 

• » • • » # « » « * « « « • « » * » » * » * * * * * * * * * * * * * * * * * * « * * * * * * * » * * * * * * * * * * * * * * * * * * * * * * * *  
COUNTER  VALUES  : 

2S&  ;  CI  =  NUMBER  OF  TIME-SAMPLES  IN  ECHO 
END  ' 
» » » » « « « » » » « « « » * » » » » * * * » * « « * * * » * * * * * * * « * * * * * * * * » * * * * * * * * * * * * * * * * * * * * * * * * *  
DURATION  VALUES  :  (DO?  Dl*D2r  »D14) 

DO  =  T(P(90))   -  T l C U K t J b t U /   ~  *t*»  nocw.  
DURATIONS  1»2  AND  3 
DURATIONS  4  AND  5 
DURATIONS  6r7»8  AND  9 
D10  =  T(P(90))   -  T(P((RE)SET>)  -  44  MSEC. 
DURATIONS  l l f l 2   D12  =  .5  *  D4/C1 
DURATIONS  13»14 

256M  »  LIU  =  I  l  ru  )  I  —  l  \  r  \  \  r»  l.  /  ju  i  '  i  -t-t  —  —  - 
3Mf9M»lM  'f  DURATIONS  1.2  AND  3 
10M,6M  »  DURATIONS  4  AND  5 
7M»lM,1.2Mr8M  5  DURATIONS  6 ,7 ,8   AND  9 
Z6n  ;  D10  =  T(P(90))   -  T(P((RE)SET>)  -  44  MSEC. 
25U»19.53U  '  DURATIONS  l l f l 2   D12  =  .5  *  D4/C1 
3M,2M  f  DURATIONS  1 3 , 1 4  
END  * 
« « * » » « « » * » « * » « » * * « * * « * * » * * » * » * * » * * » » » * * * * « » * * * * * « * * * * * * * * * * * * * * * * * * * * * * *  
PULSE  MENUES 

0  ZJUC  D2  S8900E  7  I 
1  UUC  D2  S8900E  50  I 
2  3UC  D2  S8900E  94  I 
3  3UC  D2  S8900E  136  I 

START  FOR  TZP  »  KEStl  WHVtrwKn  u t n w n . v ^  
START  FOR  VZP  t  "  
START  FOR  VZP-VZP  ,  '  '  
START  FOR  RH0-T2  ,  '  ' 

y 



58  4  3UC  D2  S8900E  178 
59 
60  7  NOP  Dl  SOOEOE 
61  8  NOP  D13  SOOOOE 
62  9  NOP  Dl  SOOEOE 
63  10  NOP  Dl  SOOOOE 
64  11  NOP  D7  SOOEOE 
65  12  NOP  D3  SOOOOE 
66  13  NOP  D4  S0013E 
67  14  NOP  Dl  SOOEOE 
68  15  NOP  D3  SOOOOE 
69  16  NOP  D7  SOOEOE 
70  17  NOP  D6  S5000E 
71  18  NOP  Dl  SOOEOE 
72  19  NOP  D3  SOOOOE 
73  20  NOP  D7  SOOEOE 
74  21  LD1  D5  S00F8E  CI 
75  22  NOP  Dl  S02E0A 
76  23  NOP  D8  S0200A 
77  24  NOP  Dl  S02EOA 
78  25  NOP  D3  S02000 
79  26  DUC  D7  S02E00  29 
80  27  NOP  Dll  SOOOOO 
H  28  131  Dll  SOOOOO  31 
82  29  NOP  Dll  S00001 
83"  30  3UC  D11.S00001  27 
84  31  NOP  Dl  SOOEOE 
85  32  NOP  D8  SOOOOE 
86  33  NOP  Dl  SOOEOE 
87  34  NOP  D3  SOOOOE 
88  35  NOP  D7  SOOEOE 
89  36  NOP  D5  S00F8E 
90  37  NOP  Dl  SOOEOE 
91  38  NOP  D9  SOOOOE 
92  39  NOP  Dl  SOOEOE 
93  40  NOP  D3  SOOOOE 
94  41  NOP  D14  SOOEOE 
95  42  NOP  D-4  S00F3E 
96  43  NOP  Dl  SOOEOE 
97  44  NOP  D3  SOOOOE 
98  45  NOP  D7  SOOEOE 
99  46  NOP  D5  SOOOOE 

100  47  DSA  DO  SOOOOE 
101 
102  50  NOP  Dl  SOOEOE 
103  51  NOP  D13  SOOOOE 
104  52  NOP  Dl  SOOEOE 
105  53  NOP  Dl  SOOOOE 
106  54  NOP  D7  SOOEOE 
107  55  NOP  D3  SOOOOE 
108  56  NOP  D4  S0013E 
109  57  NOP  Dl  SOOEOE 
110  58  NOP  D3  SOOOOE 
111  59  NOP  D7  SOOEOE 
112  60  NOP  D6  S5000E 
113  61  NOP  Dl  SOOEOE 
114  62  NOP  D3  SOOOOE 
115  63  NOP  D7  SOOEOE 
116  64  LIU  D5  S00F8E  CI 
117  65  NOP  Dl  S02E0A 
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I  i  START  ADJUSTMENT  VZP/T2P  CYCLE  »  » '  

;  START/STOP  GRADIENTS 

»  START/STOP  GRADIENTS 

»  START/STOP  GRADIENTS 

f  90  DEGREES  +/-Y  RF  PULSE 
5  START/STOP  GRADIENTS 

;  START/STOP  GRADIENTS 
I  i  PHASE  ALTERNATE  Y 

;  START/STOP  GRADIENTS 

J  START  /STOP  GRADIENTS 
i  180  DEGREES  +X  RF  PULSE  ,  LOAD  LOOP  COUNTER 
5  START/STOP  GRADIENTS 

START/STOP  GRADIENTS 

START/STOP  GRADIENTS 
NS  *  TDWELL  LOOP 

ADC  SAMPLE  PULSE 

START/STOP  GRADIENTS 

START/STOP  GRADIENTS 

START/STOP  GRADIENTS 
180  DEGREES  +X  RF  PULSE 
START  /STOP  GRADIENTS 

START/STOP  GRADIENTS 

START/STOP  GRADIENTS 
90  DEGREES  TZP  (RESET  PULSE) 
START/STOP  GRADIENTS 

START/STOP  GRADIENTS 
NO  RF  PULSE 
RECYCLE 

START/STOP  GRADIENTS 

START/STOP  GRADIENTS 

START/STOP  GRADIENTS 

90  DEGREES  +/-Y  RF  PULSE 
START/STOP  GRADIENTS 

START/STOP  GRADIENTS 
PHASE  ALTERNATE  Y 
START/STOP  GRADIENTS 

START/STOP  GRADIENTS 
180  DEGREES  +X  RF  PULSE  ,  LOAD  LOOP  COUNTER 
START/STOP  GRADIENTS 

10 
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18  66  NOP  D8  S0200A  r 
19  67  NOP  Dl  S02E0A  5  START/STOP  GRADIENTS 
20  68  NOP  D3  S02000  ? 
21  69  3UC  D7  S02E00  72  5  START/STOP  GRADIENTS 
22  70  NOP  Dll  SOOOOO  5  NS  *  TDWELL  LOOP 
23  71  131  Dll  SOOOOO  74  J 
24  72  NOP  Dll  S00001  5  ADC  SAMPLE  PULSE 
25  73  3UC  Dll  S00001  70  ! 
26  74  NOP  Dl  SOOEOE  5  START/STOP  GRADIENTS 
27  75  NOP  D8  SOOOOE  5 
28  76  NOP  Dl  SOOEOE  5  START/STOP  GRADIENTS 
29  77  NOP  D3  SOOOOE  i 
30  78  NOP  D7  SOOEOE  i  START/STOP  GRADIENTS 
31  79  NOP  D5  S00F8E  t  180  DEGREES  +X  RF  PULSE 
32  80  NOP  Dl  SOOEOE  5  START/STOP  GRADIENTS 
33  81  NOP  D9  SOOOOE  ' 
34  82  NOP  Dl  SOOEOE  5  START/STOP  GRADIENTS 
35  83  NOP  D3  SOOOOE  » 
36  84  NOP  D14  SOOEOE  i  START/STOP  GRADIENTS 
37  85  NOP  D4  S00F3E  i  90  DEGREES  TZP  (RESET  PULSE) 
38  86  NOP  Dl  SOOEOE  i  START/STOP  GRADIENTS 
39  87  NOP  D3  SOOOOE  5 
40  88  NOP  D7  SOOEOE  5  START/STOP  GRADIENTS 
41  89  NOP  D5  S0018E  5  180  DEGREES  +X  PULSE 
42  90  3SA  DO  SOOOOE  I  *  RECYCLE 
43 
44  94  NOP  Dl  SOOEOE  i  START/STOP  GRADIENTS 

.45  95  NOP  D13  SOOOOE  ? 

.46  96  NOP  Dl  SOOEOE  i  START/STOP  GRADIENTS 
L47  97  NOP  Dl  SOOOOE  5 
L48  98  NOP  D7  SOOEOE  *  START/STOP  GRADIENTS 
,49  99  NOP  03  SOOOOE  5 
L50  100  NOP  D4  S0013E  5  90  DEGREES  +/-Y  RF  PULSE 
LSI  101  NOP  Dl  SOOEOE  5  START/STOP  GRADIENTS 
L52  102  NOP  D3  SOOOOE  i 
L53  103  NOP  07  SOOEOE  ?  START/STOP  GRADIENTS 
L54  104  NOP  06  S5000E  I  i  PHASE  ALTERNATE  Y 
L55  105  NOP  01  SOOEOE  5  START/STOP  GRADIENTS 
L56  106  NOP  D3  SOOOOE  i 
L57  107  NOP  07  SOOEOE  5  START/STOP  GRADIENTS 
L58  108  LD1  D5  S00F8E  CI  i  180  DEGREES  +X  RF  PULSE  ,  LOAD 
59  109  NOP  01  S02E0A  i  START/STOP  GRADIENTS 

L60  110  NOP  08  S0200A  1 
161  111  NOP  01  S02E0A  »  START/STOP  GRADIENTS 
162  112  NOP  03  S02000  * 
163  113  3UC  07  S02E00  116  i  START/STOP  GRADIENTS 
164  114  NOP  Dll  SOOOOO  ?  NS  «  TDWELL  LOOP 
165  115  131  Dll  SOOOOO  118  » 
166  116  NOP  Dll  S00001  5  ADC  SAMPLE  PULSE 
167  117  3UC  Dll  S00001  114  5 
168  118  NOP  01  SOOEOE  ?  START/STOP  GRADIENTS 
169  119  NOP  08  SOOOOE  ! 
170  120  NOP  01  SOOEOE  t  START/STOP  GRADIENTS 
171  121  NOP  03  SOOOOE  ! 
172  122  NOP  07  SOOEOE  i  START/STOP  GRADIENTS 
173  123  NOP  D5  S00F8E  i  180  DEGREES  +X  RF  PULSE 
174  124  NOP  01  SOOEOE  5  START/STOP  GRADIENTS 
175  125  NOP  D9  SOOOOE  » 
176  126  NOP  Dl  SOOEOE  5  START/STOP  GRADIENTS 
177  127  NOP  D3  SOOOOE  » 
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78  128  NOP  D14  SOOEOE  i  START/STOP  GRADIENTS 
79  129  NOP  D4  S00F3E  5  90  DEGREES  TZP  (RESET  PULSE) 
80  130  NOP  Dl  SOOEOE  »  START/STOP  GRADIENTS 
81  131  NOP  D3  SOOOOE  » 
82  132  NOP  D7  SOOEOE  5  START/STOP  GRADIENTS 
83  133  NOP  D5  S5018E  I  5  180  DEGREES  +X  PULSE  t  PHASE  ALTERNATE  Y 
84  134  3UC  D10  SOOOOE  1  5  GOTO  VZP  CYCLE 

.85 
L86  136  NOP  Dl  SOOEOE  J  START/STOP  GRADIENTS 
L87  137  NOP  D13  SOOOOE  ? 
188  13C  NOP  Dl  SOOEOE  i  START/STOP  GRADIENTS 
L89  139  NOP  Dl  SOOOOE  5 
L90  140  NOP  D7  SOOEOE  5  START/STOP  GRADIENTS 
L91  141  NOP  D3  SOOOOE  r 
L92  142  NOP  D4  S0013E  5  90  DEGREES  +/-Y  RF  PULSE 
193  143  NOP  Dl  SOOEOE  >  START/STOP  GRADIENTS 
L94  144  NOP  D3  SOOOOE  » 
L95  145  NOP  D7  SOOEOE  »  START/STOP  GRADIENTS 
L96  146  NOP  D6  S5000E  I  »  PHASE  ALTERNATE  Y 
L97  147  NOP  Dl  SOOEOE  '  START/STOP  GRADIENTS 
L98  148  NOP  D3  SOOOOE  » 
L99  149  NOP  D7  SOOEOE  5  START/STOP  GRADIENTS 
100  150  LD1  D5  S00F8E  CI  !  180  DEGREES  +X  RF  PULSE  ?  LOAD  LOOP  COUNTER 
loL  151  NOP  Dl  S02E0A  J  START/STOP  GRADIENTS 
202  152  NOP  D8  S0200A  » 
203  153  NOP  Dl  S02E0A  J  START/STOP  GRADIENTS 
204  154  NOP  D3  S02000  i 
205  155  3UC  D7  S02E00  158  i  START/STOP  GRADIENTS 
206  156  NOP  Dll  SOOOOO  5  NS  *  TDWELL  LOOP 
207  157  131  Dll  SOOOOO  160  » 
208  158  NOP  Dll  S00001  i  ADC  SAMPLE  PULSE 
209  159  3UC  Dll  S00001  156  f 
210  160  NOP  Dl  SOOEOE  5  START/STOP  GRADIENTS 
211  161  NOP  D8  SOOOOE  J 
212  162  NOP  Dl  SOOEOE  5  START/STOP  GRADIENTS 
213  163  NOP  D3  SOOOOE  J 
21-4  164  NOP  D7  SOOEOE  5  START/STOP  GRADIENTS 
215  165  NOP  D5  S00F8E  !  180  DEGREES  +X  RF  PULSE 
216  166  NOP  Dl  SOOEOE  »  START/STOP  GRADIENTS 
217  167  NOP  D9  SOOOOE  ? 
218  168  NOP  Dl  SOOEOE  f  START/STOP  GRADIENTS 
2.19  169  NOP  D3  SOOOOE  5 
22.0  170  NOP  D14  SOOEOE  i  START/STOP  GRADIENTS 
221  171  NOP  D4  SOOFOE  5  NO  RF  PULSE 
222  172  NOP  Dl  SOOEOE  i  START/STOP  GRADIENTS 
223  173  NOP  03  SOOOOE  5 
224  174  NOP  D7  SOOEOE  i  START/STOP  GRADIENTS 
225  175  NOP  D5  SOOOOE  't  NO  RF  PULSE 
226  176  3SA  DO  SOOOOE  I  5  RECYCLE 
227 
228  178  NOP  01  SOOEOE  i  START/STOP  GRADIENTS 
229  179  NOP  D13  SOOOOE  i 
230  180  NOP  Dl  SOOEOE  i  START/STOP  GRADIENTS 
231  181  NOP  01  SOOOOE  f 
232  182  NOP  D7  SOOEOE  »  START/STOP  GRADIENTS 
233  183  NOP  D3  SOOOOE  i 
234  184  NOP  D4  S0013E  i  90  DEGREES  +/-Y  RF  PULSE 
235  185  NOP  Dl  SOOEOE  f  START/STOP  GRADIENTS 
236  186  NOP  D3  SOOOOE  > 
237  187  NOP  D7  SOOEOE  5  START/STOP  GRADIENTS 
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238  188  NOP  06  S5000E 
239  189  NOP  Dl  SOOEOE 
240  190  NOP  03  SOOOOE 
241  191  NOP  07  SOOEOE 
242  192  L01  OS  S00F8E  CI 
243  193  NOP  01  S02E0A 
244  194  NOP  08  S0200A 
245  195  NOP  Dl  S02E0A 
246  196  NOP  D3  S02002 
247  197  3UC  D7  S02E02  200 
248  198  NOP  Dll  S00002 
249  199  131  Dll  S00002  202 
250  200  NOP  Dll  S00002 
251  201  3UC  Dll  S00002  198 
252  202  NOP  Dl  SOOEOE 
253  203  NOP  D8  SOOOOE 
254  204  NOP  Dl  SOOEOE 
255  205  NOP  D3  SOOOOE 
256  206  NOP  D7  SOOEOE 
257  207  NOP  D5  S00F8E 
258  208  NOP  Dl  SOOEOE 
259  209  NOP  D9  SOOOOE 
ZfcC  210  NOP  Dl  SOOEOE 
241  211  NOP  03  SOOOOE 
262  212  L01  07  SOOEOA  CI 
263  213  3UC  07  S00E08  215 
264  214  131  D12  SOOEOO  216 
265  215  3UC  012-  S00E01  214 
266  216  NOP  01  SOOEOE 
267  217  NOP  03  SOOOOE 
268  218  NOP  07  SOOEOE 
269  219  3SA  DO  SOOOOE 
270 
271  END 
272 
273  +  :  FREE 
274  #  :  FREE 
275  »  «  FREE 
276  *  l  FREE 
277  *  .  i  FREE 
278  *  :  FREE 
ZTt  «  t  FREE 
ISO  *  :  FREE 
281  »  i  FREE 
282  «  i  FREE 
283  *  t  FREE 
284  «  X  FREE 
285  «  :  FREE 
286  «  t  FREE 
287  *  I  FREE 
288  *  :  FREE 
289  *  s  FREE 
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I  t  PHASE  ALTERNATE  Y 
;  START/STOP  GRADIENTS 
i 
;  START/STOP  GRADIENTS 
1  180  DEGREES  +X  RF  PULSE  t  LOAD  LOOP  COUNTER 
J  START/STOP  GRADIENTS 
t 
i  START/STOP  GRADIENTS 
J 
J  START/STOP  GRADIENTS 
;  NS  »  TDWELL  LOOP 

i  START/STOP  GRADIENTS 

f  START/STOP  GRADIENTS 

J  START/STOP  GRADIENTS 
i  180  DEGREES  +X  RF  PULSE 
i  START/STOP  GRADIENTS 

;  START/STOP  GRADIENTS 
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t  START/STOP  GRADIENTS 
I  J  RECYCLE 
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Claims 

1.  A  method  of  determining  a  nuclear  magnetic  distribution  in  a  region  of  a  body,  in  which  a  steady, 
homogeneous  magnetic  field  is  generated  in  which  the  region  of  the  body  is  situated,  and 

a)  a  high-frequency  electromagnetic  pulse  is  generated  in  order  to  cause  a  precessionai  motion  of  the 
magnetization  of  nuclei  in  the  body,  thus  generating  a  resonance  signal, 

b)  after  which,  after  a  preparation  period,  a  number  of  signal  samples  is  periodically  extracted  from  the 
resonance  FID  signal  during  a  measurement  period  which  is  divided  into  a  number  of  sampling  intervals, 

c)  after  which,  each  time  after  a  waiting  period,  the  steps  a)  and  b)  are  repeated  a  number  of  times  in 
o  order  to  obtain  a  group  of  signal  samples  wherefrom  an  image  of  the  distribution  of  the  induced  nuclear 

magnetization  is  determined, 
d)  a  magnetic  gradient  being  applied  during  the  preparation  period  or  during  the  measurement  period, 

characterized  in  that,  after  the  extraction  of  the  resonance  sampling  signal,  a  high-frequency  180°  pulse  (P3) 
is  generated  in  order  to  generate  a  nuclear  spin  echo  signal  (F3)  and  the  phase  shift  exerted  on  the  nuclear 

5  magnetization  by  magnetic  field  inhomogeneities  is  cancelled,  after  which  a  further  high-frequency 
excitation  pulse  (P4)  is  generated  during  the  nuclear  spin  echo  signal  (F3). 

2.  A  method  as  claimed  in  Claim  1,  characterized  in  that  the  further  high-frequency  excitation  pulse  is 
generated  during  the  occurrence  of  the  maximum  value  of  the  nuclear  spin  echo  signal. 

3.  A  method  as  claimed  in  Claim  2,  characterized  in  that  the  phase  of  the  further  high-frequency 
w  excitation  pulse  leads  the  resultant  phase  of  the  nuclear  magnetization  by  90°  at  the  instant  of  echo. 

4.  A  method  as  claimed  in  Claim  2,  characterized  in  that  the  phase  of  the  further  high-frequency 
excitation  pulse  lags  the  resultant  phase  of  the  nuclear  magnetization  by  90°  at  the  instant  of  echo. 

5.  A  method  as  claimed  in  Claim  3  or  4,  characterized  in  that  the  further  high-frequency  excitation  pulse 
is  a  90°  selective  excitation  pulse. 

25  6.  A  method  as  claimed  in  claim  1,  wherein  in  a  cycle  high  frequent  pulses  and  gradient  magnetic  fields 
are  applied  and  after  the  further  high-frequency  excitation  pulse,  after  a  period  of  time  (T),  a  similar  cycle  of 
high-frequency  pulses  and  associated  gradient  magnetic  fields  is  completed,  at  least  one  pulse  interval 
during  the  first  cycle  being  different  from  a  corresponding  pulse  interval  during  the  second  cycle. 

7.  A  method  as  claimed  in  any  one  of  the  Claims  1  to  6,  wherein  either  a  first  or  a  first  and  a  second 
30  gradient  magnetic  field  are  applied  during  the  preparation  period,  the  gradient  directions  thereof  being 

mutually  perpendicular,  during  the  measurement  period  a  further  gradient  field  being  applied  whose 
gradient  direction  extends  perpendicularly  to  the  gradient  direction  of  a  gradient  field  present  during  the 
preparation  period,  the  integral  over  the  intensity  of  at  least  one  gradient  field  during  the  preparation 
period  each  time  having  a  different  value  when  the  steps  a)  and  b)  are  repeated,  a  nuclear  spin  density 

35  distribution  being  derived  from  the  group  of  signal  samples  after  Fourier  transformation  thereof. 
8.  A  method  as  claimed  in  any  one  of  the  Claims  1  to  6,  wherein  during  the  preparation  period  at  least 

one  gradient  magnetic  field  is  applied  whose  integral  over  the  intensity  during  the  preparation  period  each 
time  has  a  different  value  during  the  repetition  of  the  steps  a)  and  b),  location-dependent  nuclear  spin 
resonance  spectra  being  derived  from  the  group  of  signal  samples  after  Fourier  transformation  thereof. 

40  9.  A  method  as  claimed  in  Claim  8,  wherein  after  the  generating  of  the  first  high-frequency 
electromagnetic  pulse  a  dephasing  period  is  included  before  a  gradient  magnetic  field  is  applied,  the 
dephasing  period  each  time  having  a  different  value  during  the  repetition  of  the  steps  a)  and  b). 

10.  A  method  as  claimed  in  Claim  8,  wherein  for  the  generating  of  the  first  high-frequency 
electromagnetic  pulse  a  selective  gradient  magnetic  field  is  applied  and  either  two  or  three  gradient 

45  magnetic  fields  are  applied  during  the  preparation  period,  the  gradient  directions  thereof  being  mutually 
perpendicular  and,  either  by  means  of  a  three-dimensional  or  a  four-dimensional  Fourier  transformation, 
location-dependent  nuclear  resonance  spectra  are  obtained  either  in  a  slice  or  in  a  volume  of  a  body. 

11.  A  device  for  determining  the  nuclear  magnetization  distribution  in  a  region  of  a  body,  comprising 
a)  means  for  generating  a  steady  homogeneous  magnetic  field, 

so  b)  means  for  generating  high-frequency  electromagnetic  radiation, 
c)  means  for  generating  a  gradient  magnetic  field, 
d)  sampling  means  for  sampling  a  resonance  signal  generated  by  the  means  specified  sub  a)  and  b), 
e)  processing  means  for  processing  the  signals  provided  by  the  sampling  means  in  order  to  form  a 

nuclear  magnetization  distribution,  and 
55  f)  control  means  for  controlling  at  least  the  means  specified  sub  b)  to  e)  for  generating,  conditioning, 

sampling  and  processing  a  number  of  resonance  signals, 
characterized  in  that  the  control  means  comprise  preprogrammed  computer  means  for  generating  and 
supplying  control  signals  to  the  means  for  generating  high-frequency  electromagnetic  radiation,  said 
control  signals  being  capable  of  generating  an  adjustable  pulse  sequence  of  90°  and  180°  excitation  pulses, 

so  of  which  a  180°  excitation  pulse  is  generated  after  termination  of  sampling  signals  and  of  which  a  90° 
excitation  pulse  is  generated  during  a  subsequent  spin  echo  signal. 

Patentanspruche 

S5  1.  Verfahren  zur  Bestimmung  einer  Kernspinresonanz-Magnetverteilung  in  einem  Bereich  eines 

14 



iP  0  128  622  B l  

lorpers,  in  dem  ein  statisches,  homogenes  Magnetfelds  erzeugt  wird,  in  aem  sicn  aer  eereicn  aes  rxorpers, 
lefindet,  und 

a)  ein  Hochfrequenzelektromagnetimpuls  dazu  erzeugt  wird,  eine  Prazessionsbewegung  der 
/lagnetisierung  von  Kernen  in  Korper  auszulosen,  wodurch  ein  Resonanzsignal  erzeugt  wird, 

b)  wo  nach  einer  Vorbereitungszeit  eine  Anzahl  von  Signalproben  periodisch  aus  dem  Resonanz  FID- 
>ignal  in  einem  Messinterval  abgeleitet  wird,  das  in  eine  Anzahl  von  Abtastintervallen  unterteilt  wird, 

c)  wonach  jeweils  nach  einer  Wartezeit  die  Schritte  a)  und  b)  einige  Male  wiederholt  werden,  urn  eine 
Jruppe  von  Signalproben  zu  erhalten,  aus  der  ein  Verteilungsbild  der  induzierten  Kernmagnetisierung 
lestimmt  wird, 

d)  ein  Magnetgradient  wahrend  der  Vorbereitungszeit  oder  wahrend  des  Messintervals  angelegt  wird, 
ladurch  gekennzeichnet,  dass  nach  dem  Abtasten  des  Resonanzabtastsignals  ein  Hochfrequenz-180°- 
mpuls  (P3)  erzeugt  wird  urn  ein  Kernspinechosignal  (F3)  zu  erzeugen  und  die  durch  Magnetfeldinhomo- 
jenitaten  auf  die  Kernmagnetisierung  ausgeubte  Phasenverschiebung  beseitigt  wird,  wonach  ein  weiterer 
Hochfrequenzanregungsimpuls  (P„)  wahrend  des  Kernspinechosignals  (F3)  erzeugt  wird. 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  dass  der  weitere  Hochfrequenzanregungs- 
mpuls  beim  Erscheinen  des  Maximalwerts  des  Kernspinechosignals  erzeugt  wird. 

3.  Verfahren  nach  Anspruch  2,  dadurch  gekennzeichnet,  dass  die  Phase  des  weitern  Hochfrequenz- 
inregungsimpulses  der  resultierenden  Phase  der  Kernmagnetisierung  zum  Zeitpunkt  des  Echos  urn  90° 
foreilt. 

4.  Verfahren  nach  Anspruch  2,  dadurch  gekennzeichnet,  dass  die  Phase  des  weiteren  Hochfrequenz- 
ingregungsimpulses  der  resultierenden  Phase  der  Kernmagnetisierung  zum  Zeitpunkt  des  Echos  urn  90° 
lacheilt. 

5.  Verfahren  nach  Anspruch  3  oder  4,  dadurch  gekennzeichnet,  dass  der  weitere  Hochfrequenz- 
jnregungsimpuls  ein  selektiver  90°-Anregungsimpuls  ist. 

6.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  dass  in  einem  Zyklus  Hochfrequenzimpulse 
jnd  Gradientenmagnetfelder  angelegt  werden,  und  nach  dem  weiteren  Hochfrequenzanregungsimpuls 
nach  einer  Zeit  (T)  ein  gleicher  Zyklus  von  Hochfrequenzimpulsen  und  zugeordneten  Gradientenmagnet- 
:eldern  vervollstandigt  wird,  wobei  wenigstens  ein  Impulsinterval  im  ersten  Zyklus  sich  von  einem 
sntsprechenden  Impulsinterval  im  zweiten  Zyklus  unterscheidet. 

7.  Verfahren  nach  einem  oder  mehreren  der  Anspruche  1  bis  6,  dadurch  gekennzeichnet,  dass 
sntweder  ein  erstes  oder  ein  erstes  und  ein  zweites  Gradientenmagnetfeld  in  der  Vorbereitungszeit 
angelegt  werden,  wobei  die  Gradientenrichtungen  senkrecht  zueinander  verlaufen,  wobei  in  der  Messzeit 
3in  weiteres  Gradientenfeld  angelegt  wird,  dessen  Gradientenrichtung  sich  senkrecht  zur  Gradienten- 
richtung  eines  in  der  Vorbereitungszeit  vorhandenen  Gradientenfelds  erstreckt,  wobei  das  Intergral  iiber 
die  Intensitat  wenigstens  eines  Gradientenfeldes  in  der  Vorbereitungszeit  jedesmal  einen  anderen  Wert 
hat,  wenn  die  Schritte  a)  und  b)  wiederholt  werden,  wobei  eine  Kernspindichteverteilung  aus  der  Gruppe 
yon  Signalproben  nach  ihrer  Fourier-Transformation  abgeleitet  wird. 

8.  Verfahren  nach  einem  oder  mehreren  der  Anspruche  1  bis  6,  dadurch  gekennzeichnet,  dass  in  der 
vorbereitungszeit  wenigstens  ein  Gradientenmagnetfeld  angelegt  wird,  dessen  Integral  iiber  die  Intensitat 
in  der  Vorbereitungszeit  wahrend  der  Wiederholung  der  Schritte  a)  und  b)  jedesmal  einen  anderen  Wert 
hat,  wobei  stellenabhangige  Kernspinresonanzspektren  aus  der  Gruppe  von  Signalproben  nach  ihrer 
Fourier-Transformation  abgeleitet  werden. 

9.  Verfahren  nach  Anspruch  8,  dadurch  gekennzeichnet,  dass  nach  der  Erzeugung  des  ersten  Hoch- 
frequenzelektromagnetimpulses  eine  Entphasierungszeit  vor  dem  Anlegen  eines  Gradientenmagnetfeldes 
angelegt  wird,  wobei  die  Entphasierungszeit  wahrend  der  Wiederholung  der  Schritte  a)  und  b)  jedesmal 
einen  anderen  Wert  hat. 

10.  Verfahren  nach  Anspruch  8,  dadurch  gekennzeichnet,  dass  zum  Erzeugen  des  ersten  Hochfrequenz- 
elektromagnetimpulses  ein  selektives  Gradientenmagnetfeld  angelegt  wird,  und  entweder  zwei  oder  drei 
Gradientenmagnetfelder  in  der  Vorbereitungszeit  angelegt  werden,  und  deren  Gradientenrichtungen 
senkrecht  zu  einander  verlaufen  und  entweder  mittels  einer  dreidimensionalen  oder  einer  vier- 
dimensionalen  Fourier-Transformation  stellenabhangige  Kernresonanzspektren  entweder  in  einer  Scheibe 
oder  in  einem  Volumen  eines  Korpers  erhalten  werden. 

11.  Anordnung  zur  Bestimmung  der  Kernspinmagnetisierungverteilung  in  einem  Bereich  eines 
Korpers,  mit 

a)  Mittein  zum  Erzeugen  eines  statischen  homogenen  Magnetfelds, 
b)  Mittein  zum  Erzeugen  einer  Hochfrequenzelektromagnetstrahlung, 
c)  Mittein  zum  Erzeugen  eines  Gradientenmagnetfelds, 
d)  Abtastmitteln  zum  Abtasten  eines  von  den  Mittein  unter  a)  und  b)  erzeugten  Resonanzsignals, 
e)  Verarbeitungsmitteln  zum  Verarbeiten  der  von  den  Abtastmitteln  gelieferten  Signale,  urn  eine  Kern- 

magnetisierungsverteilung  zu  bilden,  und 
f)  Steuermitteln  zum  Steuern  wenigstens  der  unter  b)  und  e)  zum  Erzeugen,  Vorbereiten,  Abtasten  und 

Verarbeiten  einer  Anzahl  von  Resonanzsignalen  erwahnten  Mittel, 
dadurch  gekennzeichnet,  dass  die  Steuermittel  vorprogrammierte  Rechnermittel  zum  Erzeugen  und  Liefern 
von  Steuersignalen  zu  den  Mittein  zum  Erzeugen  von  Hochfrequenzmagnetstrahlung  enthalten,  wobei  die 
Steuersignale  eine  einstellbare  Impulsfolge  von  90°-  und  180°-Anregungsimpulsen  erzeugen  kann,  von 
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denen  ein  180°-Anregungsimpuls  nach  Abiauf  der  Abtastsignale  und  ein  90°-Anregungsimpuls  wahrend 
eines  folgenden  Spinechosignals  erzeugt  werden. 

Revendications 
5 

1.  Precede  pour  determiner  la  distribution  de  la  magnetisation  nucleaire  dans  une  region  d'un  corps, 
suivant  lequel  il  est  engendre  un  champ  magnetique  homogene  constant  dans  lequel  est  situee  la  region 
du  corps,  et 

a)  une  impulsion  electromagnetique  de  haute  frequence  est  engendree  pour  provoquer  un  mouve- 
'0  ment  de  precession  de  la  magnetisation  des  noyaux  dans  le  corps,  produisant  ainsi  un  signal  de 

resonance; 
b)  apres  quoi,  apres  une  periode  de  preparation,  un  certain  nombre  d'echantillons  du  signal  sont 

periodiquement  extraits  du  signal  DIC  de  resonance  pendant  une  periode  de  mesure  qui  est  divisee  en  un 
certain  nombre  d'intervalles  d'echantillonnage; 

15  c)  apres  quoi,  chaque  fois  apres  une  periode  d'attente,  les  stades  a)  et  b)  sont  repetes  un  certain 
nombre  de  fois  pour  obtenir  un  groupe  d'echantillons  de  signaux  a  partir  desquels  une  image  de  la 
distribution  de  la  magnetisation  nucleaire  induite  est  determinee; 

d)  un  champ  magnetique  de  gradient  etant  applique  pendant  la  periode  de  preparation  ou  pendant  la 
periode  de  mesure, 

20  caracterise  en  ce  qu'apres  I'extraction  de  I'echantillon  du  signal  de  resonance,  une  impulsion  de  haute 
frequence  a  180°  (P3)  est  engendree  pour  produire  un  signal  d'echo  des  spins  nucleaires  (F3)  et  le  decalage 
de  phase  exerce  sur  la  magnetisation  nucleaire  par  les  inhomogeneites  du  champ  magnetique  est  annuie, 
apres  quoi  une  nouvelle  impulsion  d'excitation  de  haute  frequence  (P4)  est  engendree  pendant  le  signal 
d'echo  des  spins  nucleaires  (F3). 

25  2.  Procede  suivant  la  revendication  1  ,  caracterise  en  ce  que  I'impulsion  d'excitation  de  haute  frequence 
supplementaire  est  engendree  pendant  I'apparition  de  la  valeur  maximum  du  signal  d'echo  des  spins 
nucleaires. 

3.  Procede  suivant  la  revendication  2,  caracterise  en  ce  que  la  phase  de  I'impulsion  d'excitation  de 
haute  frequence  supplementaire  precede  la  phase  resultante  de  la  magnetisation  nucleaire  de  90°  a 

30  I'instant  de  I'echo. 
4.  Procede  suivant  la  revendication  2,  caracterise  en  ce  que  la  phase  de  I'impulsion  d'excitation  de 

haute  frequence  supplementaire  suit  la  phase  resultante  de  la  magnetisation  nucleaire  de  90°  a  I'instant  de 
I'echo. 

5.  Procede  suivant  la  revendication  3  ou  4,  caracterise  en  ce  que  I'impulsion  d'excitation  de  haute 
35  frequence  supplementaire  est  une  impulsion  d'excitation  selective  a  90°. 

6.  Procede  suivant  la  revendication  1,  caracterise  en  ce  que  des  impulsions  de  haute  frequence  et  des 
champs  magnetiques  de  gradient  sont  appliques  au  cours  d'un  cycle  et  apres  I'impulsion  d'excitation  de 
haute  frequence  supplementaire,  apres  une  periode  de  temps  (T),  un  cycle  similaire  d'impulsions  de  haute 
frequence  avec  des  champs  magnetiques  de  gradient  associes  est  acheve,  au  moins  un  intervalle  entre 

to  impulsions  pendant  le  premier  cycle  etant  different  d'un  second  intervalle  entre  impulsions  pendant  le 
second  cycle. 

7.  Procede  suivant  I'une  quelconque  des  revendications  1  a  6,  dans  lequel  soit  un  premier,  soit  un 
premier  et  un  second  champ  magnetique  sont  appliques  pendant  la  periode  de  preparation,  dont  les 
directions  de  gradient  sont  mutuellement  perpendiculaires,  un  champ  de  gradient  supplementaire  etant 

45  applique  pendant  la  periode  de  mesure,  dont  la  direction  de  gradient  s'etend  perpendiculairement  a  la 
direction  de  gradient  d'un  champ  de  gradient  present  pendant  la  periode  de  preparation,  I'integrale  de 
I'intensite  d'au  moins  un  champ  de  gradient  pendant  la  periode  de  preparation  ayant  a  chaque  reprise  une 
valeur  differente  lorsque  les  stades  a)  et  b)  sont  repetes,  une  distribution  de  la  densite  des  spins  nucleaires 
etant  derivee  du  groupe  d'echantillons  de  signaux  apres  une  transformation  de  Fourier  de  celui-ci. 

so  8.  Procede  suivant  I'une  quelconque  des  revendications  1  a  6,  dans  lequel,  pendant  la  periode  de 
preparation,  au  moins  un  champ  magnetique  de  gradient  est  applique,  dont  I'integrale  de  I'intensite 
pendant  la  periode  de  preparation  a,  a  chaque  reprise,  une  valeur  differente  pendant  la  repetition  des 
stades  a)  et  b),  les  spectres  de  resonance  des  spins  nucleaires  dependant  de  I'endroit  etant  derives  du 
groupe  d'echantillons  de  signaux  apres  transformation  de  Fourier  de  celui-ci. 

55  9.  Procede  suivant  la  revendication  8,  dans  lequel  apres  la  generation  de  la  premiere  impulsion  electro- 
magnetique  de  haute  frequence,  une  periode  de  dephasage  est  incluse  avant  I'application  d'un  champ 
magnetique  de  gradient,  la  periode  de  dephasage  ayant  a  chaque  reprise  une  valeur  differente  pendant  la 
repetition  des  stades  a)  et  b). 

10.  Procede  suivant  la  revendication  8,  dans  lequel  pour  la  generation  de  la  premiere  impulsion  electro- 
so  magnetique  de  haute  frequence,  un  champ  magnetique  de  gradient  selectif  est  applique  et  soit  deux,  soit 

trois  champs  magnetiques  de  gradient  sont  appliques  pendant  la  periode  de  preparation,  dont  les 
directions  de  gradient  sont  mutuellement  perpendiculaires  et  a  I'aide  d'une  transformation  de  Fourier  tri- 
dimensionnelle,  ou  quadridimensionnelle,  les  spectres  de  resonance  nucleaires  dependant  de  I'endroit 
sont  obtenus  dans  une  tranche  ou  dans  un  volume  d'un  corps. 
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11.  Appareil  pour  determiner  la  distnoution  ae  ia  magnetisation  huoicomc  ua..=>  ,=M.~..  ~ 
comprenant: 

a)  un  moyen  pour  engendrer  un  champ  magnetique  homogene  constant; 
b)  un  moyen  pour  engendrer  un  rayonnement  electromagnetique  de  haute  frequence; 
c)  un  moyen  pour  engendrer  un  champ  magnetique  de  gradient; 
d)  un  moyen  d'echantillonnage  pour  echantillonner  un  signal  de  resonance  produit  par  les  moyens 

specifies  sous  a)  et  b);  , . .  
e)  un  moyen  de  traitement  pourtraiter  les  signaux  procures  par  les  moyens  d  echantillonnage  afm  de 

former  une  distribution  de  la  magnetisation  nucleaire,  et   ̂
f)  un  moyen  de  commande  pour  commander  au  moins  les  moyens  specifies  sous  b)  a  e)  pour 

engendrer,  conditionner,  echantillonner  et  traiter  plusieurs  signaux  de  resonance, 
caracterise  en  ce  que  les  moyens  de  commande  comprennent  un  moyen  de  calcul  preprogramme  pour 
engendrer  etfournir  des  signaux  de  commande  au  moyen  engendrant  un  rayonnement  electromagnetique 
de  haute  frequence,  cette  commande  etant  capable  d'engendrer  une  sequence  d'impulsions  ajustable 

;  d'impulsions  d'excitation  a  90°  et  180°,  parmi  lesquelles  une  impulsion  d'excitation  a  180°  est  engendree 

apres  la  fin  des  signaux  d'echantillonnage  et  parmi  lesquelles  une  impulsion  d'excitation  a  90  est 

engendree  pendant  le  signal  d'echo  des  spins  suivant. 
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