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Description 

This  invention  relates  to  nuclear  magnetic  resonance  diagnostic  apparatus  to  display  as  an  image  the 
distribution  of  the  spin  density  or  relaxation  time  of  specified  atomic  nuclei  existing  in  an  object  utilizing 

5  nuclear  magnetic  resonance  (NMR)  phenomena,  more  particularly  to  reception  signal  processing 
apparatus  to  process  the  received  NMR  signals  at  the  preliminary  stage  of  image  formation. 

Background  of  the  invention 
Nuclear  magnetic  resonance  diagnostic  apparatus  developed  recently  are  constructed  to  phase- 

10  demodulate  the  detected  NMR  signals  with  two  reference  waves  having  a  90°  phase  difference  for  using 
their  frequency  and  phase  information  for  image  reconstruction. 

Two  kinds  of  NMR  signals  F'c(t)  and  F's(t)  obtained  by  modulation  have  relationships,  which  are 
represented  by  the  first  and  second  formulas,  respectively,  with  the  frequency  spectrum  p(w)  which  reflects 
the  spin  density  or  relaxation  time  of  the  atomic  nuclei. 

15 
/*  CO 

F'c(t)=\.  p(w)  cos  (wt+A9)dw  (1) 
J  —00 

20  '  ,"oo 
F's(t)=  I  p(w)  sin  (wt+A9)dw  (2) 

where  p(w)  is  the  frequency  spectrum  of  a  reception  signal  (which  corresponds  to  the  spin  density  and 
25  relaxation  time  of  an  atomic  nucleus); 

w  is  angular  frequency 
t  is  time;  and 
AO  is  the  phase  difference  between  a  reference  wave  and  reception  signal  at  a  demodulation  time. 
However,  if  the  two  signals  of  the  formulas  above  are  Fourier  transformed,  for  example,  p(w)  as  shown 

30  in  Figure  1(d)  appears  as  F'c(t)  and  F's(t)  shown  in  Figures  1(b)  and  (c)  respectively.  It  is  impossible  to 
obtain  p(w)  as  shown  in  Figure  1  (a)  necessary  to  form  an  image.  This  is  why  the  phase  difference  A0  exists 
in  the  first  and  second  formulas  because  both  phases  of  the  reference  wave  and  the  NMR  signals  are 
necessarily  not  in  coincidence  at  the  demodulation  time. 

Consequently,  in  the  conventional  NMR  apparatus,  its  operator  has  to  manually  adjust  the  phase 
35  relation  between  the  reference  wave  and  the  NMR  signal  at  the  demodulation  time  to  be  coincident  with 

each  other,  while  observing  the  frequency  spectrum  after  Fourier  transformation.  However,  with  such  a 
manual  adjustment,  individual  differences  appear  in  the  result  and  it  takes  an  extremely  long  time  for  the 
adjustment. 

Japanese  Patent  Publication  No.  JP  —  A  —  56-14146  describes  a  reception  signal  processing  apparatus 
40  in  nuclear  magnetic  resonance  diagnostic  apparatus  to  display  as  an  image  the  distribution  of  the  spin 

density  or  relaxation  time  of  specified  atomic  nuclei  existing  in  an  object  utilising  nuclear  magnetic 
resonance  phenomena,  the  reception  signal  processing  apparatus  comprising: 

means  (8,  9)  for  phase  demodulating  a  nuclear  magnetic  resonance  signal  evoked  by  nuclear  magnetic 
resonance  phenomena  in  accordance  with  two  reference  waves  the  phase  (0°,  90°)  of  which  are  different 

45  from  one  another  by  90°; 
means  (11,12)  for  digitalizing  the  separated  two  signals  obtained  by  said  phase  demodulating  means 

(8,  9);  and 
phase  correction  processing  means  (13,  14)  for  automatically  correcting  the  phase  difference  between 

the  reference  waves  and  nuclear  magnetic  resonance  signal  for  producing  a  frqeuency  spectrum  by 
so  processing  said  digitalized  signals. 

It  is  an  object  of  this  invention  to  provide  improved  reception  signal  processing  apparatus  in  nuclear 
magnetic  resonance  (NMR)  diagnostic  apparatus  to  correct  automatically  the  influence  due  to  the  phase 
difference  between  the  reference  waves  and  the  NMR  signal  when  phase  demodulating  an  NMR  signal  in 
accordance  with  two  reference  waves  which  have  the  same  resonance  frequency  as  the  resonance  signal 

55  and  are  different  from  one  another  by  a  90°  phase  shift. 
Accordingly  the  present  invention  provides  reception  signal  processing  apparatus  in  nuclear  magnetic 

resonance  diagnostic  apparatus  to  display  as  an  image  the  distribution  of  the  spin  density  or  relaxation 
time  of  specified  atomic  nuclei  existing  in  an  object  utilizing  nuclear  magnetic  resonance  phenomena,  the 
reception  signal  processing  apparatus  comprising: 

eo  means  for  phase  demodulating  a  nuclear  magnetic  resonance  signal  evoked  by  nuclear  magnetic 
resonance  phenomena  in  accordance  with  two  reference  waves  the  phases  of  which  are  different  from  one 
another  by  90°; 

means  for  digitalizing  the  separated  two  signals  Fc'(t)  and  Fs'(t)  obtained  by  said  phase  demodulating 
means  whereby  t  is  time;  and 

65  phase  correction  processing  means  for  automatically  correcting  the  phase  difference  between  the 

2 
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eference  waves  and  nuclear  magnetic  resonance  signal  for  producing  a  frequency  spectrum  by  processing 
>aid  digitalized  signals, 

characterised  in  that  said  phase  correction  processing  means  comprises: 
means  for  determining  the  value  tmax  of  the  time  t  when  the  function  [Fc'(t)]2+[Fs'(t)]  reaches  a 

naximum  value; 
and  means  for  calculating  the  phase  correction  angle  as 

Fs'(tmax) 
A9=tan-1  [  ] 

jo  Fc  (tmax) 

Figure  1(a)  is  a  wave  form  chart  illustrating  the  frequency  spectrum  of  an  NMR  signal; 
Figures  Kb)  and  (c)  are  wave  form  charts  illustrating  two  kinds  of  frequency  spectra  as  observed  at  the 

time  when  the  reference  wave  and  NMR  signal  are  different  in  phase  from  each  other  at  the  demodulation 
15  time; 

Fig.  1(d)  is  a  waveform  chart  illustrating  the  frequency  spectrum  obtained  by  Fourier  transformation  of 
the  two  kinds  of  NMR  signals; 

Fig.  2  is  a  graphical  representation  illustrating  a  relationship  between  the  magnetization  victor  and  the 
two  kinds  of  NMR  signals; 

20  Fig.  3  is  a  schematic  block  diagram  illustrating  the  construction  of  an  embodiment  of  this  invention; 

Figs.  4  to  6  are  flow  charts  illustrating  the  different  methods  of  phase  correction  which  can  be  carried 
out  by  the  apparatus  according  to  the  invention. 

25  Description  of  the  preferred  embodiment 
NMR  signals  observed  in  fact  are  represented  by  the  first  and  second  formulas  as  described  above. 

Developing  the  first  and  second  formulas,  they  are  as  follows: 

-00 
30  F'c(t)=  1  p(w)(cos  wt  cos  A9-sin  wt  sin  A9)dw 

J-co 

=cos  A0Fc(t)-sin  A0Fs(t)  (D 

35  i"00 
F's(t)=  \  p(w)(sin  wt  cos  A9+cos  wt  sin  A0)dw 

J  —00 

=cos  A0Fs(t)+sin  A0Fc(t)  (2) 
40  Here, 

/»00 
Fc(t)=  i  p(w)  cos  wt  dw  (3) 

35 

40  Here, 

J -  

/-CO 

J  -oc 

45  [ 
Fs(t)=  I  p(w)  sin  wt  dw  (4) 

J  -00 

In  order  to  reduce  the  distortion  of  the  frequency  spectrum  piwj  aue  to  tne  pnase  arrrerence  zao 
so  between  the  NMR  signal  and  the  reference  wave,  the  value  of  phase  reference  A0  must  be  known. 

There  are  two  kinds  of  methods  for  finding  the  value  of  the  phase  difference. 
In  accordance  with  the  first  method,  F'c(t)2+F's(t)2  represents  a  value  which  is  proportional  to  the 

magnitude  of  magnetization  which  induces  an  NMR  signal.  Here,  the  following  formulas  (5)  and  (6)  are 
obtained  from  the  formulas  (V)  and  (2'),  respectively: 

55 

60  Therefore, 

65 

Fc'(t)z=cos':  A9Fc(tr+sin'  A9Fs(t)  -cos  Aosm  Abrcrtji-sw  io; 

Fs'(t)2=cos2  A9Fc(t)2+sin2  A9Fs(t)2+cos  A0sin  A0Fc(t)Fs(t)  (6) 

Fc'(t)2+Fs'(t)2=(cos2A9+sin2  A9)Fc(t)2 

+(cos2  A9+sin2  AG)Fs(t)2 

=Fc(t)2+Fs(t)2  (7) 
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Accordingly,  Fc'(t)2+Fs'(t)2  and  Fc(t)2+Fs(t)2  are  equivalent. 
At  time  t=0  the  formulas  (3)  and  (4)  are: 

'  00 /*  00 
5  Fc(0)=\-  p(w)dw  (8) 

J  —00 

Fs(0)=0  0) 
Therefore, 

10  Fc(0)2+Fs(0)2=p(w)2  (10) 

Consequently,  Fc(t)2+Fs(t)2  and  Fc'(t)2+Fs'(t)2  are  maximum  at  t=0,  Fc'(t)  and  Fs'(t)  at  that  time  are 
respectively: 

15  fpao 
Fc'(0)=cos  A9  p(w)dw  (11) 

(*/*00 
Fc'(0)=cos  AeJ 

J   
00 

J   
CO 

p(w)dw=the  magnitud 
-00 

'/•CO 
20  Fs'(0)=sin  A9  p(w)dw  (12) 

also, 
/*  CO 
I  p(w)dw=the  magnitude  of  magnetization  (13) 

25  J  -co 

There  is  diagramatically  illustrated  in  Fig.  2  the  relationship  among  the  above  formulas  (11),  (12)  and 
(13). 

Consequently,  the  phase  difference  A9  can  be  found  in  accordance  with  the  following  formula  (14)  on 
30  the  basis  of  Fc'(t)  and  Fs'(t): 

Fs'(t  max) 
A9=tan"1  [  ]  (.14) 

Fc  (t  max) 
35 

where  t  max  is  the  time  when  F'c(t)2+Fs'(t)2  is  maximum. 
In  accordance  with  the  second  method  resolving  the  aforementioned  formulas  (V)  and  (2')  for  Fc(t)  and 

Fs(t): 

40  Fc(t)=cos  AG  Fc'(t)+sin  A9  Fs'(t)  (15) 

Fs(t)=-sin  A9  Fc'(t)+cos  A9  Fs'(t)  (16) 

Representing  Fc(t)  and  Fs(t)  in  imaginary  space  coordinates,  they  are: 
45 

Fc(t)+j  Fs(t)=[Fc'(t)+j  Fs'(t)]  exp  (-j  A9)  (17) 

where  i  is  an  imaginary  number  unit 
Here,  if  assuming  F(t)=Fc(t)+j  Fs(t)  and  F'(t)=Fc'(t)+j  Fs'(t),  the  formula  (17)  is: 

50 
F(t)=F'(t)  exp  (-j  A9)  (18) 

By  Fourier-transforming  the  formula  (18),  the  frequency  spectrum  p(w)  is  represented  as  follows: 

55  /"oo 
p(w)=|'  F(t)  exp  (-jwt)dw 

/•oo 
)=  '  F(t)  exp  (-jwt)d 

J  ■—  00 

Joo F'( 
—  00 

/•OO 
60  =exp  (-j  A9)  I  F'(t)  exp  (-jwt)dw 

=exp  (-j  A9)  [PR'(w)+j  Pl'(w)]  (19) 

65  where  Pr'(w)  and  Pi'(w)  represent  a  real  part  and  imaginary  part  of  the  complex  Fourier-transformation. 
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Also,  transforming  the  formula  (19),  the  following  tormuia  is  oDtamea. 

p(w)=exp  (-j  AG)  [Pr'(w)+j  Pi(w)] 

5  =Pr'(w)  cos  A9+Pi'(w)  sin  AG 

+j  [-Pr'(w)  sin  AG+Pi'(w)  cos  AG]  (20) 

Since  P(w)  is  a  real  function,  the  imaginary  part  in  the  formula  (20)  comes  to  zero.  Accordingly,  it  is 
fo  possible  to  find  AG  utilizing  -Pr'(w)  sin  A9+Pi'(w)  cos  A0=O. 

By  using  A9  found  by  one  of  the  above  methods,  the  frequency  spectrum  may  be  obtained  by 
correcting  the  phase  difference  by  the  following  three  methods. 

No.  1 
'5  First,  Fc(t)  and  Fs(t)  are  found  on  the  basis  of  using  formula  (14)  to  determine  AG  and  using  the 

observed  signals  Fc'(t)  and  Fs'(t),  and  then  applying  these  in  accordance  with  the  formulas  (15)  and  (16). 
Next,  the  frequency  spectrum  is  found  by  Fourier-transforming  that  Fc(t)  and  Fs(t). 

No.  2 
!0  The  observed  signals  Fc'(t)  and  Fs'(t)  are  Fourier  transformed  after  transformation  into  complex  space 

coordinate  system.  And  the  frequency  spectrum  is  found  by  substituting  AG  which  is  found  with  formula 
(14)  into  the  real  part  of  the  formula  (20). 

No.  3 
?5  The  observed  signals  Fc'(t)  and  Fs'(t)  are  Fourier  transformed  after  transformation  into  complex  space 

coordinate  system.  And  the  frequency  spectrum  is  found  by  substituting  AG  which  is  found  with  the 
imaginary  part  of  formula  (20)  into  the  real  part  thereof. 

One  embodiment  of  the  invention  in  which  the  aforementioned  principle  is  embodied  will  now  be 
explained  referring  to  the  Figures. 

jo  In  Fig.  3,  an  object  1  is  placed  in  the  static  magnetic  field  Ho  and  also  in  the  field  of  a  transmission  and 
reception  signal  coil  2  which  generates  a  magnetic  field  perpendicular  to  the  static  magnetic  field  Ho.  A 
tuner  3  operates  to  select  an  electromagnetic  wave  of  specified  frequency  from  the  electromagnetic  signal 
issued  from  transmission  system  4,  to  be  applied  as  an  excitation  pulse  to  coil  2,  the  frequency  being  the 
resonant  frequency  of  the  specified  atomic  nucleus  such  as  hydrogen  within  the  object  1.  Amplifier  5 

35  amplifies  the  NMR  signal  received  by  the  coil  2  to  deliver  it  to  two  phase  demodulators  6A  and  6B.  A 
reference  signal  generator  7  being  provided  with  a  phase  shifter  7A  and  a  90°  phase  converter  7B, 
generates  two  kinds  of  reference  waves,  each  having  the  same  frequency  as  the  NMR  signal  but  with 
phases  differing  from  each  other  by  90°.  The  generated  reference  waves  are  supplied  to  the  phase 
demodulators  6A  and  6B,  respectively. 

40  The  two  phase  demodulators  6A  and  6B  phase  demodulate  the  NMR  signal  with  the  reference  wave  to 
separately  generate  two  analog  signals  Fc'(t)  and  Fs'(t),  respectively.  The  separated  signals  Fc'(t)  and  Fs'(t) 
are  amplified  by  amplifiers  8A  and  8B,  the  high  frequency  component  of  the  signals  are  blocked  by  low 
pass  filters  9A  and  9B  and  the  signals  are  digitalized  by  analog-to-digital  (A/D)  converters  10A  and  10B, 
respectively.  These  digitalized  signals  Fc'(i)  and  Fs'(i)  are  applied  to  a  phase  correction  processor  11. 

45  This  phase  correction  processor  11  is  a  digital  calculation  apparatus  for  finding  the  phase  difference 
between  the  reference  wave  and  NMR  signal  to  produce  the  frequency  spectrum  without  influence  due  to 
the  phase  difference.  That  is,  the  phase  correction  processor  1  1  performs  a  calculation  in  compliance  with 
one  of  the  routines  as  shown  in  Figs.  4  to  6  for  phase  correction  in  accordance  with  one  of  the  above 
described  three  methods,  thereby  producing  projection  data  p(i)  to  an  image  processor  12. 

so  Referring  first  to  the  routine  of  Fig.  4,  Fc'  (i  max)  and  Fs'  (i  max),  at  the  time  when  Fc'(i)2+Fs'(i)2 
assumes  the  maximum  value  Max  are  found  and  inputted  to  the  phase  correction  processor  11.  Next,  sin 
AG  is  calculated  based  on  values  of  Fs'(i  max)  and  Max  while  cos  AG  is  calculated  based  on  values  of  Fc'(i 
max)  and  Max.  Fc(i)  and  Fs(i)  are  found  based  on  values  of  cos  AG,  sin  AG,  Fc'(i)  and  Fs'(i)  in  accordance 
with  the  formulas  (15)  and  (16). 

55  NFFTisthe  number  of  times  of  Fourier  transformation,  N  being  the  number  of  calculations.  It  is  thereby 
possible  to  obtain  the  data  of  Fc(1),  Fc(2)  Fc(N),  and  Fs(1),  Fs(2)  Fs(N).  Fc(i)  and  Fs(i)  are 
transformed  to  the  frequency  spectrum  p(i)  which  is  not  influenced  by  AG  after  Fourier  transformation.  The 
routine  shown  in  Fig.  4  corresponds  to  the  No.  1  method  which  has  been  described  above. 

The  routine  of  Fig.  5  corresponds  to  the  No.  2  method  above.  That  is,  sin  AG  and  cos  AG  are  found 
60  based  on  values  of  Fc'(i)  and  Fs'(i)  which  are  inputted  to  the  phase  correction  processor  11,  in  a  routine 

similar  to  that  of  Fig.  4.  Next,  Fc'(i)  and  Fs'(i)  are  Fourier  transformed  after  conversion  to  complex  space 
coordinate  system,  p(i)  is  found  in  accordance  with  the  real  part  of  formula  (20)  based  on  the  obtained 
values  of  Pr'(i),  Pi'(i),  cos  AG  and  sin  AG.  NDATA  is  the  number  of  acquisition  times  of  the  signals,  and  if 
there  are  N  calculations,  it  is  possible  to  obtain  p(1),  p(2),  ...,  p(N)  as  the  frequency  spectrum. 

65  The  routine  of  Fig.  6  corresponds  to  the  No.  3  method  described  above.  Fc'(i)  and  Fs'(i)  are'Fourier 

b 



EP  0 1 0 7   294  B1 

transformed  in  compliance  with  formulas  (18)  and  (19)  after  conversion  to  complex  space  coordinate 
system.  Sin  AG  and  cos  AG  next  are  found  by  putting  the  imaginary  part  of  the  formula  (20)  to  zero.  p(i)  is 
found  in  accordance  with  the  real  part  of  the  formula  (20)  based  on  values  of  Pr'(i)  and  Pi'(i)  as  obtained  by 
Fourier  transformation  and  the  obtained  values  of  sin  AG  and  cos  AG. 

5  The  two  signals  are  phase  corrected  by  any  one  of  the  above  described  routines  and  are  delivered  to  an 
image  processing  apparatus  12  to  perform  the  imaging  procedure  as  to  spin  density  and  relaxation  time  of 
the  specified  atomic  nucleus  such  as  hydrogen. 

According  to  the  construction  as  described  above  in  detail,  it  is  possible  to  automatically  correct  the 
influence  due  to  the  phase  difference  between  the  reference  wave  and  NMR  signal,  to  obtain  an  accurate 

w  frequency  spectrum  which  is  produced  by  demodulating  the  NMR  signal  with  two  reference  waves 
differing  from  each  other  by  90°  in  phase  and  Fourier  transforming  the  digitalized  two  signals  Fc'(i)  and 
Fs'(i)  or  two  signals  Fc(i)  and  Fs(i). 

It  will  be  apparent,  to  those  skilled  in  the  art,  that  modifications  and  variations  can  be  made  in  the 
preferred  embodiment  disclosed  herein  without  departing  from  the  scope  of  the  invention. 

15 
Claims 

1.  Reception  signal  processing  apparatus  in  nuclear  magnetic  resonance  diagnostic  apparatus  to 
display  as  an  image  the  distribution  of  the  spin  density  or  relaxation  time  of  specified  atomic  nuclei  existing 

20  in  an  object  utilizing  nuclear  magnetic  resonance  phenomena,  the  reception  signal  processing  apparatus 
comprising: 

means  (6A,  6B)  for  phase  demodulating  a  nuclear  magnetic  resonance  signal  evoked  by  nuclear 
magnetic  resonance  phenomena  in  accordance  with  two  reference  waves  the  phases  of  which  are  different 
from  one  another  by  90°; 

25  means  (10A,  10B)  for  digitalizing  the  separated  two  signals  Fc'(t)  and  Fs'(t)  obtained  by  said  phase 
demodulating  means  (6A,  6B),  whereby  t  is  time;  and 

phase  correction  processing  means  (1  1  )  for  automatically  correcting  the  phase  difference  (AG)  between 
the  reference  waves  and  the  nuclear  magnetic  resonance  signal,  for  producing  a  frequency  spectrum  by 
processing  said  digitalized  signals, 

30  characterised  in  that  said  phase  correction  processing  means  (11)  comprises: 
means  for  determining  the  value  tmax  of  the  time  t  when  the  function  [Fc'(t)]2+[Fs'(t)]2  reaches  a 

maximum  value;  and 
means  for  calculating  the  phase  correction  angle  as 

35  Fs'(tmax) 
AG=tan"1  [  ]. 

Fc'(tmax) 

2.  The  reception  signal  processing  apparatus  in  nuclear  magnetic  resonance  diagnostic  apparatus  of 
40  claim  1  wherein  said  phase  correction  processing  means  (11)  is  a  digital  operation  apparatus  which 

performs  phase  correction  procedure  on  said  digitalized  demodulation  signals  and  then  Fourier  transforms 
said  signals. 

Patentanspriiche 
45 

1.  Gerat  zur  Verarbeitung  von  Empfangssignalen  in  einem  mittels  magnetischer  Kernresonanz 
arbeitenden  Diagnostikapparat  zur  Bildwiedergabe  der  Verteilung  der  Spinndichte  oder  der  Relaxationszeit 
spezifischer  Atomkerne  in  einem  Objekt,  indem  magnetische  Kernresonanzphanomene  genutzt  werden, 
wobei  das  Gerat  zur  Verarbeitung  von  Empfangssignalen 

so  Mittel  (6A,  6B)  zur  Phasendemodulierung  eines  magnetischen  Kernresonanzsignals  aufweist,  das 
durch  magnetische  Kernresonanz  hervorgerufen  wurde  zufolge  zweier  Referenzwellen,  deren  Phasen  sich 
um  90°  voneinander  unterscheiden, 

Mittel  (10A,  10B)  zur  Digitalisierung  der  zwei  getrennten,  durch  die  Mittel  zur  Phasendemodulierung 
erhaltenen  Signale  (Fc'(t)  und  Fs'(t),  worin  t  die  Zeit  bedeutet,  und 

55  Verarbeitungsmittel  (1  1  )  zur  Phasenkorrektur  zum  automatischen  Korrigieren  der  Phasendifferenz  (AG) 
zwischen  den  Referenzwellen  und  den  magnetischen  Kernresonanzsignalen  zur  Erzeugung  eines 
Frequenzspektrums  durch  Verarbeitung  der  digitalisierten  Signale, 

dadurch  gekennzeichnet,  dalS  die  Verarbeitungsmittel  (11)  zur  Phasenkorrektur 
Mittel  zur  Bestimmung  des  Wertes  tmax  der  Zeit  t  aufweist,  wenn  die  Funktion  [Fc'(t)]2+[Fs'(t)]2  einen 

60  Maximalwert  erreicht  und 
Mittel  zur  Berechnung  des  Phasenkorrekturwinkels  als 

Fs'(tmax) 
AG=tan-1  [  ]. 

65  Fc'(tmax) 

6 



;P  0  1U7  Z»4  D l  

2.  Gerat  zur  Verarbeitung  von  tmptangssignaien  in  einem  mmeis  nidaiitjuau.ci  ivbmm  caiman*, 
rbeitenden  Diagnostikapparat  nach  Anspruch  1,  bei  dem  die  Verarbeitungsmittel  (11)  zur  Phasenkorrektur 
in  digitales  Verarbeitungsgerat  sind,  das  die  digitalisierten  Demodulationssignale  einer  Phasenkorrektur- 
erarbeitung  und  dann  einer  Fouriertransformation  unterwirft. 

evendications 

1.  Appareil  pour  traiter  des  signaux  de  reception  dans  une  installation  de  diagnostic  par  resonance 
lagnetique  nucleaire  afin  de  visualier  la  distribution  de  la  densite  de  spin  ou  de  la  periode  de  relaxation 
'un  sujet  en  utilisant  le  phenomene  de  la  resonance  magnetique  nucleaire  (RMN),  ledit  appareil 
omprenant:  ,  . 

des  moyens  (6A,  6B)  pour  la  demodulation  de  phase  d'un  signal  de  resonance  magnetique  nucleaire 
roduit  par  un  phenomene  de  resonance  magnetique  nucleaire  en  fonction  de  deux  ondes  de  reference 
ont  les  phases  different  I'une  de  I'autre  de  90°; 

des  moyens  (10A,  10B)  pour  numeriser  les  deux  signaux  separes  Fc'(t)  et  Fs'(t)  obtenus  par  lesdits 

noyens  de  demodulation  de  phase  (6A,  6B),  t  designant  le  temps, 
des  moyens  de  correction  de  phase  (11)  qui  corrigent  automatiquement  la  difference  de  phases  (A6) 

ntre  les  ondes  de  reference  et  le  signal  de  resonance  magnetique  nucleaire  afin  de  produire  un  spectre  de 

requences  en  traitant  lesdits  signaux  numerises,  caracterise  en  ce  que  lesdits  moyens  de  correction  de 
ihase  (11)  comprennent:  rc  ,M21 des  moyens  pour  determiner  la  valeur  maximale  max  du  temps  t  quand  la  fonction  [Fc  (t)  J+lFs  (t)  J 
itteint  une  valeur  maximale;  et 

des  moyens  pour  calculer  Tangle  de  correction  de  phase  sous  la  forme 

Fs'(t  max) 
A6=tang-2  [  ]. 

Fc'(t  max) 

2.  Appareil  pour  traiter  des  signaux  de  reception  dans  une  installation  de  diagnostic  par  resonance 
nagnetique  nucleaire  selon  la  revendication  1,  caracterise  en  ce  que  lesdits  moyens  de  correction  de  phase 
:omprennent  un  appareil  de  calcul  qui  effectue  une  procedure  de  correction  de  phase  sur  lesdits  signaux 
ie  demodulation  numerises,  puis  fait  subir  a  ceux-ci  une  transformation  de  Fourier. 
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