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Two  or  more  such  coils  may  also  be  used  in  an 
apparatus,  in  which  case  the  orientation  in  rela- 
tion  to  the  transmission  field  is  chosen  so  that 
maximum  measuring  sensitivity  occurs  for  an 

5  area  enclosed  by  the  coils,  subject  to  current 
compensation  in  the  coils. 

Some  preferred  embodiments  of  the  invention 
will  now  be  further  described  with  reference  to 
the  drawing.  In  the  drawing: 

10  Figure  1  shows  a  schematic  diagram  of  a 
magnetic  resonance  apparatus  equipped  with  a 
divided  surface  coil  as  its  measuring  coil, 

Figure  2  shows  examples  of  surface  coils  for 
that  purpose. 

is  A  magnetic  resonance  apparatus  such  as 
shown  in  Figure  1  comprises  a  system  of  magnets 
for  the  production  of  a  steady,  homogeneous 
magnetic  field,  a  magnetic  system  4  for  the 
production  of  magnetic  gradient  fields,  power 

20  sources  6  and  8  for  the  magnetic  system  2  and  the 
magnetic  system  4,  respectively.  The  magnetic 
coil  10  used  for  the  production  of  an  RF  magnetic 
alternating  field  is  connected  to  a  radio-frequency 
source  12.  For  detection  of  magnetic-resonance 

25  signals  generated  by  the  RF  transmission  field  in 
an  object  to  be  studied,  a  surface  coil  13  is 
incorporated.  For  read-out,  coil  13  is  connected  to 
a  signal  amplifier  14.  The  signal  amplifier  14  is 
connected  to  a  phase-sensitive  rectifier  16  which 

30  is  connected  to  a  central  device  18.  The  central 
control  device  18  drives  a  modulator  20  for  the 
radio-frequency  source  12,  the  power-supply 
source  8  for  the  gradient  coils  and  a  monitor  22 
for  image  display.  A  high-frequency  oscillator  24 

35  controls  both  the  modulator  20  and  the  phase- 
sensitive  rectifier  16  which  processes  the  measur- 
ing  signals.  For  cooling,  where  necessary,  the 
cooling  device  26  with  cooling  lines  27  is  used.  A 
cooling  device  of  this  kind  may  take  the  form  of 

40  water  cooling  for  resistance  coils  or  as  a  liquid- 
helium  Dewar  system  for  superconductive  coils. 
The  transmitting  coil  10  located  between  the 
magnetic  systems  2  and  4  encloses  an  examina- 
tion  space  28,  which,  in  an  apparatus  for  diag- 

45  nostic  medical  measurements  is  large  enough  to 
accommodate  patients.  The  stationary  magnetic 
field,  gradient  fields  for  position  selection  of 
layers  to  be  imaged  and  a  spatially  homogeneous 
radio-frequency  alternating  field  have  thus  to  be 

so  generated  in  the  examination  area  28.  Surface 
coil,  preferably  positionable,  is  installed  within 
the  area  28.  For  certain  examinations  such  as  that 
of  dorsal  vertebrae  it  may  be  advantageous  to 
incorporate  the  coil  in  a  table-top  for  the  patient, 

55  which  table-top,  not  shown,  can  be  moved  axially 
in  the  examination  space  and  is  adjustable 
radially.  A  measuring  coil  can  also  be  installed  in 
such  a  way  that  it  can  be  adjusted  for  the  part  of 
the  body  to  be  examined.  Such  a  coil  is  then 

60  preferably  in  fact  coupled  to  the  patient  during  the 
performance  of  the  examination  and  moves  with 
the  patient  when  he/she  is  re-orientated. 

A  surface  coil  as  shown  in  Figure  2a  comprises 
two  constituent  turns  50  and  52  with  mutually 

65  opposite  directions  of  current  as  indicated  with 

Description 

The  invention  relates  to  a  magnetic  resonance 
apparatus  with  a  magnet  for  producing  a  station- 
ary  magnetic  field,  an  RF  transmitting  coil,  an  RF 
measuring  coil  in  the  form  of  a  surface  coil  and 
electronic  switching  circuits  for  RF  excitation  and 
detection. 

An  apparatus  of  this  kind  is  known  from  Nature 
No.  283,  1980,  pp.  167—170.  In  the  version 
described  there,  problems  are  encountered 
because,  on  the  one  hand,  the  transmitting  coil 
sets  up  relatively  strong  currents  in  the  measur- 
ing  coil  against  which  currents  the  RF  detection 
circuit  has  to  be  protected  and,  on  the  other  hand, 
an  activated  measuring  coil  disturbs  the 
homogeneity  of  the  transmitting  field. 

The  invention  is  intended  to  overcome  these 
objections  and,  to  that  end,  the  magnetic  reso- 
nance  apparatus  of  the  kind  stated  in  the  pre- 
amble  is  characterized  by  the  fact  that  the 
measuring  coil  has  such  a  geometry  that  electro- 
magnetic  coupling  between  the  transmitting  coil 
and  the  measuring  coil  is  avoided. 

Since,  in  an  apparatus  according  to  the  inven- 
tion,  the  geometry  of  the  measuring  coil  impedes 
the  induction  of  currents  in  the  latter  by  the 
transmitting  coil,  the  undesired  effects  referred  to 
do  not  occur  here,  even  without  blocking  arrange- 
ments  in  the  detection  circuit. 

In  a  preferred  implementation  the  measuring 
coil  comprises  two  parts  situated  in  a  flat  plane 
with  windings  orientated  in  opposite  directions  to 
each  other  and  enclosing  equal  surface  areas. 

In  both  a  linear  and  a  rotating  spatially 
homogeneous  transmitting  field  current  induced 
in  such  a  coil  and  in  a  first  coil  half  will  always  be 
compensated  by  a  current  induced  in  the  second 
coil  half  and  therefore  no  EMF  will  be  generated 
at  the  input  terminals  of  the  coil.  There  are  no 
restrictions  with  respect  to  the  orientation  of  the 
surface  coil.  It  will  always  be  decoupled  from  a 
homogeneous  RF  excitation  field. 

In  a  further  form  of  implementation  the  measur- 
ing  coil  is  roof-shaped  with  the  separation 
between  the  two  coil  parts  coinciding  with  the 
ridge  of  the  roof.  A  coil  of  this  kind  cannot  be  used 
for  a  rotating  transmitting  field  but  can  have 
advantages  for  a  linear  transmitting  field  because 
the  measuring  area  can  be  adapted  to  the  shape 
of  the  object.  For  both  a  linear  and  a  rotating 
transmitting  field  the  two  coil  parts  can  also  be 
arranged  one  above  the  other.  In  that  case  a 
minimum  spacing  between  them  will  have  to  be 
observed  in  order  to  enable  the  measuring 
signals  to  be  detected.  This  spacing  can  again  be 
adapted  to  an  object  which  has  to  be  positioned 
between  the  two  coil  parts. 

In  a  further  preferred  form  of  implementation 
the  coil  comprises  more  than  two,  for  example 
three,  part  coils  whose  total  surface  area  can  be 
divided  into  two  equal  parts  by  at  least  one  axis  of 
symmetry,  the  sum  surface  area  of  a  first  set  of 
part  coils  being  equal  to  the  sum  surface  area  of  a 
second  set  of  part  coils. 
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For  effective  operation  with  a  transmission  field 
directed  transversely  to  the  plane  of  the  drawing 
one  ofthe.se  axes  of  symmetry  will  lie  in  the  plane 
of  the  drawing  but  the  coil  can  be  set  up  rotated 

5  round  that  axis,  i.e.  round  one  of  the  two,  as 
desired. 

Figure  2d  shows  a  surface  coil  in  which  a  coil 
surface  is  divided  diagonally  into  two  identical 
surface-area  parts  80  and  82.  Here,  too,  two  axes 

m  of  symmetry  84  and  85  can  be  said  to  exist  to 
which  the  condition  specified  above  apply.  Con- 
sidered  geometrically,  the  axes  of  symmetry  84 
and  86  are  different  in  character  from  the  axes  of 
symmetry  already  mentioned  but  that  is  not 

15  relevant  to  a  spatially  homogeneous  transmission 
field. 

In  preceding  examples  of  implementation  rect- 
angular  coil  surface  areas  have  in  many  cases 
been  assumed  but  it  will  already  be  clear  from  the 

20  description  that  it  is  also  possible  to  have  circular 
surface  areas  which  are  divided  along  a  diameter. 
As  long  as  the  symmetry  requirements  are  met,  it 
is  particularly  the  size  and  geometry  of  the  part  of 
the  object  from  which  signals  are  detected  by  the 

25  measuring  coil  with  a  satisfactory  signal-to-noise 
ratio  which  determine  the  shape. 

Claims 

30  1.  A  magnetic  resonance  apparatus  with  a 
magnet  for  the  generation  of  a  stationary  mag- 
netic  field,  an  RF  transmission  coil,  an  RF  measur- 
ing  coil  in  the  form  of  a  surface  coil  and  electronic 
switching  circuits  for  RF  excitation  and  RF  detec- 

35  tion,  in  which  the  measuring  coil  has  such  a 
geometry  that  electromagnetic  coupling  between 
the  transmission  coil  and  the  measuring  coil  is 
avoided. 

2.  A  magnetic  resonance  apparatus  as  claimed 
40  in  Claim  1,  in  which  the  measuring  coil  comprises 

two  part  coils  situated  in  a  flat  plane  with  wind- 
ings  orientated  in  opposite  directions  to  each 
other  and  enclosing  equal  surface  areas. 

3.  A  magnetic  resonance  apparatus  as  claimed 
45  in  Claim  1  ,  in  which  the  measuring  coil  comprises 

more  than  two  part  coils  located  in  the  same 
plane,  the  sum  of  the  surface  areas  of  a  first  set  of 
part  coils  is  equal  to  the  sum  of  surface  areas  of 
the  second  set  of  part  coils  and  the  common  coil 

so  at  any  rate  has  an  axis  of  symmetry  which  divides 
the  total  surface  area  into  two  equal  parts. 

4.  A  magnetic  resonance  apparatus  as  claimed 
in  Claim  2,  in  which  a  substantially  rectangular 
total  coil  surface  is  divided  diagonally  into  two 

55  equal  constituent  surface  areas. 
5.  A  magnetic  resonance  apparatus  as  claimed 

in  Claim  1,  in  which  the  measuring  coil  comprises 
two  constituent  coils  located  a  consistent  distance 
from  each  other  measured  along  a  perpendicular 

60  to  the  coil  surface. 
.  6.  A  magnetic  resonance  apparatus  as  claimed 

in  Claim  1,  in  which  two  identical  parts  of  the 
surface  area  of  the  coil  separated  by  an  axis  of 
symmetry  form  a  roof  shape  with  the  axis  of 

65  symmetry  as  the  ridge. 

arrows.  If  a  magnetic  flux,  generated,  for 
example,  by  a  transmitting  coil,  is  passed  through 
one  of  the  constituent  turns  and  a  current  is 
therefore  generated,  the  latter  is  compensated  by 
the  current  in  the  opposite  direction  generated  in 
the  other  coil  part.  If  the  part  coils  are  identical  to 
each  other  and,  in  particular,  have  an  identical 
effective  surface  area,  which  means  here  enclos- 
ing  the  projection  of  the  surface  areas  transverse 
to  the  direction  of  the  transmission  field,  the  flux 
captured  in  both  coil  parts  will  be  equal  as  long  as 
the  field  generating  the  flux  is  spatially 
homogeneous.  "Spatially  homogeneous"  is 
defined  here  as  being  equal  in  strength  and 
direction  at  every  moment  in  the  relative  space. 
For  the  working  of  the  invention  it  is  therefore, 
subject  to  the  above-mentioned  condition,  less 
relevant  how  the  divided  coil  is  orientated  in  the 
transmission  field.  The  orientation  may,  however, 
be  important  for  the  size  of  an  area  to  be 
measured  effectively  by  the  measuring  coil.  From 
measurements  of  the  field  of  the  coil  it  is  possible, 
on  the  basis  of  the  reciprocity  principle  applying 
here,  to  determine  how  far  an  effective 
measurement  field  of  the  coil  extends.  For  a  more 
general  survey  of  the  situation,  see  an  article  in 
"Journal  of  Magnetic  Resonance",  62,  1985,  pp. 
397—405. 

In  magnetic  resonance  apparatuses  two  or 
more  measuring  coils  are  frequently  used  for  one 
measurement,  e.g.  on  a  specific  part  of  the  body. 
Good  use  can  then  also  be  made  of  surface  coils 
according  to  the  invention.  In  that  case  the  coils 
are  arranged  in  such  a  way  in  relation  to  the 
object  to  be  studied  and  in  relation  to  each  other 
that  the  most  favourable  measuring-signal  reso- 
nance  occurs  for  an  enclosed  measuring  area.  For 
examination  of  a  knee,  for  example,  four  surface 
coils  can  be  grouped  around  the  knee  in  a  regular 
rectangle  with  an  exis  of  symmetry  of  each  of  the 
divided  coils  lying  in  the  x-y  plane  with  a  trans- 
mission  field  orientated  in  the  z  direction. 

Figure  2b  shows  an  example  of  implementation 
of  a  surface  coil  consisting  of  three  partial  coils 
60,  62  and  64.  The  surface  area  of  coil  64  is  here 
the  equal  to  the  sum  of  the  surface  areas  of  coils 
60  and  62  and  the  direction  of  the  induced  current 
is  indicated  with  arrows.  With  an  orientation  in  a 
transmission  field  with  one  of  the  axes  of  sym- 
metry  68  and  70  in  a  plane  transverse  to  the 
transmission  field  between  terminals  67  and  69 
no  EMF  will  again  be  generated. 

In  an  apparatus  operating  with  a  directionally 
stationary  transmission  field  the  two  identical 
surface-area  parts  need  not  lie  in  one  plane  but  a 
roof  shape  in  accordance  with,  for  example, 
Figure  2c  is  also  permissible,  the  ridge  72  of  the 
roof  again  lying  as  a  line  of  symmetry  in  a  plane 
transverse  to  the  transmission  field  and  the  two 
parts  74  and  76  of  the  roof  being  orientated  at 
similar  angles  to  the  transmission  field.  It  is 
therefore  also  possible  to  work  in  similar  fashion 
with  a  coil  which  encloses  a  part  of  a  cylindrical 
sheath  as  surface  area.  In  the  coil  drawn  in  Figure 
2a  lines  54  and  56  can  act  as  axes  of  symmetry. 
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8.  Kernspinresonanzapparat  nach  einem  der 
vorangehenden  Anspruche,  wobei  die  MelSspule 
zwei  oder  mehr  Oberflachenspulen  enthalt,  die 
derart  befestigt  sind,  dalS  ein  optimales 
Resonanzsummensignal  aus  einem  davon  einge- 
schlossenen  Prufungsraum  erzeugt  wird. 

9.  Kernspinresonanzapparat  nach  Anspruch  8, 
wobei  die  Oberflachenspulen,  von  der  Richtung 
des  Qbertragungsfelds  aus  betrachtet,  ein  regel- 
malSiges  Vieleck  bilden. 

Revendications 

7.  A  magnetic  resonance  apparatus  as  claimed 
in  any  of  the  preceding  claims,  in  which  a  measur- 
ing  coil  is  orientated  in  it  in  such  a  way  that  its 
axis  of  symmetry  or  one  of  its  axes  of  symmetry  is 
located  in  a  plane  transverse  to  the  direction  of 
the  transmission  field. 

8.  A  magnetic  resonance  apparatus  as  claimed 
in  any  of  the  preceding  claims,  in  which  the 
measuring  coil  comprises  two  or  more  surface 
coils  which  are  fitted  in  such  a  way  that  an 
optimum  resonance  sum  signal  is  generated  in  it 
from  an  examination  space  enclosed  by  it. 

9.  A  magnetic  resonance  apparatus  as  claimed 
in  Claim  8,  in  which  the  surface  coils  as  seen  from 
the  direction  of  the  transmission  field  form  a 
regular  polygon. 

Patentanspriiche 

1.  Kernspinresonanzapparat  mit  einem  Magnet 
zum  Erzeugen  eines  statischen  Magnetfelds,  mit 
einer  Hf-Ubertragungsspule,  mit  einer  Hf-Mel5- 
spule  in  Form  einer  Oberflachenspule  und  mit 
elektronischen  Schaltkreisen  fur  Hf-Anregung 
und  Hf-Detektion,  wobei  die  MeSspule  eine  derar- 
tige  Geometrie  besitzt,  daS  elektromagnetische 
Kopplung  zwischen  der  Qbertragungsspule  und 
der  MelSspule  vermieden  wird. 

2.  Kernspinresonanzapparat  nach  Anspruch  1, 
wobei  die  MelSspule  zwei  Teilspulen  in  einer 
flachen  Ebene  enthalt,  deren  Windungen  in  einan- 
der  entgegengesetzten  Richtungen  orientiert  sind 
und  gleich  Oberflachenbereiche  einschliefSen. 

3.  Kernspinresonanzapparat  nach  Anspruch  1, 
wobei  die  MeBspule  mehr  als  zwei  Teilspulen  in 
der  gleichen  Ebene  enthalt,  wobei  die  Summe  der 
Oberflachenbereiche  eines  ersten  Teilspulen- 
satzes  gleich  der  Summe  von  Oberflachen- 
bereichen  des  zweiten  Teilspulensatzes  betragt 
und  die  gemeinsame  Spuie  jedenfalls  eine  Sym- 
metrieachse  hat,  die  den  gesamten  Oberflachen- 
bereich  in  zwei  gleiche  Teile  verteilt. 

4.  Kernspinresonanzapparat  nach  Anspruch  1 
oder  2,  wobei  eine  im  wesentlichen  rechteckige 
Gesamtspulenoberflache  diagonalweise  in  zwei 
gleiche  zusammenstellende  Oberflachenbereiche 
verteilt  wird. 

5.  Kernspinresonanzapparat  nach  Anspruch  1, 
wobei  die  MelSspule  zwei  zusammenstellende 
Spulen  enthalt,  die  in  konsistentem  Abstand  von- 
einander  angeordnet  sind,  wenn  entlang  einer 
Senkrechten  zur  Spulenoberflache  gemessen 
wird. 

6.  Kernspinresonanzapparat  nach  Anspruch  1, 
wobei  zwei  identische  Teile  des  Oberflachen- 
bereichs  der  Spule,  die  durch  eine  Symmetrie- 
achse  voneinander  getrennt  sind,  eine  Dachform 
besitzt,  wobei  die  Symmetrieachse  als  Dachfirst 
dient. 

7.  Kernspinresonanzapparat  nach  einem  der 
vorangehenden  Anspruche,  wobei  eine  MelSspule 
darin  derart  orientiert  ist,  dal5  ihre  Symmetrie- 
achse  oder  eine  ihrer  Symmetrieachsen  sich  in 
einer  Ebene  quer  zur  Richtung  des  Qbertragungs- 
felds  befindet. 

10 

1.  Appareil  a  resonance  magnetique  compor- 
15  tant  un  aimant  pour  produire  un  champ  magneti- 

que  stationnaire,  une  bobine  de  transmission  RF, 
une  bobine  de  mesure  RF  ayant  la  forme  d'une 
bobine  de  surface  et  des  circuits  electroniques  de 
commutation  pour  I'excitation  et  la  detection  RF, 

20  dans  lequel  la  bobine  de  mesure  presente  une 
geometrie  teile  qu'un  couplage  electro- 
magnetique  entre  la  bobine  de  transmission  et  la 
bobine  de  mesure  soit  evite. 

2.  Appareil  a  resonance  magnetique  suivant  la 
25  revendication  1,  dans  lequel  la  bobine  de  mesure 

comprend  deux  parties  de  bobine  situees  dans  un 
plan  plat  avec  des  enroulements  orientes  dans 
des  sens  opposes  I'un  a  I'autre  et  confinant  des 
aires  egales. 

30  3.  Appareil  a  resonance  magnetique  suivant  la 
revendication  1,  dans  lequel  la  bobine  de  mesure 
comprend  plus  de  deux  parties  de  bobine  dis- 
poses  dans  le  meme  plan,  la  somme  des  aires 
d'un  premier  jeu  de  parties  de  bobine  est  egale  a 

35  la  somme  des  aires  du  second  jeu  de  parties  de 
bobine,  et  la  bobine  commune  presente  dans  tous 
les  cas  un  axe  de  symetrie  qui  divise  I'aire  totale 
en  deux  parties  egales. 

4.  Appareil  a  resonance  magnetique  suivant  la 
40  revendication  1  ou  2,  dans  lequel  une  surface  de 

bobine  totale  en  substance  rectangulaire  est  divi- 
see  diagonalement  en  deux  aires  constitutives 
egales. 

5.  Appareil  a  resonance  magnetique  suivant  la 
45  revendication  1,  dans  lequel  la  bobine  de  mesure 

comprend  deux  bobines  constitutives  disposees 
Tune  par  rapport  a  I'autre  a  une  distance  reguliere 
mesuree  suivant  une  perpendiculaire  a  la  surface 
de  la  bobine. 

50  6.  Appareil  a  resonance  magnetique  suivant  la 
revendication  1,  dans  lequel  deux  parties  identi- 
ques  de  I'aire  de  la  bobine  separees  par  un  axe  de 
symetrie  forment  un  toit  dont  le  faTte  constitue 
I'axe  de  symetrie. 

55  7.  Appareil  a  resonance  magnetique  suivant 
I'une  quelconque  des  revendications  prece- 
dentes,  dans  lequel  une  bobine  de  mesure  est 
orientee  dans  cet  appareil  d'une  maniere  teile  que 
son  axe  de  symetrie  ou  un  de  ses  axes  de 

60  symetrie  soit  situe  dans  un  plan  transversal  a  la 
direction  du  champ  de  transmission. 

8.  Appareil  a  resonance  magnetique  suivant 
I'une  quelconque  des  revendications  prece- 
dentes,  dans  lequel  la  bobine  de  mesure  com- 

65  prend  deux  ou  plus  de  deux  bobines  de  surface 
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qui  sont  montees  d'une  maniere  telle  qu'un  signal  9.  Appare.l  V  e . s ° " a " ^  
de  somme  de  resonance  optimum  soit  produit  revend.ca  .on  8,  dans  ' ^ l   '<*  b°£  nes  de  sur 

dans  cette  bobine  a  partir  d'un  espace  d'examen  face,  vu  a  partir  de  la  direction  du.  champ  de 

qu'elle  enferme.  '  transmission,  forment  un  polygone  regul.er. 
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