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Description 

This  invention  relates  to  a  quadrupole  mass 
filter  as  used  with  mass  spectrometers. 

One  type  of  mass  spectrometer  that  is  exten- 
sively  used  for  qualitative  and  quantitative  analysis 
of  chemicals  employs  one  or  more  quadrupole 
mass  filters.  In  such  spectrometers,  quadrupole 
mass  filters  incorporating  four  conductive  metal 
rods  are  supported  on  mounts  made  of  an  insulat- 
ing  material.  The  rods  are  energized  by  combined 
direct  current  (d.c.)  and  alternating  current  (a.c.) 
voltage  to  achieve  selective  mass  focusing.  An 
example  of  such  a  mass  filter  is  described  in  US-A- 
4032782  which  discloses  a  method  of  maintaining 
filter  stability  by  thermal  matching  of  the  rods  and 
the  mounts. 

In  US-A-3321623,  a  multipole  mass  filter  is 
described  in  which  the  conductive  rods  are  con- 
nected  to  a  radio  frequency  (a.c.)  supply  such  that 
the  radio  frequency  voltage  between  the  two  of  one 
pair  of  conductive  rods  is  unbalanced.  This  system 
provides  for  some  improvement  in  the  resolving 
power  of  a  mass  filter. 

To  obtain  accurate  readings  and  interpretations 
of  analyses  performed  by  mass  spectroscopy,  it  is 
highly  desirable  that  the  mass  peak  waveforms 
obtained  by  the  scans  are  smooth  and  not  char- 
acterized  by  spurious  splits  or  depressions  which 
affect  the  spectral  quality  of  the  data.  In  prior  art 
systems,  it  has  been  observed  that  such  spurious 
splits  and  depressions  of  the  mass  peaks  occur 
frequently,  thus  deleteriously  affecting  the  inter- 
pretation  of  the  resulting  data. 

According  to  this  invention  there  is  provided  a 
quadrupole  mass  filter,  for  use  in  a  mass  spectrom- 
eter,  comprising  first  and  second  pairs  of  conduc- 
tive  rods;  a  source  of  direct  current  voltage  and  a 
source  of  radio  frequency  voltage  for  each  pair  of 
rods;  wherein  said  conductive  rods  provide  a  time 
varying  electric  field  to  focus  ions  of  narrow  band 
of  masses;  characterised  by  tuned  circuit  means 
for  adjusting  the  magnitude  of  the  radio  frequency 
voltage  supplied  to  one  of  said  pairs  of  conductive 
rods  relative  to  that  supplied  to  the  other  one  of 
said  pairs  of  rods,  so  that  a  radio  frequency  voltage 
unbalance  is  produced  between  said  pairs  of  rods. 

We  have  discovered  that  by  unbalancing  the 
radio  frequency  voltages  applied  to  the  pairs  of 
quadrupole  rods  spurious  splits  and  depressions 
are  substantially  reduced,  the  mass  peaks  being 
smooth  and  devoid  of  spurious  signals  and  de- 
formations. 

Further,  the  filter  of  an  embodiment  of  the 
invention  has  good  ion  transmission  and  hence 
sensitivity  especially  for  high  mass  ions. 

The  invention  will  now  be  described  by  way  of 
example  with  reference  to  the  drawing  which  is  a 

schematic  circuit  and  block  diagram  of  a  filter 
according  to  an  embodiment  of  this  invention. 

With  reference  to  the  drawing,  a  quadrupole 
mass  filter  incorporates  two  pairs  of  conductive 

5  rods  10a,  10c  and  10b,  10d  disposed  in  a  configu- 
ration  that  provides  a  hyperbolic  field  through 
which  ions  of  the  materials  under  investigation  trav- 
el.  The  rods  10,  which  may  be  made  of  molyb- 
denum,  are  connected  to  an  electrical  circuit  that 

10  provides  d.c.  voltage  and  r.f.  or  alternating  current 
(a.c.)  voltage.  The  circuit  network  includes  a  tuned 
circuit  that  controls  the  magnitudes  of  the  r.f.  and 
d.c.  voltages  which  are  applied  to  the  filter  rods. 
The  tuned  or  r.f.  resonant  circuit  is  a  low  loss,  high 

75  Q  circuit,  and  the  phase  relation  of  the  r.f.  voltage 
supplied  to  the  two  pairs  of  rods  10a,c  and  10b,d  is 
substantially  180°.  The  rods  act  to  provide  a  time 
varying  electrostatic  field  to  focus  a  narrow  band  of 
masses. 

20  In  operation,  a  mass  control  voltage  is  derived 
from  a  control  device,  such  as  a  computer  or 
sweep  generator  and  applied  through  an  input  re- 
sistor  12  to  a  summing  point  14.  The  control  volt- 
age  is  used  as  a  reference  that  sets  the  mass  to 

25  which  the  mass  spectrometer  will  respond.  A  feed- 
back  voltage  Vfb  is  obtained  from  a  measuring 
device  38,  which  is  coupled  to  the  rods  10  and  to 
the  tuned  circuit,  as  will  be  described  hereinafter.  If 
a  non-zero  voltage  appears  at  the  summing  point 

30  14,  this  voltage  is  amplified  by  an  error  voltage 
amplifier  16  and  the  amplified  voltage  is  fed  to  the 
control  input  of  an  r.f.  generator  18.  The  r.f.  gener- 
ator  18  supplies  an  r.f.  signal,  having  a  frequency 
in  the  range  of  1.0-2.0  MHz  for  example,  to  the 

35  tuned  circuit,  which  comprises  an  inductive  network 
consisting  of  inductances  20  and  22  and  a  capaci- 
tive  network  comprising  capacitive  elements  34 
and  36.  A  center  coil  24,  which  preferably  has  one 
or  two  turns,  is  coupled  to  the  output  of  the  gener- 

40  ator  18  and  is  disposed  at  the  center  between  the 
two  inductances  20  and  22  to  supply  r.f.  power  to 
the  tuned  circuit. 

The  capacitive  network  of  the  tuned  circuit 
includes  the  capacitive  elements  30  and  32  which 

45  represent  the  capacitances  of  the  wiring,  mass  filter 
and  cables  of  the  system.  The  capacitances  34  and 
36,  which  are  tied  to  test  points  TP1  and  TP2,  are 
selected  so  that  the  circuit  is  resonant  at  the  de- 
sired  frequency  of  operation,  and  so  that  the  r.f. 

so  voltages  measured  at  the  test  points  TP1  and  TP2 
have  a  predetermined  unbalance.  The  capacitances 
34  and  36  may  be  fixed  capacitors  of  selected 
value  or  variable  capacitors.  In  either  case,  the 
values  of  the  capacitances  are  such  that  they  meet 

55  the  requirements  of  resonance  and  r.f.  unbalance. 
Each  inductance  20  and  22  is  coupled  at  one 

end  respectively  to  capacitive  elements  26  and  28, 
which  are  tied  to  a  reference  potential  such  as 
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ground.  The  other  end  of  each  inductance  20  and 
22  is  coupled  to  test  points  TP1  and  TP2  respec- 
tively,  which  are  connected  to  capacitors  34  and  36 
respectively.  The  junction  of  the  inductance  20  and 
rjapacitive  element  34  is  connected  to  opposing 
rods  10a  and  10c,  whereas  the  junction  of  the 
inductance  22  and  capacitive  element  36  is  con- 
nected  to  opposing  rods  10b  and  10d.  The  induc- 
tances  and  capacitive  elements  form  an  LC  reso- 
nant  circuit  which  provides  high  r.f.  voltage  opera- 
tion,  up  to3,000  peak  volts  for  example. 

Since  the  precise  values  of  some  of  the  ca- 
pacitive  elements  of  the  tuned  circuit  are  not 
known,  the  need  for  adjustments  of  the  capacitive 
values  of  the  tuned  circuit  to  effectuate  the  r.f. 
unbalance  is  determined  by  an  r.f.  voltage  measur- 
ing  device  such  as  an  oscilloscope.  The  measuring 
device  is  coupled  to  the  test  points  TP1  and  TP2, 
and  to  the  pairs  of  rods  10.  The  capacitors  34  and 
36  are  adjusted  to  obtain  the  desired  unbalance. 
The  adjustments  may  be  made  manually,  or  auto- 
matically  in  response  to  the  measurement  seen  at 
the  measuring  device.  Alternatively  the  inductors 
20  and  22  may  be  formed  with  an  unequal  or 
different  number  of  turns  on  opposite  sides  of  the 
center  tap  to  produce  the  desired  r.f.  voltage  unbal- 
ance,  or  may  be  variable  inductances  that  may  be 
adjusted. 

The  output  feedback  Vfb  of  negative  polarity 
from  the  measuring  device  38  represents  the  dif- 
ference  in  r.f.  voltage  between  the  rod  pair  10a, 
10c  and  the  rod  pair  10b,  10d.  This  feedback 
voltage  is  fed  through  a  feedback  resistor  40  to  the 
summing  point  14  to  be  combined  with  the  mass 
control  voltage  of  positive  polarity.  As  described 
heretofore,  the  non-zero  sum  of  the  two  voltages 
provides  an  error  signal  that  is  processed  by  the 
feedback  loop  including  the  tuned  circuit  and  mea- 
suring  device  38  to  compensate  for  the  error  and 
drive  the  summed  voltage  at  junction  14  towards 
zero. 

The  feedback  voltage  Vfb  provided  by  the  de- 
tector  or  measuring  device  38  is  also  used  to 
produce  the  positive  and  negative  d.c.  voltages 
which  are  applied  to  the  rods  10  in  order  to  pro- 
duce  the  mass  filtering  action  of  the  quadrupole. 
The  feedback  voltage  is  fed  through  a  resolution 
controls  circuit  40  which  controls  the  slope  and 
intercept  of  the  d.c.  signal,  and  thus  allows  for 
proper  adjustment  of  mass  resolution.  The  d.c. 
voltage  is  applied  through  parallel  channels,  one  of 
which  incorporates  a  phase  inverting  amplifier  44, 
to  a  d.c.  rod  polarity  reversible  switch  S1.  The 
switch  S1,  which  is  operated  manually,  or  under 
computer  control  if  so  desired,  reverses  the  d.c. 
voltage  polarity  to  enable  detection  of  positive  or 
negative  ions  by  the  quadrupole  filter.  In  actual 
operation,  it  is  desirable  to  switch  rapidly  between 

positive  ion  analysis  ana  negative  ion  analysis,  ana 
in  such  cases  computer  control  is  employed. 

The  positive  and  negative  d.c.  signals  are 
passed  respectively  through  voltage  amplifiers  46 

5  and  48,  and  applied  to  the  junctions  between  the 
inductances  22  and  20  and  the  bypass  capacitors 
28  and  26,  for  application  through  the  tuned  circuit 
to  the  rod  pairs  10. 

Although  the  use  of  the  switch  S1  at  the  input 
w  of  the  voltage  amplifiers  46  and  48  is  a  preferable 

implementation  because  it  does  not  require  switch- 
ing  of  high  voltage,  bipolar  d.c.  rod  voltage  amplifi- 
ers  are  required  to  enable  supplying  either  positive 
or  negative  output  signals  from  each  amplifier.  In 

15  an  alternative  approach,  a  switch  S2  is  used  at  the 
output  of  the  voltage  amplifiers  46  and  48,  and 
each  amplifier  needs  only  to  supply  a  single  polar- 
ity  d.c.  signal,  one  positive  and  the  other  negative. 

With  the  implementation  disclosed  herein,  the 
20  d.c.  rod  voltages  are  delivered  to  the  quadrupole 

rods  through  the  inductive  coil  structure.  In  such 
case,  the  center  tap  of  coil  24  is  isolated  from  the 
system  ground  and  the  r.f.  circuit  is  completed  by 
use  of  grounded  bypass  capacitors  26  and  28 

25  which  serve  to  complete  the  r.f.  circuit  while  pre- 
venting  excessive  r.f.  voltage  from  reaching  the  d.c. 
rod  voltage  amplifiers  46  and  48. 

We  have  observed  that  with  an  unbalance  of 
the  r.f.  voltages  that  are  applied  to  the  rods,  the 

30  shapes  of  the  mass  peaks  become  smooth  and 
afford  a  significant  improvement  in  mass  spec- 
troscopy  operation,  particularly  in  quantitative  ana- 
lysis  of  high  mass  chemicals.  There  is  a  clear 
seperation  between  adjacent  mass  peaks  without 

35  the  spurious  signals  that  are  experienced  in  prior 
art  systems  and  affect  the  accuracy  of  the  spec- 
troscopic  readout.  To  obtain  the  desired  unbalance, 
one  or  both  of  the  capacitive  elements  are  adjusted 
so  that  they  are  different  in  value.  Similarly,  the 

40  inductive  elements  may  be  adjusted  to  a  different 
value,  or  adjustments  both  of  inductance  and  ca- 
pacitance  may  be  made  to  achieve  the  required 
imbalance  of  r.f.  voltages.  In  a  preferred  implemen- 
tation,  the  r.f.  voltage  at  one  pair  of  rods,  say  10a, 

45  10c  is  approximately  1.4  times  that  at  other  pair  of 
the  rods  10b,  10d. 

so  Claims 

1.  A  quadrupole  mass  filter,  for  use  in  a  mass 
spectrometer,  comprising  first  and  second 
pairs  of  conductive  rods  (10a,  10c,  10b,  10d);  a 

55  source  of  direct  current  voltage  (38,  42,  44,  46, 
48)  and  a  source  of  radio  frequency  voltage 
(18)  for  each  pair  of  rods  wherein  said  conduc- 
tive  rods  provide  a  time  varying  electric  field  to 

3 
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focus  ions  of  a  narrow  band  of  masses; 
characterised  by  tuned  circuit  means  (20,  22, 
26,  28,  34,  36)  for  adjusting  the  magnitude  of 
the  radio  frequency  voltage  supplied  to  one  of 
said  pairs  of  conductive  rods  (10a,  10c  or  10b, 
10d)  relative  to  that  supplied  to  the  other  one 
of  said  pairs  of  rods  (10b,  10d  or  10a,  10c)  so 
that  a  radio  frequency  voltage  unbalance  is 
produced  between  said  pairs  of  rods. 

2.  A  filter  as  claimed  in  Claim  1  ,  characterised  in 
that  said  tuned  circuit  means  comprises  at 
least  first  and  second  capacitances  (34,  36) 
coupled  respectively  to  said  first  and  second 
pairs  of  rods  (10a,  10c;  10b,  10d),  said  capacit- 
ances  providing  a  controlled  amount  of  unbal- 
ance  in  the  radio  frequency  voltage  applied  to 
the  rods. 

3.  A  filter  as  claimed  in  Claim  1  or  Claim  2, 
characterised  in  that  said  tuned  circuit  means 
comprises  at  least  first  and  second  induc- 
tances  (20,  22)  coupled  respectively  to  said 
first  and  second  pairs  of  rods  (10a,  10c;  10b, 
10d),  said  inductances  providing  a  controlled 
amount  of  unbalance  in  the  radio  frequency 
voltage  applied  to  the  rods. 

4.  A  filter  as  claimed  in  Claim  3,  characterised  by 
a  center  coil  (24)  coupled  to  the  output  of  said 
source  of  radio  frequency  voltage  (18),  and 
electrically  coupled  between  said  inductances 
(20,  22). 

5.  A  filter  as  claimed  in  Claim  3  or  Claim  4, 
characterised  by  bypass  capacitors  (26,  28) 
connected  to  said  inductances  (20,  22). 

6.  A  filter  as  claimed  in  any  preceding  claim, 
characterised  by  a  radio  frequency  voltage 
measuring  device  (38)  for  sensing  the  differ- 
ence  in  voltages  between  said  first  and  second 
pairs  of  rods  (10a,  10c;  10b,  10d). 

7.  A  filter  as  claimed  in  Claim  6,  characterised  by 
means  for  providing  a  mass  control  voltage  for 
setting  a  reference  to  which  said  filter  re- 
sponds. 

8.  A  filter  as  claimed  in  Claim  7,  characterised  by 
means  (40)  coupled  to  said  voltage  measuring 
device  (38)  for  providing  a  feedback  voltage  to 
a  summing  point  (14)  at  which  said  mass  con- 
trol  voltage  and  said  feedback  voltage  are 
summed  to  form  a  combined  voltage. 

9.  A  filter  as  claimed  in  Claim  8,  characterised  by 
an  error  voltage  amplifier  (16)  coupled  between 

said  summing  point  (14)  and  said  voltage 
source  (18)  for  amplifying  said  combined  volt- 
age. 

5  10.  A  filter  as  claimed  in  any  one  of  Claims  6  to  9, 
characterised  by  switching  means  (S1)  coup- 
led  to  said  measuring  device  (38)  for  providing 
a  d.c.  voltage  to  said  pairs  of  rods  (10a,  10c; 
10b,  10d). 

10 
11.  A  filter  as  claimed  in  Claim  10,  characterised 

by  voltage  amplifiers  (46,  48)  coupled  between 
said  switching  means  (S1)  and  said  tuned  cir- 
cuit  means  (20,  22;  26,  28;  34,  36). 

15 
12.  A  filter  as  claimed  in  Claim  10  or  Claim  11, 

characterised  by  means  (S2)  for  reversing  the 
polarity  of  the  said  direct  current  voltage  ap- 
plied  to  the  rods. 

20 

Revendications 

1.  Filtre  de  masse  quadripolaire,  a  utiliser  dans 
25  un  spectrometre  de  masse,  comportant  des 

premiere  et  seconde  paires  de  tiges  conductri- 
ces  (10a,  10c,  10b,  10d)  ;  une  source  de 
tension  continue  (38,  42,  44,  46,  48)  et  une 
source  de  tension  radiofrequence  (18)  pour 

30  chaque  paire  de  tiges,  lesdites  tiges  conductri- 
ces  produisant  un  champ  electrique  variant 
avec  le  temps  pour  concentrer  des  ions  d'une 
bande  etroite  de  masses  ;  caracterise  par  un 
moyen  (20,  22,  26,  28,  34,  36)  a  circuit  accor- 

35  de  destine  a  ajuster  I'amplitude  de  la  tension 
radiofrequence  appliquee  a  I'une  desdites  pai- 
res  de  tiges  conductrices  (10a,  10c  ou  10b, 
10d)  par  rapport  a  celle  appliquee  a  I'autre 
desdites  paires  de  tiges  (10b,  10d  ou  10a,  10c) 

40  afin  qu'un  desequilibre  de  tension  radiofre- 
quence  soit  produit  entre  lesdites  paires  de 
tiges. 

2.  Filtre  selon  la  revendication  1,  caracterise  en 
45  ce  que  ledit  moyen  a  circuit  accorde  comporte 

au  moins  des  premiere  et  seconde  capacites 
(34,  36)  couplees,  respectivement,  auxdites 
premiere  et  seconde  paires  de  tiges  (10a,  10c 
;  10b,  1  0d),  ladite  capacite  etablissant  une 

so  valeur  maitrisee  de  desequilibre  dans  la  ten- 
sion  radiofrequence  appliquee  aux  tiges. 

3.  Filtre  selon  la  revendication  1  ou  la  revendica- 
tion  2,  caracterise  en  ce  que  ledit  moyen  a 

55  circuit  accorde  comporte  au  moins  des  pre- 
miere  et  seconde  inductances  (20,  22)  cou- 
plees,  respectivement,  auxdites  premiere  et 
seconde  paires  de  tiges  (10a,  10c  ;  10b,  10d), 

4 
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lesdites  inductances  etablissant  une  valeur 
maitrisee  de  desequilibre  dans  la  tension  ra- 
diofrequence  appliquee  aux  tiges. 

i.  Filtre  selon  la  revendication  3,  caracterise  par 
une  bobine  centrale  (24)  couplee  a  la  sortie  de 
ladite  source  de  tension  radiofrequence  (18),  et 
couplee  electriquement  entre  lesdites  induc- 
tances  (20,  22). 

5.  Filtre  selon  la  revendication  3  ou  la  revendica- 
tion  4,  caracterise  par  des  condensateurs  (26, 
28)  de  decouplage  connectes  auxdites  induc- 
tances  (20,  22). 

6.  Filtre  selon  I'une  quelconque  des  revendica- 
tions  precedentes,  caracterise  par  un  dispositif 
(38)  de  mesure  de  tension  radiofrequence  des- 
tine  a  capter  la  difference  des  tensions  radio- 
frequence  entre  lesdites  premiere  et  seconde 
paires  de  tiges  (10a,  10c  ;  10b,  10d). 

7.  Filtre  selon  la  revendication  6,  caracterise  par 
un  moyen  destine  a  produire  une  tension  de 
commande  de  masse  pour  etablir  une  referen- 
ce  a  laquelle  ledit  filtre  reagit. 

8.  Filtre  selon  la  revendication  7,  caracterise  par 
un  moyen  (40)  couple  audit  dispositif  (38)  de 
mesure  de  tension  pour  produire  une  tension 
de  reaction  a  un  point  de  sommation  (14) 
auquel  ladite  tension  de  commande  de  masse 
et  ladite  tension  de  reaction  sont  additionnees 
pour  former  une  tension  combinee. 

9.  Filtre  selon  la  revendication  8,  caracterise  par 
un  amplificateur  (16)  de  tension  d'erreur  cou- 
ple  entre  ledit  point  de  sommation  (14)  et 
ladite  source  (18)  de  tension  radiofrequence 
afin  d'amplifier  ladite  tension  combinee. 

10.  Filtre  selon  I'une  quelconque  des  revendica- 
tions  6  a  9,  caracterise  par  un  moyen  (S1)  de 
commutation  couple  audit  dispositif  (38)  de 
mesure  pour  appliquer  ladite  tension  continue 
auxdites  paires  de  tiges  (10a,  10c  ;  10b,  10d). 

11.  Filtre  selon  la  revendication  10,  caracterise  par 
des  amplificateurs  (46,  48)  de  tension  couples 
entre  ledit  moyen  de  commutation  (S1)  et  ledit 
moyen  a  circuit  accorde  (20,  22  ;  26,  28  ;  34, 
36). 

12.  Filtre  selon  la  revendication  10  ou  la  revendi- 
cation  1  1  ,  caracterise  par  un  moyen  (S2)  desti- 
ne  a  inverser  la  polarite  de  ladite  tension  conti- 
nue  appliquee  aux  tiges. 

Ansprucne 

1.  Quadrupol-Massenfilter  zur  Verwendung  in  ei- 
nem  Massenspektrometer,  mit  einem  ersten 

5  und  einem  zweiten  Paar  leitfahiger  Stangen 
(10a,  10c,  10b,  10d),  einer  Qleichspannungs- 
quelle  (38,  42,  44,  46,  48)  und  einer  hochfre- 
quenten  Spannungsquelle  (18)  fur  jedes  Stan- 
genpaar,  wobei  die  leitfahigen  Stangen  ein 

70  zeitlich  veranderliches  elektrisches  Feld  bereit- 
stellen,  durch  das  lonen  eines  schmalen  Ban- 
des  von  Massen  fokussiert  werden,  gekenn- 
zeichnet  durch  abgestimmte  Schaltungsein- 
richtungen  (20,  22,  26,  28,  34,  36)  zum  Einstel- 

75  len  der  Grofie  der  einem  der  Paare  leitfahiger 
Stangen  (10a,  10c  oder  10b,  10d)  zugefuhrten 
hochfrequenten  Spannung  gegenuber  der  dem 
anderen  der  Stangenpaare  (10b,  10d  oder  10a, 
10c)  zugefuhrten  hochfrequenten  Spannung, 

20  so  dafi  zwischen  den  Stangenpaaren  ein  Un- 
gleichgewicht  der  hochfrequenten  Spannung 
erzeugt  wird. 

2.  Filter  nach  Anspruch  1,  dadurch  gekennzeich- 
25  net,  da/3  die  abgestimmten  Schaltungseinrich- 

tungen  wenigstens  eine  erste  und  eine  zweite 
Kapazitat  (34,  36)  enthalten,  die  an  das  erste 
bzw.  zweite  Stangenpaar  (10a,  10c;  10b,  10d) 
angeschlossen  sind,  wobei  die  Kapazitaten 

30  eine  gesteuerte  GroSe  des  Ungleichgewichts 
der  an  die  Stangen  angelegten  hochfrequenten 
Spannungen  erzeugen. 

3.  Filter  nach  Anspruch  1  oder  2,  dadurch  ge- 
35  kennzeichnet,  da/J  die  abgestimmten  Schal- 

tungseinrichtungen  wenigstens  eine  erste  und 
eine  zweite  Induktivitat  (20,  22)  enthalten,  die 
an  das  erste  bzw.  zweite  Stangenpaar  (10a, 
10c;  10b,  1  0d)  angeschlossen  sind,  wobei  die 

40  Kapazitaten  eine  gesteuerte  Gro/te  des  Un- 
gleichgewichts  der  an  die  Stangen  angelegten 
hochfrequenten  Spannungen  erzeugen. 

4.  Filter  nach  Anspruch  3,  gekennzeichnet  durch 
45  eine  mittlere  Spule  (24),  die  an  den  Ausgang 

der  hochfrequenten  Spannungsquelle  (18)  an- 
geschlossen  und  elektrisch  zwischen  die  In- 
duktivitaten  (20,  22)  geschaltet  ist. 

50  5.  Filter  nach  Anspruch  3  oder  4,  gekennzeichnet 
durch  an  die  Induktivitaten  (20,  22)  ange- 
schlossene  Bypass-Kondensatoren  (26,  28). 

6.  Filter  nach  einem  der  vorstehenden  Anspru- 
55  che,  gekennzeichnet  durch  eine  Me/Seinrich- 

tung  (38)  zum  Messen  einer  hochfrequenten 
Spannung,  zum  Erfassen  der  Differenz  der  am 
ersten  und  zweiten  Stangenpaar  (10a,  10c; 
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10b,  10d)  anliegenden  hochfrequenten  Span- 
nungen. 

7.  Filter  nach  Anspruch  6,  gekennzeichnet  durch 
Einrichtungen  zum  Bereitstellen  einer  Massen-  5 
steuerspannung,  zum  Einstellen  eines  Bezugs- 
wertes,  auf  den  der  Filter  anspricht. 

8.  Filter  nach  Anspruch  7,  gekennzeichnet  durch 
an  die  Spannungsmefleinrichtungen  (38)  ange-  10 
schlossene  Einrichtungen  (40)  zum  Zufuhren 
einer  Ruckkopplungsspannung  an  einen  Sum- 
mierpunkt  (14),  an  dem  die  Massensteuerspan- 
nung  und  die  Ruckkopplungsspannung  zur  Bil- 
dung  einer  kombinierten  Spannung  summiert  15 
werden. 

9.  Filter  nach  Anspruch  8,  gekennzeichnet  durch 
einen  Fehlerspannungsverstarker  (16),  der  zwi- 
schen  den  Summierpunkt  (14)  und  die  hochfre-  20 
quente  Spannungsquelle  (18)  geschaltet  ist, 
zum  Verstarken  der  kombinierten  Spannung. 

10.  Filter  nach  einem  der  Anspruche  6  bis  9,  ge- 
kennzeichnet  durch  eine  an  die  Mefieinrichtung  25 
(38)  angeschlossene  Schalteinrichtung  (S1) 
zum  Anlegen  der  Gleichspannung  an  die  Stan- 
genpaare  (10a,  10c;  10b,  10d). 

11.  Filter  nach  Anspruch  10,  gekennzeichnet  durch  30 
zwischen  die  Schalteinrichtung  (S1)  und  die 
abgestimmten  Schaltungseinrichtungen  (20, 
22;  26,  28;  34,  36)  geschaltete  Spannungsver- 
starker  (46,  48). 

35 
12.  Filter  nach  Anspruch  10  oder  11,  gekennzeich- 

net  durch  Einrichtungen  (S2)  zum  Umkehren 
der  Polaritat  der  an  die  Stangen  angelegten 
Gleichspannung. 

45 

50 

55 
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