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A metLod is presented o f  measur ing  the force act ing on a sample in the  i nhomo-  
geneous par t  o f  the electronic field o f  a condensor .  This  paper  describes a new m e t h o d  
which is based upon  the  widely diverging values o f  the  dielectric constants  o f  mos t  
substances. 

I.~'TRODUCI'ION 

Dur ing  the  last ten years  m u c h  at tent ion has been paid to  the au towadTat ion  o f  
chemical analysis, Onc  o f  the subjects o f  these studies has  been the dielectric cons t -~t ,  
which is also called permittivity. This  paper  deals with a part icular  way  o f  measure-  
ment  o f  this proper ty  with regard to  fluids. 

I f  the  measurement  o f  dielectric cons tan t  or  perm/tt ivity is ment ioned,  mos t  
people think o f  a capaci tor  filled with the  liquid to  be measured  and  o f  an  electronic 
circuit  to  evaluate  the  capacity_ In  the  present  paper  we will consider  a different. 
basically non-electronic way o f  measur ing the permittivity. 

Al ready  Thales o f  Milct, more  than  2500 years  ago described the a t t r ac t ion  o f  
small solid bodies by  a piece o f  amber ,  electrified by friction. Bol tzmann gave a 
quanti t ive analysis o f  the  forces in an  inhomogeneous  field on  a dielectric body,  which 

he used to  measure  the  dielectric constant_ Pohl  incorpora ted  this principle in the  
demons t ra t ions  o f  his famous  physics course~ at  the  university o f  G0tt ingen,  using a 
torsion Ualanc¢ for  measur ing  the  forces. In  1943, one  o f  the au thors  demons t ra ted  
the  possibility to  use such an  a r rangement  in an  extended f requency range for  the 
analysis o f  high polymers.  H-Ls coworke r  Alpers,  n o w  h~s wife, made,  some  years  later, 
a t ho rough  investigation on  the  inherent  possibilities, construct ing for  this purpose  an  
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automat/caIly compensating balance t. In the last two years, the other two authors, 

starting from a different point of view, aimed at the development of a more practical 

a r rangement ,  using N ew tons  th i rd  law. Ins tead  o f  measu r ing  the  a t t rac t ing  f o r ~  o n  
the  sample ,  they  measured  the  reactive force o n  the  capac i to r  by  a commerc ia l ly  
a,railable e lec t romagnet ic  microba lance  (Sar tor ius  4102 af ter  Gas t )  z. a 

T h e  use o f  such a device impl ied,  t ha t  the  forces they m e a s u r e d  were  vertical 
a n d  could ,  therefore,  no t  be dis t inguished f rom any  forces o f  _~,avitafionsl origin_ 
T h e  I/rnitafions o f  the  accuracy b rough t  a b o u t  by this fact  were  the  reason  that ,  in  the  
next  s tep,  the  three  au tho r s  de r ided  to  design an  a p p a r a t u s  such  as to  deal  wi th  hor i -  
zonta l  forces o n  the  capaci tor .  

A P P A R A T U S  

The  appa ra tu s  is s h o w n  in the  Fig. I. We  see a t au t  b a n d  suspens ion ,  which 
carries a hor izonta l  beam to  the  end  o f  which  two  trianmalar c o n d e n s o r  p l a r ~  wi th  a 
cylindric curvature are fLxed. Only one  o f  them is visible in the figure. Each  o f  the  
p ! a t ~  is par t  o f  a condensor ,  toge ther  with a larger  e lectrode,  which  is a lso  cylindri-  
cany stmpcd. 

Between each  pa i r  o f  electrodes,  a tube  has  been m o u n t e d ,  consis t ing  o f  fused 
quar tz .  T h e  l iquid to  be measured ,  is sent  t h r o u g h  the  t ube  in one  o f  the  capaci tors ,  
while the  tube  in the  o the r  capac i to r  can  be filled with a reference I/quid. 

T h e  t r iangular  plates axe connec ted  to  ear th ,  the  o p p o s i n g  ones  to  an  A C  
high-vol tage source  ( some  h u n d r e d  volts).  Because o f  the  i n h o m o g e n e i t y  m u s e d  by 
the  two  tubes,  t a n ~ n t i a l  forces arise, the  m o m e n t s  o f  which  cancel,  i f  the  tubes  are  
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titled wi th  equal  l iquids.  I f  the  dielectric cons t an t s  o f  the  l iquids  are  different ,  the re  
will be  a resul t ing to rque ,  caus ing  a rot~*ion o f t h e  b e a m .  Th i s  ro t a t i on  is measu red  by 
a differential  capac i tor ,  consLstlng o f  the  vane,  which  Ls fixed to  the  cen ter  o f  the  b e a m  
a n d  two  c o r r e s p o n d i n g  electrodes,  fixed a t  t he  casing.  A capac i t ance  br idge  is used  
wi th  a lock  in ampli f ier  in the  signal pa th .  T h e  o u t p u t  o f  the  amplif ier  is recorded .  

MHA~IJI~[HNI'S AND DISCUSSION 

Several  different  l iquids  have  been sent  t h r o u g h  t he  m e a s u r e m e n t  tube .  T h e  
measu remen t s  were  repea ted  several  t imes a n d  p r o v e d  to  be reproduc ib le  wi th in  a 
few percent_ T h o u g h  r e p r o d u d b l e ,  the  values measu red  were  sensit ive to conductivity 
caused  m o s t  p robab ly  by water  c o n t e n t  o f  t he  l iquids.  I f  we r emember ,  t ha t  appl ica t ion  
to  analysis was the  a im o f  the  s tudy,  we s h o u l d  admi t ,  t ha t  the  m e a s u r e m e n t  o f  
resistivity could also be useful. 

By a set of measurements with different frequencies, dielectric constant and 
conductivity could both be evaluated, which would increase the usefulness of the 
method. It is aLso possible, to apply the principle of automatic compensation to the 
torque measurement, thereby increasing the si~aal-to-noise ratio and the speed of 
mcasurcmenL 
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