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ABSTRACT 

A new magne t i c  coup l ing  is o u t l i n e d i n  which  the  balance  a n d  the  p a n  o r  crucible  
cou ld  be separa ted .  

INTRODUCTION 

In physicx>-chemical research c o n t i n u o u s  weighing o f  samples  in aggressive 
gases, vapour s  o r  l iquids a n d  record ing  o f  the  results is some t imes  desirable.  I t  wou ld  
be advan tageous ,  in these  cases, i f  the  balance  a n d  the  pan  o r  crucible cou ld  be  
separa ted  to  such  an  extent ,  t ha t  t he  balance  is n o t  exposed  to  the  a t m o s p h e r e  in the  
sample  chamber .  Inversely,  it cou ld  be necessary_, to  p ro tec t  the  a t m o s p h e r e  a r o u n d  
the  sample  agains t  ou tgass ing  o f  the  balance,  especially in  u l t r a -h igh-vacuum experi-  
ments .  T h u s  the  sample  s h o u l d  be total ly separa ted  f rom the  balance.  This  is possible  
by  a m a ~ e t i c  coupl ing ,  wi th  which  a fe r romagne t ic  b o d y  is k e p t  in free magne t i c  
suspens ion  by  a magne t .  T h e  b o d y  suppo r t s  the  balance pan ,  while the  m a g n e t  is 
suspended  f rom the  b e a m  o f  the  balance  proper .  Therewi th ,  t he  lines o f  force, which  
pass  t h rou~h  the  non -magne t i c  wall o f  the  recipient,  represent ,  so  to  speak,  a r ink in 
the  connec t ion  between the  sample  a n d  the  balance.  This  r ink t ransmi ts  the  weight  o f  
the  sample  t h r o u ~ t  the  c h a m b e r  wall w i thou t  friction. I t  is well k n o w n ,  tha t  free 
m.q~onetic suspens ion  o f  a f e r r o r n a ~ e t i c  body ,  in the  cons idervd  caz¢ prvfcrably it 
p e r m a n e n t  magne t ,  impfies a u t o m a t i c  contro l .  A commerc ia l ly  bui l t  magne t i c  
suspens ion  balance  (Saxtor ius -Gas t )  there fore  uses a con t ro l l ing  wind ing  a n d  a n  
induct ive  dis tance sensor  for  t he  a p p r o a c h  o f  a c o n d u c t o r  which  i s  f ixed to  the  lower  
m a g n e t  t. A n  auxil iary con t ro l  circui t  adap t s  the  d is tance  to  the  load.  A m a x i m u m  
load  o f  30 g is m e a s u r e d  wi th  an  accuracy  o f  10/zg.  

~u~l~IOD 

I n  o rde r  to  ex tend  t he  pr inciple  o f  t h e  magne t i c  coup l ing  i n t o  the  m i c r o g r a m  
range., the  weight  o f  t he  s t ructura l  e lements  ba~ to  be  drast ical ly  reduced .  Moreove r ,  
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the flexible leads to  the control  winding and  to  the sensor  are  inconvenien t  I t  is 
therefore  advisable to  fix the coil and the sensor  to  the casing o f  the balance_ In this 
case, it is to  be apprehended,  that  the field o f  the  coils exerts a dis turbing vertical 
force on to  bo th  carrying and suspended magnet.  This  effect can be  avoided b y  
combining two  measures,  o f  which the first is one  o f  design, the second  one  o f c o n t r o l  

technique. 
A rod-shaped magnet  is suspended f rom the balance,  keeping a second one  

underneath  in free suspension.  The  distap.ce o f  the poles is conver ted  into an electric 

signal, which, af ter  sufficient amplification causes a current  th rough the cont ro l  coil. 
As a first step, this coil is arran_~ecl symmetr ical ly  to  the poles o f  the magnet ,  thereby 
reducing the dis turbing force_ 

This is the first measure  to  reduce the corresponding error.  The  second consists 
o f  an a~Lxiliary circuit, which reduces the mean o f  the current  in the control  coil to  

zero by  in t e~a l  control .  Thus ,  the er ror  is reduced to  a permissible value. Fimare I 
shows the a r rangement  and  the cor responding  circuiL On  the left side. the pair  o f  
rod-shaped r n a ~ e t s  is visible, the upper  one  connected  to  the balance beam,  the 
lower  one  carrying the load. The  distance between the pole faces is electro-optically 
measured  and---at  first s i eh t - -k ep t  cons tant  by  a propor t ional  differential integral 
controller ,  which feeds the winding a round  the magnets_ The  winding is split to let the 
beam oflio~ht pass. Thus,  the posit ion o f  the lower magnet  is stabilized, while the upper  
one  is kept  at  cons tant  heizAat by the beam o f  the balance which is supposed  to  be  

se l f -compensa t ing  
It  is now interesting to  measure  the forces, which arc  exer ted  b y  the winding 

on to  the magnets,  f o r  this purpose  the coil is fixed to  the  pan o f  an electromagnet ic  

precision balance and  simply weighed, fol lowing Newton ' s  third law. 
Figure 2 shows the results. The  forces are  drawn as a funct ion o f  the  weight and  
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~ -  1. A new magnetic coupling for microbalances, a = Balan~ beam; b = upper n~o~ t ;  c ---- 
k~e r  magnet: d = control winding; e = photo~ll; f = position oontroller~, and g = integrator. + 
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Fig. 2. Force rela~onship with symmetry as parameter for a pair of rod-shaped ma~'~Ls in cylindrical 
coil. 

o f  the displacement o f t h e  magnets,  which are  cemented  to a spacer  and  a t tached  to a 
micromanipula tor ,  while the coil is excited by a direct  current .  I t  is to be seen, that  
the straight lines, representing the relationship between weight a n d  force change  their  
slope, when the  position o f  the pair  o f  magnets  is varied. In a certain position, the 
slope is zero, no  forces arise_ 

This step may  reduce the dis turbance to  the one  milligram range. The  next  step 
consists in the reduct ion o f  the current  th rough  the control  winding, when equil ibrium 
is reached. In Fig- I ,  it can be seen, tha t  the  cur ren t  th rough  the  cont ro l  winding 
produces  a siLmal v o l t a ~  across a cons tant  resistor. The  signal is fed to  the input  o f a n  
integrator  whose ou tpu t  h ~  a bearing upon  the input  o f  the position controL The  
distance o f  the two magnets  will therefore  vary in such a way, tha t  the cur ren t  th rough  
the control  winding disappears_ This is showTa in Fig. 3, which presents the  load 

applied to  the  lower  ma~aet ,  the posit ion o f  the mamaet, and  the current  t h rough  the  
coil as a funct ion o f  t ime. 

On application o f  a certain fixed load, the distance at first increases, then it is 
reduced to  a value below the  initial one. Cur ren t  is, a t  first, steeply r a i se~  then i t  
goes d o w n  to  zero. 
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Fig. 3. Load, posit/on and current in a magnetic suspension as a function of  tiara. 

Because the  effects o f  design a n d  con t ro l  mul t ip ly ,  there  is a just if ied hope ,  tha t  
the  new coup l ing  will indeed  be useful  for  exper iments  in  the  m i c r o g r a m  range.  
I n  o rde r  to  avo id  the  loss in symmet ry ,  b r o u g h t  a b o u t  by  a change  o f  load,  a helical 
sp r ing  o f  sui table  compf iancc  cou ld  be inser ted  in the  suspens ion  o f  the  u p p e r  magne t .  
T h e  a b o v e - m e n t i o n e d  c o m b i n e d  measures  can  also be appl ied  to  a m a ~ e t i c  coup l ing  
fo r  t o p  pa n  balan_,~s_~. 
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