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ABSTRACT 

A t h e r m o c o u p l e  has  been used  as t h e  suspens ion  in  a magne t i c  susceptibi l i ty  
balance.  Th i s  cons t ruc t ion  is descr ibed a n d  s o m e  m e a s u r e m e n t s  p rov id ing  a n  assess- 
m e n t  of  the performance o f  the balance are ~ v e n .  

I .~'I'RODUCTION 

O n e  o f  the  difficulties associa ted wi th  the  m e a s u r e m e n t  o f  pa r amagne t i c  
susceptibifities, especially when  these are  small ,  by  force  m e t h o d s  is t he  choice  o f  a 
sui table  m a t e r i a l  o f  app rop r i a t e  d imens ions  as a suspens ion  to  suspend,  t he  para -  
magne t i c  mater ia l  in the  magne t i c  field. T h e  so lu t ions  gene ra l l y  p rov ided  to  this  
p rob l em range  f rom fine qua r t z  f i laments  t h r o u g h  q)mrtz  tube  to  me ta l  t ube  a n d  
metal l ic  rod.  T h e  qua r t z  f i lament  suspens ion  offers the  closest  a p p r o x i m a t i o n  to  a free 
spec imen which  is a l m o s t  i sola ted f r o m  its su r round ings ,  so  t h a t  w h e n  i t  is used t he  
force m e a s u r e d  is effectively the  force ac t ing  on  the  spec imen  mater ia l  a lone  except  
when  the  spec imen  mater ia l  is avai lable only  in  smal l  quant i f ies  a n d h a s  a smal l  
susceptibili ty.  T h e  m a j o r  d i sadvan tage  o f  the  qua r t z  f i lament  suspens ion  is t h a t  the  
t emp e r a tu r e  o f  the  spec imen  can  be m ~ s u r e d  only  by  p l a c i n g a t h e r m o m e t e r  (general ly 
a t h e r m o c o u p l e  j u n c t i o n )  close to  the  spec imen  m a t e r i a l  W h e n  tube  suspens ions  are  
used,  the  spec imen  is general ly enc losed  in s o m e  f o r m  o f  spec imen  box, a n d  the  
t emper  -~ure o f  the  box  is m e a s u r e d  by a t h e r m o m e t e r  in  the rmal  con tac t  With it. 
Since the  spec imen  is likely t o  be  in fair  t he rma l  con tac t  wi th  the  box,  it  is qu i te  
reasonable  to  expect  t ha t  t he  measu red  t empera tu re  o f t h e  box  is tha t  o f  the  sP~i 'men .  
T h e  tube-spec imen box  system,  however ,  involves a large quan t i t y  o f  " b a c k g r o u n d  
mate r ia l "  wh ich  gives rise to  forces .;n a~ddition to  the  force ac t ing  o n  the  ~ n  
mater ia l :  the  spec imen  force  m i g h t  even  be sma t l  in c o m p a r i s o n  wi th  the  " b a c k g r o u n d ' "  
force. Th i s  type  o f  suspens ion  a lso  involves the  n _ ~  i ty o f  ca l ibra t ion  in the  absence  
o f  a spec imen  a n d  the  a n n o y a n c e  o f  hav ing  t o  sub t rac t  t he  ~ ' 'background:" force  
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(which  m a y  vary  apprec iab ly  wi th  t empera tu re )  f rom every force  m e a s u r e d  d u r i n g  a 
set o f  measuremen t s .  

METHOD 

T h e  p u r p o s e  o f  this p a p e r  is to  describe a force measu r ing  system, which  
represents  a so lu t ion  to  the  suspens ion  p r o b l e m  which  is a c o m p r o m i s e  p rov id ing  
s o m e  o f  the  advantaZes  o f  b o t h  tube -box  a n d  f i lament  suspensions .  T h e  basic  idea  
is s imply  t ha t  the  t he rmocoup le ,  which  is m a d e  f r o m  fine wires, acts  as  a f i lamentary  
suspension.  T h e  specimen,  in the  fo rm o f  a cyl inder  wi th  a n  axial hole ,  is loca ted  a t  
the  t h e r m o c o u p l e j u n c t i o n  a n d  s u r r o u n d s  it, so t h a t  t he  t e m p e r a t u r e  measu red  by the  
t h e r m o c o u p l e  is the  t em pe ra tu r e  ins ide  t he  spec imen.  Th i s  conf igura t ion  was  used  
because t he  capaci ty  o f  t he  C a t m  R G  elec t robalance  used  as  a force  measu r ing  device 
w ~  1 g. T h e  t h e r m o c o u p l e  was a t t ached  to  t I~  centra l  p ivo t  o f  t he  ba lance  a n d  t aken  
a long  the  weighing  a r m  to  the  suspens ion  poin t :  i t  was  g lued  in pos i t ion  there  a n d  
h u n g  vertically d o w n  f rom tha t  po inL  In  o rde r  to  avo id  the  difficulty t ha t  i t  m igh t  n o t  
hang  vertically, the  t h e r m o c o u p l e  ~i res  were twisted together .  A n  a l u m i n i u m  weight  
p an  w~s g lued  to  the  t h e r m o c o u p l e  n e a r  to  the  suspens ion  po in t  to  p rov ide  a p l a t fo rm 
o n  which  ca l ibra t ing  weights  cou ld  be  placed.  T h e  t h e r m o c o u p l e  wires ex t ended  well 
below the  t h e r m o c o u p l e  junc t ion ,  a n d  the  spec imen was pos i t ioned  so  t h a t  the  
j u n c t i o n  w~as as its centre ;  the  spec imen  was s u p p o r t e d  by  a small  b lock  o f J o h n ~ o n -  
Ma t the y  Specpure  coppe r  which  had  two mutua l ly  pe rpend icu la r  holes  dri l led in  it. 
T h e  t h e r m o c o u p I e  wires passed t h r o u g h  one  o f  these  holes  and  the  o the r  car r ied  a 
co t te r  p in  o f  Specpure  c o p p e r  w H c h  held t he  c o p p e r  b lock f irmly o n  t h e  t h e r m o c o u p l e  
well below the junction. 

T h e  t h e r m o c o u p l e  used  was 0-03~0 F e - A u / C u ,  the  wires being o f  0.08 m m  
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F ~  1. The r~htive s~__~pu~ "bilities (7./Z~0) of  tantalum and niobium. The 1 i ~  rcprc~mt results 
in  thi~ iaborazory  a n d  the  o p e n  c~-c!es rcprcsen[ p o ~ t ~  for  n i o b i u m  t ~ , ~  f rom the  w o r k  

o ~ r ~  az~ ~ .  TI~ clotted f f ~  ~ t  the s~ndazd deviation of 0.4 ~ f r~a  the equation 
of  the line for t~. rela~,~ - _~p~_ ffbifiw of  tantalum given by Hoa:~ ¢t a13. 
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diameter ,  a n d  enamelled_ The  force acting on  this thermocouple  (and  copper  block)  
w a s  f o u n d  t o  b e  s~nal! a n d  v a r i e d  t i t t le  w i t h  t e m p e r a t u r e ,  r a n # r i g  f rom 30 ItS a t  r o o m  
tempera ture  to 32 pg  at  77K. This  force was abou t  ½ ~o o f  the  total  force measured  
and  its variat ion o f  the order  o f  0.03 %- The  thermocouple  was calibrated for  tempera-  
tures dov,Ta to  77K by immers ing the junct ion  in freezing mixtures and  liqnid ni t rogen 
whilst it was suspended f rom the balance. The  magnet ic  field used in the  measurements  
was produced  by a Newpor t  7" electromamaet; the current  supply to  the  magne t  was 
stabilized to a t  least one  par t  in 10 ¢, providing a cons tant  cur ren t  o f  abou t  10A 
producing a central  field o f  abou t  7500 oe. 

The  per formance  o f  this equipment  can be judged  f rom the results o f  measure-  
meals  made  on  some s tandard  materials whose susceptibilitic~ have been measured  
independent ly  in the tempera ture  range 300-77K. Two  such materials are  t an ta lum ~ 
and  niobium z. H o m e ' s  results for  tan ta ium were presented as a least squares fitted 
quadra t ic  form o f  the relative susceptibifity (7_/Zz93) with a s tandard  deviation o f  
0.4~/~ this is compared  with measurements  made  on a specimen o f  Johnson-Mat they  
" 'Speepure" tan ta lum in this labora tory  in F i g  1, whence it is seen that  these results 
fall within the  s tandard  deviation o f  Hoare ' s  results (shown by the dot ted lines). 
Since the mass susceptibility o f  tan ta lum is 0.849 - I 0 -  6 g -  ~, the agreement  here is to 
within abou t  3 - 10 -~  mate  susceptibility units at  77K, and  generally considerably 
better. The  Asmussen-Sol ing results are more  difficult to interpret  since they present a 
m ~ n  square fit to their  results, but  omit  any  ment ion  o f  the s tandard  deviation_ 
The  points marked  for n iobium in l i d  I are  taken f rom the Asmussen-Sol ing  line. 
but  when it is recollected that  the mass susceptibility o f  n iobium is o_.3 - 10-6 g-l, 
it is seen that  the deviations between these results ( for  Specpure n iobium)  and  those 
o f  Asmussen and  Soling correspond to abou t  10-s  mass su_s~:eptibility units a t  771C 

The  accuracy o f  tempera ture  measurements  can be judged  f rom the results 
shown in l i d  ~ o f  measurements  which were made  on ch romium (SN) supplied by 
Metals Research Ltd. The  specimen was machined  f rom a cold hear th  melted poly- 
crystalline rod  and measured in the "'as _rece__ived'" state. It was then annealed  in an  
A.C. furnace,  in s~acuum, at 1000°C for  a week and slow cooled (30°C h-~) .  This  
anneal ing led to  marked  ~ n  g r o ~ h  and  orientat ion which produced  a discontinuity 
in the susceptibility at  the spin flip t empera ture  in fur ther  measurements ,  T h e  spin 
flip tempera ture  was measured as ! 23.5K whilst that  given by Pepper  a n d  Street  is 
IZ3K. The  appearance  o f  curve B which is a lmost  identical with tha t  o f  Pepper  and  
S t r u t ' s  ( 110 )  measurements  3 suggested tha t  a different fo rm o f  z - T c u r v e  might  be 
obtained by rot~ting the specimen th rough  45 ° abou t  its axis. T h e  resulting z - T c u r v e  
(curve C in Fig. 2) can be explained qualitatively in terms o f  the antiferroma~onetic 
domain  s tructure and  grain or ientat ion o f  the  chromium.  
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