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M E A S U R E M E N T  OF T H E  R E L A T I V E  D E F L E C T I O N  
OF T W O  T O R S I O N  B A L A N C E S  IN T H E  10 -9 RAD 
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Using a simple method,  a d.c. signal sensi t ivi ty  of about  0 ,3X10 -9 A/10 -~ r ad  was 
achieved in an appara tus  designed for the  measurement  of the relat ive deflection of two torsion 
balances.  This degree of sensi t ivi ty  allows the  E6TV6S exper iment  to be repeated  wi th  greater  
accuracy t han  has been a t t a ined  hi therto.  Signal sensi t ivi ty  can be raised fu r the r  by  common 
electronic methods.  

Higher  accuracy repeti t ions [1, 2] of  the famous E5tv5s  exper iment  
concerning the equivalence of gravi ta t ional  and inert ial  mass [3] a n d a  number  
of  recently published papers  [4--7]  have b rough t  gravi ta t ional  research into 
the  foreground of modern  physics. A newer repet i t ion of the E6TVSS experi- 
me n t  in H u n g a r y  requi red  the registrat ion of changes in the angle difference 
between two torsion balances [8]. This was achieved b y  compara t ive ly  simple 
means,  using a sui table optical a r rangement  a n d a  laser source. This paper  
presents  a br ief  descript ion of the method.  

Known methods  for measuring the deflection of a mirror have  unti l  now 
employed  photoelectr ic  autocoll imators ,  which can a t ta in  sensitivities of  about  
10-7- -10  -s rad,  bu t  only  if  mirror  diameters  of about  40 m m  ate used. R. 
HAKr~ER [9] proposed to use ah optical  pa th  length  of 15 m a n d a  cont inuous 
3 W laser souree. 

In  our me thod  two torsion balances (Fig. 1) consisting of the masses 
M 1 -  Ma, respect ively,  were placed a distance 820 mm apart .  The  relat ive 
angle difference --~v - -  of the two mirrors 7'1, T 2 a t tached  to the two balances 
had to be measured wi th  a sensit ivi ty of 10 -9 rad. A serious problem arose, 
however,  because the  var ia t ions of the gravi ta t ional  field s t rength  at  the 
measuring place can make  the balances def lect  s imul taneously  as m u c h a s  
10 -5 rad. 

The most  suitable me thod  of overcoming this strong " b a c k g r o u n d  noise" 
seems to be the famil iar  "opt ica l -wedge"  - -  mirror  a r rangement .  In  this 
a r rangement  the deflect ion angle of the incident  light beam depends only on 
the  value of ~. To de te rmine  the var ia t ion  of ~ (viz. the var ia t ion  in the  deflec- 
t ion �91 = 2~ of the exit  beam),  a pair  of silicon photode tec tors  Dl, D,, was placed 

* Dedicated to Prof. L. J�93 on his 60th b i r thday .  
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at  a given distance (1) into the exit  beam, and the displacement  of the spot on 
the detec tors  was measured by  the  difference signal produced.  

Ano the r  problem was t h a t  the  sensit ivi ty of the balances had pe rmi t t ed  
the use of  only a very  thin l ibre,  which means tha t  the  d iameter  of the mirrors  
is l imited and thus diffraction of the  light beam is considerable.  Taking into 
account  all the  different aspects, a mirror  d iameter  of 20 mm a n d a  free aper ture  
beam of A ~ 15 mm were chosen. The measuring room permi t t ed  a l ight p a t h  
of l ~-- 5000 mm on the exit  side, so tha t  the displacement  of the spot was 
10 -~ mm. The sensit ivity of the silicon detector  was 0 .6--0 .8  t~A/#W, tha t  of  
the recording ga lvanometer  0.3 �9 10 -9 A. The required  to ta l  in tens i ty  of the  
measuring spot was about  0.3 mW.  The t r ansmi t t ance  of  the optical sys tem,  
including losses by  lenses, windows and a second reference beato (described 
below), was 0.2 and thus  the  in tens i ty  of the incident  beam 1.5 mW. 

For  an object ive lens (L1) having  a focal length  of 840 mm, the opt imal  
source d iamete r  (a) is about  0.1 mm.  The  energy dens i ty  in the pinhole aper ture  
must  therefore  be 20 W/cm 2, which can be achieved only  wi th  a laser source. 
For  this purpose a 2 mW H e - - N e  laser was used. The  632.8 nm wavelength  
light was focused into the pinhole aper ture  by  a 1ens (L2) wi th  a focal length  of 
110 mm. This telescope system secured ah ideal (Gaussian) l ight dis t r ibut ion 
for the measuring beato. 
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The role of  the  reference beato coupled out  of  the s emi - t r anspa ren t  mi r ror  
H was to e l iminate  errors  ar… f rom possible small  d i sp lacements  be tween  the  
separa te  stone blocks suppor t ing  the  opt ical  e lements  and detectors .  The  
reference spot  fell on a second de tec tor  pair  D3, D 4 and the two de tec to r  pairs  
were connected in such a way (Fig. 2) t h a t  a s imul taneous  d i sp lacement  of  
b o t h  the measur ing  and the  reference spots did not  affect  the measur ing  signal. 
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C a l i b r a t i o n  o f  t he  t o t a l  s y s t e m  up  to  10 4 r a d  was  p e r f o r m e d  w i t h  a 

H i l g e r  a u t o c o l l i m a t o r  o f  10 -6  r a d  s e n s i t i v i t y .  D e v i a t i o n s  f rom I i n e a r i t y  c o u l d  

be  o b s e r v e d  a b o v e  10 -5 r a d .  F o r  c a l i b r a t i n g  t h e  h i g h - s e n s i t i v i t y  r a n g e  a 

60 o h o l l o w  (air)  p r i s m  was  p l a c e d  in t h e  i n c i d e n t  b e a m  a n d  t h e  d e v i a t i o n  

ins ide  t h e  p r i s m  was  v a r i e d  b y  a i r  p r e s su re .  

T h e  w h o l e  s y s t e m  of  o p t i c a l  r a y  p a t h s ,  b a l a n c e s  a n d  d e t e c t o r s  was  p l a c e d  

u n d e r  a s e p a r a t e  sh ie ld  to  p r o t e c t  i r  a g a i n s t  h e a t  a n d  a i r  t u r b u l e n c e .  C o n t r o l  

a n d  r e g i s t r a t i o n  o f  a i r  p r e s s u r e  c h a n g e  were  c a r r i e d  o u t  f r o m  a n o t h e r  r o o m .  

T h e  b a l a n c e  ( w i t h o u t  sh ie ld )  and  t h e  r a y  p a t h  a r o u n d  t h e m  are  s h o w n  in  

F ig .  3. 

I n  t h e  course  of  t h e  c a l i b r a t i o n  i n e a s u r e m e n t s  o f  t h e  a p p a r a t u s  a d .c .  

s i gna l  s e n s i t i v i t y  o f  0.3 10 -9 A/10  -9 r a d  was  a c h i e v e d ,  w h i c h  agrees  well  w i t h  

c a l c u l a t e d  v a l u e s .  
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H3MEPEHIdE OTHOCHTEdlbHOI-'O OTIK.YIOHEHH~ ,I2BYX IKPYTHTIbHblX 
BA5IAHCOB B ,I~HAIIA3OHE ttYBCTBHTE.rIbHOCTH 10 -9 PA,/~ 

[-(. I-(AHTOP, 37. O)K/][YtHFI, M. FIMFIO H lYl. POHAIKH 

PestoMe 

C HOM0tqb~O CpaBHHTeJ]bH0 Hec~0:¡ MeTOAa B a n H a p a T e ,  C03~laHHOM ~IJ]~ rt3MepeHrt~ 
OTHOCHTeJIbHOFO OTKJIOHeHH.q XByX KpyTHJ]bHbIX 6a~aHCOB, £ noJ1yqeHa qyBCTBHTeJlbHOCTb 
CnFHana npaMoro ToKa B 0 , 3 F  10 - a  A / 1 0  -a .  .'=)Ta CTeHeHb qyBCTBHTeJ]bH0CTH II03BOJl~qeT IIOBTOo 
pHTb OIIblT ~)TBema c 6o.rlblJ./e,~ TOqHOCTblO. L{yBCTI3HTe3IbH0CTb t,( Cm'Ha~ay MO¡ noBb~maTb ~a.nee  
c FIOMOII~IO O‰ 3YleKTp0HHblX MeT0~0B. 
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