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INTRODUCTION 

In a recent paper by Sc i . a~m~Tel la  and Chiang [l]:: t he  effect of a 

gap between gratings with no r o t a t i o n a l  mismatch under the  illumination 

of incoherent d i f fused l i g h t  wzs examined and an equation derived, which 

gives t h e  f i c t i t i o u s  s t r a i n  as a f ~ n c t i o n  of 

3 2 - A z  r ahz - + ( - ar %=s- Z ar 

i11 which E r  = apparent  s t r a i n  from the  m ~ i r e ' ~ a t t e r n  i n  the  direct ion 

of r. 

r = d l s t ance  measwed from the o p t i c a l  axis  of the  camer3a i n  

the d i r e c t i o n  no'rii:al t o  the  grat ing l ines .  

u = displacement i n  the  d i rec t ion  of r. 

z = d i s t ance  bepzeen camera l ens  and master grating. 

Az = gap between master and model gratings. 

Figure ( 1 )  gives t he  schematic diagram of the experimental set-up. 

Txperinental evidence for  t%e val.idity oC t h e  equation was furnisheC i n  the 

paper f o r  a s p e c i a l  case  tihere the  gap is  constant and therefore the  swond 

t e r n  on t h e  r i g h t  s i d e  of equation (1 )  drops out  automatically. The purycse 

of t h e  p resen t  paper is  t o  t e s t  the  v a l i d i t y  of the  equation for cases where 

the  second tern is not zero.  Examples chosen f o r  the  study are l inea r ly  

varyirtg gaps. The fact t h a t  r appears i n  the  equstion, implies t h a t  the 
I 

pos i t ion  of o p t i c a l  a x i s  of t h e  camqra should play an important in the 

i n t e r p r e t a t i o n  of p a t t e r n s .  

---- -- 
fi Numbers in brackets designate references a t  t h e  end of 'he paper* 

I 
5" In  reference  111, x ins tead  of r is used* 



APPROACE TO THE PRORL,EI-5 A N 3  EXPERIMEIIThL SE'I-UP ---- ---- ---- -. 

In  o r d e r  t o  avoid t h e  inaccuracy usua l ly  associated with g x a ~ h i c a l  

or numerical d i f f e ren t i - a t ion ,  another  forin of equation (1) 3.s chos5n f o r  the  

ana lys i s ,  i .e. 

Az 
U = P- u - Az 

Or' - - -  
2 r Z 

which, by d i f f e r ~ n t ~ a t l o n ,  gives equation (1). It stlould be noted t h a t  r - 
t h e  d i s t a n c e  measured from t h e  o p t i c a l  ax i s  normal t o  the  gra t ing linesf: - 

i s  always a p o s i t i v e  quan t i ty  because of t h e  axially syrr.netricn1 n r o e r t y  of a 

lens .  

The experimental set--up as shown i n  Fig.  1 i s  t h e  following: an 

e igh t  inch by t e n  inch g l a s s  p l t t e  master g r a t i n g  of 300 l i n e s  p e r  inch i s  

e rec ted  perpendicular  t o  t h e  o p t i c a l  a x i s  of  the  camera a t  a c e r t a i n  d is tance  

z away. It can be  seen from equat2on (1) t h a t  as z approaches i n f i n i t y  

t h e  f i c t i t i o u s  s t r a i n  approaches zero. Therefore, usual1.y i n  p rac t i ce  z 

should be kept  as l a r g e  as poss ib le  i n  order  t o  reduce the  f i c t i t i o u s  s t r a i n .  

For- t h i s  expcri.ment, however, z is kept  r e l a t i v e l y  small s o  t h a t  t h e r e  are 

more fringes i n  the f i e l d  t o  render an accura te  analys is .  The camera is 50- 

cused on t h e  p lane  o f  t h e  master gra t ing .  An i d e n t i c a l  second g ra t ing  (a l so  

of e i g h t  inch by ten inch g l a s s  p l a t e )  i s  then erec ted  with l i n e s  pa ra l l e l .  

t o  t h e  master  but s l i g h t l y  inc l ined.  The first s e t  of ex~er imen t s  were run 

w2th t h e  gap varying from zero on one end t o  0.238 inch on the  o the r  ( a  s lope 

of 0.0238). The moirg pattern thus  formed consists of a  s e t  of p a r a l l e l  

f r i n g e s  with a v a r i a b l e  spacing. In  Fig. 2 ,  t h e  moire/ pa t terns  of t h e  same 

arrangement photographed w i t h  o p t i c a l  ax i s  o f  t h e  camera a t  three d i f f e r e n t  

@ 

J:Actually r could be  along d i r e c t i o c ; . i t  is because t h a t  moire f r i ~ g e s  
measme displacen~ents  i n  t h e  d i rec t ion  normal t o  the  grating l i n e s  t h a t  
r is so def ined here in .  



pos i t ions  a r e  shown: case  I ,  o p t i c a l  a x i s  iwar aaximm gay; case 11, op t i -  

cal a x i s  near c e n t e r ;  and case 111, o p t i c a l  a x i s  neax) minimu. gap. P.S can 

be seen, t h e  effect of t h e  pos i t ion  of o p t i c a l  a x i s  on the  appezrance of t h s  

' $ 
moirg p a t t e r n s  Sn very pronounced. It shvdld be noted, how eve^, t h a t  t h e  

displacements of t h e  o p t i c a l  a x i s  are only along t h e  d i rec t ion  of r. With.  

t h e  present arrangement of gra t ings  displaceriients along the  d i r e c t i o n  p a r a l l e l  

/ t o  the g r a t i n g  l i n e s  w i l l  not change t h e  moire p a t t e r n ,  because t h e r e  i s  no 

perspective effect i n  t h i s  d i rec t ion .  

DATA AMALYSIS AND RESULTS - -- 

/ The displacement curves corresponding t o  the  moire p a t t e r n s  of Fig. 

2 are plot ted.  i n  Fig. 3 from wbich u/r is computed t o  y i e l d  h z / z .  I t  

should be noted i n  order ing  f ~ i n g e s  t h a t  i n  t h i s  study is t h e  absolute  

displacemen-t: representei! by the f r inges  t h a t  a r e  of i n t e r e s t .  From equatior. 

(21, it is seen that u must be 2er.o when r is zero. While it would be 

i d e a l  to have a f r i n g e  loca ted  a t  the  point  where the  o p t i c a l  a x i s  i n t e r s e c t s  

t h e  p a t t e r n ,  i n  most cases  t h z  point of i n t e r s e c t i o n  is soinewhcre between 

two fringes". I t  is, t h e r e f o r e ,  necessary t o  s h i f t  the  abcissa  i n  order  t o  

accommodate t h e  condi t ion  ( i . r .  u=O a t  r = 0 ) .  Successively increas ing or- 

ders  should be  ass igned t o  t h e  f r inges  as r increases  u n t i l ,  when t h e r e  is 

a  change of s i g n  [21 as in cases I and I1 of Fig.  3. When t h e  o p t i c a l  a x i s  

i s  outs ide  t h e  f i e l d  it is a l s o  necessary t o  consider  the  boundary condit ion.  

For exaqple, i n  case I11 of  Fig. 3, i n  addi t ion  t o  u=O a t  r = O ,  it is  ne- 

cessary t o  have u=O a t  x=O, because where Az' is zero. 

The experimental  r e s u l t s  of Az/z obtained from Fig. 3 using eq. 2 ,  

a r e  p l o t t e d  i n  the lower p a r t  of Fig. 4, and conpared with t h e  measured bz/z. 

------ -- 
fi I t  is always possible of course t o  e i ther  s h i f t  t he  fringe C31 o r  t h e  cane- 
ra i n  such a wav tl1a.t $:he opticaJ. a x i ~  i n t e r s e c t s  a yeyo orqer_ f r inge .  



The agreement is v e r y  good. I t  is a l s o  i n t e r e s t i n g  -to note  t h a t  while the 

4 pos i t ion  o f  o p t i c a l  a x i s  does inf luence  the  appeararlce of n ~ i n a  pat tern,  it 

has no effect on t h e  end r e s u l t s ,  i . e .  Az/z, computed from the  pat tern.  

However, from t h e  p o i n t  of v i en  of having more d a t a  points  f o r  p lo t t i ng  the 

displacement  c u r v e - i t  is advantageous t o  p lace  t h e  o p t i c a l  a x i s  a t  the mini- 

mum gap as i n  case I11 of Fig.  3. 

# Another method t o  inc rease  t h e  f r i n g e  dens i ty  of  a no i r e  pattern 

is t o  i n t r o d u c e  an equ iva l en t  mismatch. This is  accomplished by siqerposinq 

a un i fo rn  gap throughout  t h e  f i e l d .  An example is  given i r i  Fig. 5 where a 

uniform gap o f  0 .233 inch  i s  added t o  case I1 of Fig.  3 where t h e  opt ica l  

a x i s  is n e a r  t h e  c e n t e r .  It is seen t h a t  the nw. le r  of f r i nges  is consi- 

derably  inc reased ,  The corresponding dispiacement cwve  is a l s o  plotted in  

Fig. 5, whereas the computed Az/z t oge the r  with t h e  a c t u a l  one is shown 

i n  t h e  upper  p a r t  of Fig. 4. This "mismstch" teclmique of  irlcreasinq fringe: 

d e n s i t y  is  usefi l l ,  because i n  most cases  t h e  moire/ pa t t e rn  occupies the 

whole f i e l d  of  camera Lack and it is imprac t ica l  t o  place t h e  optical.  axis  

a t  t h e  optimum p o s i t i o n .  

CONCLUSIONS AND DISCUSSIONS --- 

#- 

I t  may be concluded t h a t  t h e  v a l i d i t y  of t h e  moire gap equation i s  

f u r t h e r  s t r eng thened  by t h e  a d d i t i o n a l  experimental evidence presented here- 

i n .  The u s e f u l n e s s  of  noire/ gap equation is  threefo ld :  it can be used t o  

estimate t h e  e r r o r  caused by the out  of plane deformation of a model under 

plane stress; it can be applied t o  t ake  i n t o  account the  e f f ec t  of a constant 

gap when in some c a s e s  t h e  master  g r a t i n g  has t o  be D laced sone distance 

away from t h e  model [ h ] ;  and it renders  i t s e l f ,  i n  t he  form of e q  ( 2 ) ~  as 

a Re* means t o  s t u d y  t h e  d e f l e c t i o n  of p l a t e s  and r e l a t ed  problems* 
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Fig. 3 ~isplaceflent Curve P l o t t e d  from P a t t e r n s  in f ig .  1 
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Fig. 4 Comparison of the Experimental Data Poin t s  and the Actua l  Gap 
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. Fig. 5 Moire Pattern and Corresponding Displacement Curve 
£OF TVIQ Gratings with Linearly Varying Gap 


