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ABSTRACT 

A new arrangenent of the optical com9onents of the ~ i ~ t e n b e r ~  

reflective moire' method is proposed the line density of the 

reference grating can he varied. continuously. As a result the sensj- 

tivity of the method can be changed at trill to suit the ~articul~r pro- 

blem under study. 



The Lig tenberg  r e f l e c t i v e  moire1  nethodt l . l*  i s  c e r t a i n l y  one of  t h e  

b e s t  techniqraes f o r  t h e  s tudy  of  t h e  bending of p l a t e sL2J .  By 1.ra.y of  analoq;v 

it can a l s o  b e  used f o r  t h e  s tudy  of  two-dimensional s t r e s s  problems[31. 

D i r e c t i o n s  of p r i n c i p a l  moments i n  a f l exed  p l a t e  o r  p r i n c i p a l  s t r e s s m  i n  

a two-dimensional problem can a l s o  be obta ined  from t h i s  method with l i t t l e  
I 

~ a r i a t i o n [ ~ ~ l .  .. 

The o p t i c a l  arrangement of Lig tenberg ' s  method v a . ~  in-oroved by Reider  

and f , j . t t e r r57  by in t roduc ing  a p a r t i a l  mi r ro r  between t h e  model. and t h e  .g'&.ting. 

By s o  doing a p l a n e  g r a t i n g  can h e  used i n s t e a d  o f  a cy l ind r i ca l .  q r a t i n g  3,s 

used  by Ligtenberg f o r  s i q i l i f y i n p .  t h e  a n a l y s i s  ,and it is  a l s o  e a s i e r  t o  use 

h i g h e r  d e n s i t y  p r a t i n g s .  Pdvantages of' t h e  P i 6 L c r  and R i t t e r  arrangement r r e  

summarized by ~ h e o c a r i s r 6 1  . The i r n ~ r o v e ~  versioi? of' t h e  method was l a t e r  

used  by ~ e i s e c 7 1  f o r  o3 ta in ing  d i r e c t l y  curva.tWe contours  of  flexed p l a t e s .  . 
The g r e s e n t  pape r  o f f e r s  y e t  ano the r  i ~ ~ ~ o " r c r e n t  t o  t h e  o n t i c a l  arrangement 

whereby t h e  s e n s i t i v i t y  of  t h e  metkod can Ye changed a t  w i l l .  

T I 3  T;iTJ OPTICAL kRRPJTGZF~W??T AXD RFFITLTS : 

The new o p t 5 c a l  arrangement o f  t h e  system i s  shown i n  F i c .  1, where a n  

o r d i n a r y  s l i d e  v ro2ec to r  p r o j e c t s  t h e  image of a g r a t i n g  on to  a l a r g e  gronnd 

g l a s s .  Th i s  h a g e  is t h e n  t r a n s m i t t e d  v i a  a  45' o r i e n t e d  p a r t i a l  mi r ro r  t o  

t h e  model ( f l exed   late) an8 r e f l e c t e d  back t o  a  r eco rd ing  camera whose o n t i c a l  

axis i s  pe rpend icu la r  t o  t h e  o r i g i n a l  > l a t e  p l a n e .  The only d i f f e r ence  -re- 

tween t h e  p r e s e ~ t  arranp,erl?.ent end t h a t  of F i e4e r  and S i t t e r  i s  t h a t  i n s t e n 2  of 

" Numbers i n  b r a c k e t s  i n d i c a t e  r e f e r e n c e  a,t t h e  end o f  paner. 



n g r a t i n g  of  f i x e d  l i n e  d e n s i t y  p l eced  i~ f r o n t  of a diff'used l i p h t  

source ,  a grotlnd g l a s s  v i t h  pro,iec+,ed g m t i n p  inage i s  used,  ?J i th  thi.s 

arramgement t h e  l i n e  d e n s i t y  of t P e  g r a t i n s  (vhiclr 5s  c i i rec t ly  r e l a t e d  t o  

t h e  s e n s i t i v i t y  of t h e  rnettio&) can be  chanped cont inuous ly  and at t r i l l  ~ ~ i t h -  

out  dis tur ' t? inc any o t h e r  component of t h e  svs t e~n .  The l i n e  d e n s i t y  of' t h e  

image g r a t i n g  on t h e  ground g l a s s  can Fe va r i ed  Py any of t h e  follo~ain,r:  Fro- 

c&-nres: ( 1 )  i f  t h e  s l i d e  p r o . j ~ c t o r  has  a "zoo-il" l e n s ,  t h e  l i n e  d e n s i t y  

can h e  changed by slmaly t u r n i n g  t h e  l e n s  t o  v a r y  i t s  p o s i t i o n :  (21 i f  

t h e  s l i d e  p r o J e c t o r  does not  have a "zoom" l e n s ,  magni f ica t ion  can be e a s i l y  

v a r i e d  by changing t h e  d i s t a n c e  of  t h e  proSector  f r o 3  t h e  ground glass; 

( 3 )  t h e r e  a r e  s l i d e  p r o j e c t o r s  wbich provide  lenses  of d i f f e r e n t  f o c a l  l eng ths .  

Then magn i f i ca t ion  can he changed by us ing  d i f f e r e n t  ~ r o j e c t h g  l e n s ;  and ( 4 )  

g r a t i n g s  of  d i f f e r e n t  l i n e  d e n s i t i e s  can b e  used i n  t h e  pro2ector .  

As a d e a o n s t r a t i o n  of  t h e  v e r s a t a l i t g  of t h e  new a r r a n ~ e m e n t  a  c i r c u l a r  

p l a t e  wi th  f i x e d  boundary under uni formly  d i s t r i b u t e d  t r a n c v e r s e  load  b r a s  

used .  F ig .  2 s h o ~ . ~ s  t h e  p i c t u r e  o f  t h e  dou3le-exposured mojre '  p a t t e r n s .  The  

l oad ing  was t h e  same *or a l l  t h e  t h r e e  c a s e s ,  on ly  t h e  l i ne -dens i ty  of  t h e  image 

g r a t i n g  vas v a r i e d .  ?!he v a r i a t i o n  tras achieved by chanpinp the  d i  s t ance  he- 

tween t h e  ground glass and t h e  s l i d e  p r o J e c t o r .  The g ra t tng  of 100 l ~ i  w : ~  

p r i n t e d  on a  p i e c e  of Kod~k, High Resolu t ion  P l a t e  c u t  t o  fit t h e  l a n t e r n - s l i d e  

p r o j e c t o r  uscd ( i t  i,s a l s o  p o s s i b l e  t o  u se  a 35m - s l i d e  p r o j e c t o r ) .  IIote 

t h e  num3er of  f r i n g e s  i n  t h e  field was consideraJ21y inc reased ,  from fou r  

i n  F ig .  2(aJ t o  ten i n  Fig. 2 [ c )  . It I s  y s s i b l e  of  course  t o  o b t a i n  Innnyi more 

f r i n g e s  i f  s o  d e s f r e d  by i n c r e a s i n g  even nlore t h e  l i n e  d e n s i t y  o r  t F e  5 1 ~ ~ ~  

g r a t i n g .  Ea;.reuer, ca re  n u s t  be  exce rc i sed  t o  t h e  fol.l.owinl: fa .c tors  : r ~ t ,  t h e  



i l l m i n a t i o n  on t h e  ground g l a s s  tends  t o  becone nonunl fom i f  t h e  p r o j e c t o r  

i s  t o o  c l o s e  t o  i t .  T9e in tens it:^ of t!?e proq?ectin,y l i q h t  i s  higher  n t  %?he 

c e n t e r  as eviaencec? by t h e  p i c t u r e  i n  Fl!?. % ( c ) .  Second, t h e  c o n t r a s t  oC t11c 

p ~ t t e r n  i s  usua1l.y reduced t.?hen t h e  f r i n g e  i s  t o o  dense. (T1-1.e c o n t r a s t  of 

course  i s  a l s o  reduced i f  t h e  i l l m i n a t i o n  i S  no t  uniform). A .r.ray t o  j.mnrovct 

o o o r - c o ~ t r a s t e d  moire '  p a t t e r n s  i s  t o  e l l ~ i n a t e  the background P i~ch t  throu(~12 

o p t i c a l  s p a t i a l  f i l t e r i n g  C8 ,jl . An e x m n l e  i s  g5.ven i n  Fin. 3 ~ r h e r e  t he  same 

p l c t u r e  zs i n  F:".g. 2 ( c l  is sho5.n artth enhanced con t3 ra s t .  

4-DVMITAGn.'S OF TKE I?? ARRPJiCEYIP?yT : 

J f  t h e  l i n e  d e n s i t y  o f  t3e grat i -ng ? s  f i x e d  as i n  t h e  L j g t e n % e r ~  and 

Fieder-D!tter arranyements ,  one might run  i n t o  a s i t u a t j o n  where t h e  r e s ronsc  

o f  a model i s  Loo m a l l  ( l o r  e:raxlrzle, tT-e p a t t e r n  shosrn i n  Fig. .?(a! ) t o  

r ende r  a meaningful  a n a l y s i s .  It may no t  be easy t o  Tncrease t h e  s e n s i t i v i t y  

of the s:.~stern. With t h e  p r e s e n t  arrz.ngernent one can alr,rays vary the s e n s i t i v i t y  

cont inuous ly  and almost v i t h o u t  e f f o r t .  Furthermore, i n  t h i s  system one e n  

place d i f f e r e n t  t y n e s  o t  g r a t i n g  i n t o  t h e  s l i d e  pro, jector  s o  as t o  s u i t  t h e  
*?. 

problem a t  kznd b e s t .  For example ,c i rcu l .a r  o r  r a d i a l  g r a t i n g  may F e  use4 "'or 

pro3lems of a x i a l  s;rmmetry and c ros s -g ra t in?  m z y  be  used t o  oh tz in  t ~ ? o  fttnlilie:: 

o f  mo i re '  p a t t e r n s  s i rnal taneously.  It mzy a l s o  be mentioned t h a t  g r a t t n ~ s  u5ric! 

i n  t h i s  system a r e  very  small (on ly  a fetr square  i n c h e s )  i n  c o a p r i n o n  t r i t h  tile 

l a r g e  ones u s u a l l y  used ir, t h e  Lig tenbsrg  o r  3 i e d e r - - ? i t t e r  s y s t e m  a n d  ca-n the 

e a s i l y  rcade f r o m   aster g r a t i n q s  er;lployed i n  t h e  "nlane" mo'?-e' m ~ t h o d ,  

ACETTOF?I,rDGE~TJTT : 
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