
CHAPTER 1

INTRODUCTION

I t  f r e q u e n t ly  o c c u rs  th a t  when a c h a r a c te r  o f a p h y s ic a l  
phenomena i s  ex p ressed  in  m a th em a tic a l form , i t  i s  i d e n t i c a l  to  
a n o th e r  c h a r a c te r  o f a d i f f e r e n t  p h y s ic a l  phenomena. I f  i t  i s  so , 
b o th  p h y s ic a l  system s a re  sa id  to  be an a lo g o u s .

In  th e  case  where two sy stem s a re  a n a lo g o u s , i f  th e  problem  
o f one system  i s  s o lv e d , i t s  s o lu t io n  i s  a u to m a tic a l ly  th e  s o lu t io n  
o f th e  o th e r  to o .

The e q u a tio n s  g o v ern in g  a p h y s ic a l  system  a re  o f te n  d i f f i c u l t
to  so lv e  a n a l y t i c a l l y  and i t  i s  a t  tim e e q u a lly  d i f f i c u l t  to  so lv e  
n u m e r ic a l ly .  D ire c t  p h y s ic a l  m easurem ent on th e  sy stem , o r on i t s  
s c a le  m odel, may n o t be f e a s i b l e .  However i t  i s  f r e q u e n t ly  
observed  th a t  m easurem ent on th e  an a lo g o u s system  i s  p r a c t i c a b l e .  
Thus th e  ana logou s system  may se rv e  as a c a l c u l a t i n g  m achine fo r  
s o lv in g  th e  e q u a tio n  g o v ern in g  th e  o r i g i n a l  sy stem .

There a re  f iv e  main s te p s  to  be c o n s id e re d  in  th e  
a n a lo g ic a l  m ethod :-

ๆ. The e q u a tio n s  g o v ern in g  th e  o r i g i n a l  p h y s ic a l  system  a re  
d e te rm in e d .

2 .  The e q u a tio n s  g o v ern in g  th e  ana logou s p h y s ic a l  system  a re  
d e te rm in e d .

3 . C o n sid e r i f  any fu n c t io n s  o f bo th  sy stem s have i d e n t i c a l  
m a th em a tic a l e x p re s s io n s .
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k. The r e l i a b i l i t y  o f th e  an a lo g o u s system  i s  V e r i f ie d .
5 . The fu n c t io n s  o f the  an a lo g o u s system, a re  m easured and 

tra n sfo rm e d  to  th e  fu n c t io n s  o f th e  o r i g i n a l  sy stem .
In  each o f th e se  s t e p s ,  f a c to r s  may l i m i t  th e  ran ge  o f 

a p p l i c a b i l i t y  o r th e  a cc u rac y  o f th e  r e s u l t s .
A very  u s e f u l  ana logue  method in  s o lv in g  th e  boundary 

v a lu e  problem  of many p h y s ic a l  sy stem s i s  "The E l e c t r i c a l  A nalogue." 
The an a lo g y  i s  made betw een th e  e l e c t r i c a l  p o t e n t i a l  d i s t r i b u t e d  in  
a th in  c o n d u c tin g  medium and a c h a r a c te r  o f th e  ana logou s system  
which s a t i s f y  e i t h e r  L a p la c e 's  o r P o is s o n 's  e q u a t io n s ,  such  a s ,  the  
stream  fu n c tio n  of tw o -d im en s io n a l flow  problem  o f v ico u s  f l u i d ,  
th e  c o n ju g a te  fu n c tio n  and th e  s h e a r in g  s t r e s s  fu n c tio n  o f to r s io n  
p rob lem , th e  sum of d i r e c t  s t r e s s e s  o f problem  o f p l a t e  s u b je c te d  
to  u n i a x ia l  t e n s io n .  The c o n d u c tin g  medium may be s o l i d ,  l i q u id  or 
netw ork  a n a ly s e r ,  e t c .  For example th e  use  o f  c o n d u c tin g  p a p e r in  
c o n d u c tin g  p ap er ana logue  by R .S .R oss and I .H .Q u r e s h i ,  th e  use  o f 
s t e e l  p l a t e  in  J a c o b s e n 's  a n a lo g y f th e  use o f e l e c t r o l y t i c  ta n k  in  
Thum and B a u tz 's  ana logy^  th e  u se  o f netw ork  a n a ly s e r  in  netw ork

ๆ
R o s s ,D.s.and Q u re s h i, I . H ."Boundary V alue Problem  in  Two 

D im ensions E l a s t i c i t y  by C ondu cting  P ap er A nalogue,"  J o u r n a l  o f 
S c i e n t i f i c  In s tru m e n ts  . V o l. k0(  ๆ963) ะ P . 5 'า 3-51 7 •

2 ,3 H è te n y i,M. Handbook o f E x p e rim en ta l S t r e s s  A n a ly s is .
P. 7V 7-751.
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an alo g u e  by S .C .R edshaw ”1 and a l s o  J .H .W e in e r?  The f i r s t  th re e  c a se s  
w hich a re  c o n tin u o u s  c o n d u c tin g  medium, p ro v id e  a d i r e c t  analogy  to  
th e  d i f f e r e n t i a l  e q u a tio n , w h e reas , th e  ne tw ork  a n a ly s e r  can on ly  
p ro v id e  an an a lo g y  to  th e  r e q u ir e d  e q u a tio n  when e x p re sse d  in  a 
f i n i t e  d i f f e r e n c e  form .

In  th e  i n v e s t ig a t io n  concerned  w ith  th e  to r s io n  problem  o f 
th e  c y l i n d r i c a l  s h a f t  tw is te d  by th e  tw i s t i n g  m om ent,the d i r e c t io n  
o f w hich i s  a lo n g  th e  a x is  o f th e  s h a f t ,  i t  i s  n o t y e t  p o s s ib le  to  
m easure th e  sh e a r  s t r e s s  in s id e  th e  s h a f t  d i r e c t l y .  S e v e r a l  fu n c t io n s  
a re  in tro d u c e d  to  so lv e  th e  to r s io n  problem  a n a l y t i c a l l y  b u t th e  
s o lu t io n s  a re  v e ry  d i f f i c u l t  to  o b ta in  s in c e  th ey  must s a t i s f y  e i t h e r  
L a p la c e 's  e q u a tio n  o r P o is s o n 's  e q u a tio n . F or example th e  c o n ju g a te  
fu n c t io n  \pmu s t  s a t i s f y  L a p la c e 's  e q u a tio n ,

â e  + = 0

and th e  boundary  c o n d i t io n

Uf 1 , 2  2vijj = X +y ) + c

 ̂ R edshaw ,S .C ."U se o f an E l e c t r i c a l  Analogue f o r  th e  S o lu t io n  
o f a V a r ie ty  o f T o rs io n  P ro b le m ." B r i t i s h  J o u r n a l  o f A p p lied  P h y s ic s .  
Vo1 .1 1 ( I9 6 0 ) : P . ^61-468 .

^ W ein e r, J .H ."A n  R e s is to r-N e tw o rk  S o lu t io n  fo r  th e  T o rs io n  o f 
Hollow S e c t io n ."  J o u rn a l  o f  A pp lied  M echan ics.V o l .3 0 (1 9 3 3 )ะp . 562 -564 .
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I t  i s  very d i f f i c u l t  to  determ ine th e  value o f y j a n a ly t ic a l ly .
The a n a ly tic a l  so lu tio n s  of only a few s e c tio n s , w ith  simple boundaries 
are e s ta b lish e d , e .g .  c i r c u la r ,  e l l i p t i c ,  e q u itr ia n g u la r , e tc .  S evera l 
methods are in troduced  to  express th e  approximate so lu tio n sb u t they can 
not be used in  g en e ra l cases. Numerical method i s  considered  as the most 
commonly employed method of approximation^ but i t  i s  cumbersome and 
sometime in a c c u r a te ,  fo r  ex am p le :-

I f  th e  f i n i t e  d iffe re n c e  method i s  used, a se t o f equations s ta te d  
the va lue  of fu n c tio n s  a t  th e  in te r i o r  p o in ts  w il l  be ob ta ined . In  order 
to  secure s u f f ic ie n t  accuracy o f the  r e s u l t ,  the  a rea  of c ro ss  se c tio n  
has to  be d iv ided  f in e  enough which e n ta i l s  n e c e ssa r ily  la rg e  number o f 
equ a tio n s to  be solved.

I f  the  i t e r a t io n  procedure of f in i t e  d iffe re n c e  method o r th e  
re la x a tio n  method i s  used, th e  convergence i s  very slow. Besides th e  
d is  advent age described  above, i t  i s  very easy to  make mistake in  such a 
long procedure.

I f  th e  p o t e n t i a l ( v ) d i s t r i b u t e d  in  a c o n d u c tin g  medium of c o n s ta n t  
th ic k m sss  i s  c o n s id e re d , th e  system  i s  governed by th e  e q u a tio n :-

0a x ‘ d y ‘

This equation  i s  s im ila r  to  the equa tio n  of conjugate fu n c tio n , CJO 
I V  and V are sa id  to  be analogous. When the value o f V on th e  conducting 
shee t i s  measured, i t  i s  au tom atica lly  the va lue  of o f sh a ft which cro ss
se c tio n  i s  s im ila r  to  th e  shape of conducting sh e e t. So i t  i s  c le a r  th a t
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The purpose of t h i s  th e s i s  i s  to  in v e s tig a te  the  e l e c t r i c a l  
analogue of a to rs io n  problem by using th e  conducting paper as a 
conducting medium,, This i s  c a l le d  -"The conducting paper 
analogue." S q u ip o te n tia l l in e s  are determ ined experim en ta lly , then th e  
shear s t r e s s  l i n e s ,  maximum shear s t r e s s  and th e  p o in t o c c u rre d  a re  
determ ined from e q u ip o te n tia l l in e s  re s p e c tiv e ly . From th e  shear s t r e s s  
l i n e s ,  th e  to rs io n a l  s t i f f n e s s  o f th e  c r o s s - s e c t io n  can be approxim ated.

The equipments and method of in v e s tig a t io n  in  th i s  experim ent are 
prepared  to  in v e s tig a te  sh a f ts  w hich c ro ss-se c tio n s  are simply connected 
reg io n  (no hole in s id e  i t )  such as  rectangüL aç.e l l i p s e ,  t r i a n g le ,  r o l le d  
p r o f i le  s e c tio n s , e tc .  I t  can not be used fo r shaftsw hich cro ss s e c tio n s  
are m ultip ly  connected reg io n  such as hollow  shafts o r composite sh afts  
since  th e re  a r e  more e ru d itio n s  necessary to  be s a t i s f ie d .

Three shapes o f cross -  se c tio n s  are in v e s tig a te d  in  t h i s  t h e s i s ,  
nam ely , th e  s q u a r e , th e  r e c ta n g u la r  and th e  I  c r o s s - s e c t i o n s .

A square conducting sheet which rep resen ts a square cro ss se c tio n  
sh a ft in  pure te n s io n  i s  se le c ted  to  v e r ify  the r e l i a b i l i t y  of the  equipm ent 

o-f norm al c a s e . The p o t e n t i a l  d i s t r i b u t i o n ,  s h e a r in g  s t r e s s  f u n c t io n ,  
s t r e s s  components and to rs io n a l  s t i f f n e s s  are determ ined, they  are then  
compared w ith th e  a n a ly t ic a l  v a lu e . The r e l i a b i l i t y  i s  v e r i f ie d  again  
by re c ta n g u la r  c ro ss se c tio n .

In  case of ro l le d  p r o f i le  se c tio n s , the  boundary i s  a lso  simply

unlsssYhigh speed comparer i s  ava ilab le , the -use of e le c t r ic a l  analogue

method i s  more convenient.
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connected, bub i t  i s  not normal since th e  boundary curves inward forming 
a b ig  groove. I  -  c ro ss -  se c tio n  i s  se le c te d  to  rep re sen t the  ro l le d  
p r o f i le  se c tio n  to  in v e s tig a te  how the groove e f f e c t  th e  r e s u l t .

The conducting paper analogue comparing w ith  o th e r  method i s  
u se fu l to  o b ta in  the  r e s u l t  ra p id ly . The method can be ex tended  to  
determ ine th e  c h a ra c te rs  of o th e r p h y sica l systems which a re  governed 
by e i t h e r  L a p la c e 's  o r P o isso n  ' ร- e q u a t io n s .
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