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I

S Y N O P S I S

The d i s s e r t a t i o n  e n t i t l e d  “On so a e  Problem s o f  TO l y s i s  

o r  T h in  N o n d irc ttiu r  "pen c y l i n d r i c a l  K h e lls "  d e a ls  w i th  th e  

s o lu t io n  o f  p ro b le m  o r  open t h i n  e l a s t i c  n o n c i r c u la r  c y l i n d r i ­

c a l  s h e i l a  baaed  on K irc h h o ff-L o v e  typo thcs<  s .  from  th e  p o in t  

o r  v iew  o r  im p o rtan c e  and u s e f u ln e s s  i n  p r a c t i c a l  a p p l i c a t io n s  

two c l a s s e s  o f  p ro b le m  la v e  b*en s t u d i e d .  Hence th e  d i s e e r *  

t a t  io n  i s  d iv id e d  i n t o  two p a r t s .  P u r l  1 d e a ls  w ith  a n  'e a a c t 9

( o r  'c l a s s i c a l * ) Method o f  a n a l y t i c  s o l u t io n  o f  c l a s s  o f  

problem s o f  s h e l l s  o r  c o n s ta n t  th ic k n e s s  t g  w ith  t h e i r  c u rv i­

l i n e a r  ed g es  * j . r 2 s u p p o r te d  by d ia p h ra g m  w hich  a r e  I n f i n i t e l y

r i g i d  i n  t h e i r  p la n e s  tu t p e r f e c t l y  f l e x i b l e  i n  th e  d i r e c t i o n  

noruD l t o  t h e i r  p la n e s .  Then th e  bounduiy  c o n d i t io n s  a lo n g
sj v
r 1#fa arc

T||v s B | | u a  v lu  a  « L  a  0  ( a  =  1 ,2)  (1 )
Tm r m Po

The s t r a i g h t  e d g es  o re  s u b je c te d  t o  o r b i t m i y  p h y s ic a l ly

M ean ing fu l b o u n d .ry  c o n d i t io n s  ( s e e  e q u a t io n s  ( U ) ) .  P o r t  11

i s  d e v o te d  to  th e  v a r i a t i o n a l  m ethods ( c l a s s i c a l  and f i n i t e

e le m e n t M ethods) o r  s o lu t io n s  o f  p ro b le m  o f  'sh a llo w *  ( i n  th e

g e n e r a l i s e d  s e n s e )  c y l i n d r i c a l  s h e l l s  r i g i d l y  c lam ped a lo n g

th e  boundaiy  r  =  8  ( T u  1  ) su c h  t h a t  th e  boundary
•  a  1 •  ■

c o n d iU o n a  a lo n g  th e  edge T a r e  g iv e n  fayi

■  "* r  3  f i l r  =  0

The g e n e r a l  in t r o d u c t io n  in c lu d e s  the  su rv ey  o f  th e  

e x i s t i n g  l i t e r a t u r e  and th e  s ig n i f i c a n c e  o f  th e  p ro b ie a  d e a l t  
w ith  i n  th e  d i s s e r t a t i o n .



I I

Ohupt<*r 1  d e a l s  w ith  th e  s tu d y  of t l r  d i f f e r e n t i a l  

g e  one t r y  o f  th e  s h e l l  M iddle s u r f a c e s  i n  t e n s o r  form # g e o s r t iy  

o f  d i f f e r e n t  p r o f i l e s  o f  th e  Middle s u r f a c e  and po lynom ial 

n p p ru x in u tiu n  t o  th e  c u rv a tu re  of t h e  p r o f i l e  ,  The M idd le  

s u r f a c e  o f  th e  c y l i n d r i c a l  s h e l l  i n  pi3 ,  w hich i s  a  d e v e lo p a b le  

o n e , i s  in  a n e - to -o n e  c o rre sp o n d e n c e  w ith

fl a  l< * ,9 ) t  0  < *  <  I  , - § 0  <  s  <  s Q|  CIR2 

w hich  in  tu r n  i s  t n n s f o r a e d  i n t o

fio a  W M h  0 < * <  < n < % !  < * a <J)

by in tro d u c in g  d iM e n s io n ie ss  v a r i a b l e s  (  a  x A 0» n  3  > A 0i  

w here I  i s  th e  l e n g th  o f  th e  s h e l l ,  i s  th e  r a d iu s  o f  c u rv a tu r e  

o f  th e  p r o f i l e  a t  s a  0  su c h  t h a t  th e  r a d iu s  o f  c u rv a tu r e  R s t  

any p o in t  f |  * •  g iv e n  by R lq) a  RQ p i n ) ,  p  b e in g  th e  tru n s fo n a o d  

r a d iu s  o f  c u rv a tu re *  F o r s  c l a s s  o f  ' r e g u l a r ' ,  's y n u r  t r i e *  

p r o f i l e s  ( p la n e  t u r v e s ) ,  e x p re s s io n s  f o r  th e  t r a n e f o m e d  c u rv a ­

t u r e  i / p i n )  and  i t s  d e r iv a t i v e s  c a n  be  d ev e lo p ed  i n  th e  f o m  

o f  power s e r i e s  u n i f o r n ly  and a b s o lu te ly  c o n v e rg e n t i n  In  I <  iV»#

i . e .

B ut i n  to n y  c a s e s  th e  a l g o r i t h u  f o r  su ch  a n  e x p re s s io n  i s  

a s s o c ia te d  w i th  fo rm id a b le  c o m p u ta tio n a l d i f f i c u l t i e s *  fe n c e  

B e rn s te in  p o ly n o sd o l a p p ro x i r a t iu n s  f o r  i / p  and i t s  d e r i v a t i v e s  

have been  d e v e lo p ed  s s  fo l lo w s !  V ”

l/p < t |)  a  X a . i f  h \ |  < n o o  {\u >  >  0 )  
| s o  1



t f t i i fo re  convergence  o f  th e  a p p ro iU D U o n  ( 5 ) AW d e r iv a ­

t i v e s  h a s  been  s tu d ie d *

C h a p te r  2  d e a l s  w ith  th e  G e n e ra lis e d  Mooent Theory in  

t h e  c tm p le *  fo rm  o f  N ovoshilov* s in c e  th e  ey e  t e a  o f  g o v e rn in g  

e q u a tio n s  o f  open c y l i n d r i c a l  s h e l l s  i n  r s s l  f o n t  i s  e x t r e n e ly  

c o o p le g  i n  n a tu r e  und c a n n o t be red u ced  t o  s  s i n g l e  e q u a t io n  of
h ig h e r  o rd e r*  I n  th e  c o u p le *  fo rm  o f  K o v ash ilo v  th e  sy s tem  
o f  g o v e rn in g  e q u a t io n s  o f  o rd e r  e ig h t  i s  reduced  t o  a s in g le

l i n e a r  p a r t i a l  d i f f e r e n t i a l  e q u a t io n

t i l )  B A[paCT)j4 a  f  16)

o f  o r d e r  f o u r  f o r  th e  unkneen a u x i l i a r y  c o o p le x  f o r c e  f u n c t io n

T 1 fi « • £ ,  wh r e  
o

* e  4  9 • *£= R < / v

f t  fi0 -*4 i s  a know function dependent on the components qA of 

the surface load vectcr q a  (q1»q2#qJ ) and For f  S^)

n »<A,l i y # the unknoun function T (\ 0<5*ll$ and

for fixed n  •  ft)t C t  (Ov^ l 0) ?n 10 a  fi& n) •  <t

belongs to  jSko # |^ 0) n ®4l* lo»^ia)f T^i C •  ( 0 +
T^l© a  Tlfcitf l |  b e lo n g s  tOvC<4)l0 ,^ 0 ) 0 IT)

T a k in g  t.h‘ h a i |  m a m u m  i l l  m t»  ^ c c ju n t , ? ^  i*j r .  r e  

g iv e n  the f o l lo v in g  F o u r ie r  r e p r e s e n ta t io n a l

TUfcn) a  f j ®  a  1 T_<1|) sin k** 
n  n  a  1  n  11



■ rn<D

<•)n =I  t  V n )  sin V

S in c e  [ s in  f  ^  ^ =  m R ^ l )  l a  a  c lo s e d  and c o o k ie te

o r th o g o n a l sy s tem  In  LaC O , ^ ) .  I t  h a s  been  proved  t t e t  

f o r  T % £ * * U s$  n  th e  F o u r ie r  s e r i e s  (8 )  can  be

t e r m i a c  s u c c e s s iv e ly  d i f f e r e n t i a t e d  f o u r  t l m u  w ith  r e s p e c t  

t o  b o th  C and iv  S u b s t i t u t in g  (8 )  i n  < ()  a n  i n f i n i t e  q y o teo  

o f  l i n e a r  o r d in a l?  d i f f e r e n t i a l  e q u a t io n s  i a  o b ta in e d  I V n  e f t

V V  *  ♦  **U )  *£5 i *  l# <a) -  a * £ p ^  l / # J  l j 2)

♦  t ^ p ^ c l i / p ) 11* j r* 1 ) ♦  U J h ^  f < ,}  -

•  -  %  •»>

w here f #  i a  •  k n o w  fu n c U o n  o f  n  n  •  0 i | f t  l / p  u r r  o f  th e  

f o r a  ( 4 ) o r  (5 )*  Then th e  c o rre sp o n d in g  homogeneous e q u a t io n !

W  *  # » <10)

whose c o e f f i c i e n t s  a r e  a n a l y t i c  i n  f a l  <  %  <  %<,» h as f o u r  

l i n r a r l y  in d ep e n d en t a n a ly t i c  s o lu t io n s  o f  th e  f o r a

* » c  n'  J 0 *  *  < t ^  •“ »r w r
where r  a  0,1,2,3 and gj*a are know complex coefficients and

r
th e s e  a r e  d e te rm in ed  u s in g  3 a u c ty - r ro b e n la s  a e th o d . s in c e



V

Vn f B •  p a r t i c u l a r  s o lu t io n

TB^  o f  e q u a t io n  ( 9 ) i s  c o n s t ru c te d  in  th e  f o n i

n  f  ( 1 )
Tn f p s  J V + *  - f r i T  *  <**>

o

where 4̂  i s  th e  s o lu t io n  o f  th e  a c x i l l a i y  i n i t i a l  r . i i is r  p ro b le n  

o f  th e  hoaogeneocs e q u a t io n  ( 10 ) w ith  t h e  i n i t i a l  c o n d i t io n s  

^ (0 )  a  »  <£2)<0) a  0* ^ 5><0) a  1. I f  fR in (9)

i s  a n a l y t i c  i n  K l  <  1^ 1 an  a n a l y t i c  p a r t i c u l a r  s o lu t io n  o f  

( 9 ) e x i s t s  and  i s  c o n s t r u c t 'd  i n  th e  f o m

* • • * »  ’U p  "  *  ^  M < v  <131

w here k ' s  a r t  a u a p le x  c o e f f i c i e n t s .  Then th e  g e n e ra l  

s o l u t io n  o f  e q iB tio n  ( I )  h a s  th e  fo rm s

V » . w .  V *  .  1

r  I U )

su c h  t l a t  T i s  g iv e n  by

r j  80 a;
T(l»i|) a  2 T <n) sin fo| < \  <IJ)

n a  l  n "  v

where a  a  i ^  Cl r * C2p sA  are a rb itra l?  constants 
of integration which are d e tra in ed  from the boundoiy condi­

tions (17) along the edges r^ , The stress ' s* noaents and 
displacements in the shell are derived froa  TfC,i|U

For a large class of prohlew encountered in practical 
applications, in which an approxisnte nrabrane s tress  condi­
tion exiata in the in te rio r of t  he sh e ll, u  i s  p< ro issih ie



V I

i n  th e o ry  o f  s h e l l s  t o  a c c e p t  th e  s o lu t io n  o f th e  nonhoms* 

geneous s csfcnm e p rob lem  o s  a  p a r t i c u l a r  s o lu t io n  o f  th e  g iv e n  

nanhoeogeneous g e n e r a l i s e d  s o v n t  problem * T h is  m ethod o f  

c o n s t  r u c t io n  o f  a  p a r t i c u l a r  s o l u t io n  h as been  u se d  i n  th e  

n u a r r i c a l  ex p erim en ts*

C h a p te r  3  d e a l s  w ith  th e  1 G e n e ra l is e d  Moaent Thouqr#

( a l s o  c a l l e d  th e * B e s t - F i r s t  O rd e r A p p ro x im tio n  T heory1) o f  

S anders  i n  c o a p le x  f o r a ,  th e  s y s t e a  o f  g o v e rn in g  e q u a tio n s  o f  

w hich  can  be p a t  i n  t e n s o r  f o r a  ( u n l ik e  K o v o c h lio v 's  e q u a t io n s

i n  c o a p le x  form ) s c  fo l lo w s  I

f %  - » *4  ‘ V 1* 1./*  *  q ° a  0

^ 3  • | | h ^ P q^ C q 3 »  0  *16)

w here and  d e f in e  a u x l l l a i y  com plex  t e n s o r  f l e l d s 9

i s  th e  p 'r im to t io n  te n so r#  B0^  i s  a known te n s o r  d e f in e d  by

th e  c u rv a tu r e  t e n s o r  b °^ t  f a  <q1t t f W >  i s  th e  s u r f a c e  lo a d  
v e c t o r .  F o r th e  bounds l y  c o n d it io n s  (1 )  on th e  c u r v i l i n e a r

e d g es  P4 »^2» th e  m ethod o f  s o lu t io n  d e v e lo p ed  i n  C h a p te r  2 i s

e x te n d e d  to  th e  p r e s e n t  Case w i th  n e c e s s a iy  m o d if ic a t io n s  and

c h a n g e s .

f o r  v a r io u s  'c l a s s i c a l *  and  n o n c la s s ic a l  bound:: y  

c o n d i t io n s  s lo a g  th e  s t r a i g h t  edges o f  c y l i n d r i c a l  a h e l l s *

w hich  a r e  f r e q u e n t ly  m et w ith  i n  p r a c t i c a l  a p p l i c a t i o n s !  f o r  

e x a a p le  \}a  a  1 ,2



P r e  edges I T - L  ® ®a * 1 - s  Of a  0
r «  r .  r «

4 * ;  "  f i } t  “  0 < ir,)
a  a

Hinged with fixed support*

Mj|_ ■ o» « L  *  o , v L  s  0» w|_ s o  CXfl)
r « r «  r «  r «

Rigidly clomped edges

u |_  » Of » L  a  0# w |_  a o ,  J N  a  0  1 1 7 0r. r« r« r.
Edge s t i f f  rted fay b e a u t  

S h e l l  o v e r  many sp a n s  t

(w hose boundary c o n d i t io n s  a r e  v e ry  c o a p le x  in  n a tu re )*  

e x te n s iv e  n u n  r i c a l  e x p e rim e n ts  have been  c a r r i e d  o u t  U t i l i s i n g  

th e  a lg o r i th m s  o f  s o lu t io n  d ev e lo p ed  e a r l i e r  and  th e  r m l t a  

a r e  p re s e n te d  a t  th e  end o f  C h ap te r*  2 and 5* The r e a u l t a  

a t t a i n e d  c o n c lu s iv e ly  e a t a b l l a h  th e  a u t h e n t i c i t y  o f  th e  method 

o f  e o l a t i o n  d e v e lo p ed  f o r  th e s e  p ro b lem s.

C h a p te r  4  i s  d e v o te d  t o  s ( a )  th e  c o m p a ra tiv e  s tu d y  o f  

th e  n u m erica l r e a u l t a  o b ta in e d  i n  c h a p te r s  2  and 3 b a se d  on

th e  'e x a c t '  t h e o r i e s  o f  N ovosh llov  and S an d ers  ( v a l i d  f o r  

• h e l l a  o f  a r b i t r a s y  le n g th )*  (b )  co m p jriao n  o f th e  n u m rr ic u i 

r e a u l t a  b a sed  on ' e j e c t '  t h e o r i e s  w i th  th o s e  b a se d  on th e  

'a p p ro x im a te ' t h e o r i e s  o f  D onnell .-ml V la s  ov ( v a l i d  f o r  s h e i l a



o f  s h o r t  and i n  to  m e d i a t e  le n g th s  r e s p e c t iv e ly )  and  (o )  corap- 

u r u t lv e  s tu d y  o f  th e  be tk iv luu r o f  s h e l l s  h a v in g  p r o f i l e s  w ith  

in c re a s in g *  d e c re a s in g  and c o n s ta n t  r a d iu s  o f  c u r v i l i n e a r

I f o r  exam ple c a te n a  i y p c y c lo id  and  c i r c l e  r e s p e c t iv e ly ) .

C h a p te r  5 d e a l s  w ith  c l a s l c a l  v a r i a t i o n a l  ae tb o d s*

Mere d i s t r i b u t i o n s *  S obo lev  sp a c e s  and b a s ic  r e s u l t s  f o r  th e  

v a r i a t l o n s i  f o r s n l a t i a n  o f  boundary  v a lu e  p ro b le m  hove been  

d is c u s s e d .  Then th e  v a r l s t l o n a i  P roblem  ( ? )  i n  th e  O a le rk ln

f o r a  f o r  th e  c a s e  o f  r i g i d l y  d a m p e d  open 's h a l lo w ' n d n c i r e u la r  

C y l in d r ic a l  s h e l l  b u s  been  f o n m la t s d  a s  f a l l o w s

( ? ) l  f in d  f a  (^ fO g s O j)  g V a l f y r J  «  l ty f i )  s

such that s ( 8 #  a  q<?) V 9  a  (Vj#^#* j)  C 7

w here H^(fi) sn d  H ^lfl) a r e  Sobo lev  •  p u c e s , s l ' j O l  7 « V - e  m 

i s  th e  q r s w t r i c  b i l i n e a r  fo rm  c o rre s p o n d in g  t o  th e  en erg y  

f u n c t io n a l  and i s  g iv e n  ftp t  V W  •  7

s(9 9xh a | I ♦

aB
^  f t  I Jdf dll (18)

Ba  und Ka  th c  BtroAn ind c u rv a tu r e  t e n s o r s  r e s p e c t iv e ly ,

q( * ) s V i s  th e  l i n e a r  fo rm  c o rre sp o n d in g  t o  th e  energy  

due t o  e x te r n a l  f o r c e s  g iv e n  ty



q i f l  a  * J  J  ♦  « ,* a  «  q j » j )  • «  « n  < » )

*****  qA •  La (S 9 9 1 <  1 % 3 .  e i U p t i d t y  o f  a C - , - )  and 

c < # t in u l ty  o f  a ( v >  and q( *) a r e  e s t a b l i s h 'd ,  Proa th e  

e x is te n c e  and  u n iq u e n e ss  o f  th e  s o lu t io n  t f  o f  ( P ) f  th e  

e q u iv a le n c e  o f  tHe O a le rk ln  v a r i a t i o n a l  p ro b le u  l f > )  ond th e  

R i ta  v a r i a t i o n a l  p ro b le u  (J**) g iv e n  by

find J  •  ?  such that Jftf) a  in f
? •  7

whrre a  J •<?,?) -  ql?)* (ao)

in  the sense that the two problems t?) and cP*) have the sane 

unique solution* is  established. for the solution of the 

approximate problem C Pn) corresponding to  the Rita variational 
probleu ( given by

Find 3^ •  ^  c V  such that J t f y  a  in f  Jtf^)

where l (  ) is  defined by <20) and ?R is  a f in i te  dimensional 
subspoee of the product Sobolev space 7* hlvariate polynomials 
in C and i| are chosen as the basis functions of the Rita space 

Numerical experiments huve been carried oat for different 
choices of n and s general p ra g m a  has been developed for
arbitrary  n.

Chapter 6 deals with the conforming f in i te  element method 
of solution of the variational problems ( and ( f )  using 
rectangular and triangular elements* For each h >  o a reotas-
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g u la t lo n  ( r e s p e c t iv e ly  t r la n g u id  t io n )  o f  th e  c lo s e d  dom ain 

l a  C u r  i n t o  r e c ta n g le s  ( r e s p e c t i v e ly  t r i a n g l e s )  K» i t  

a s s o c ia te d *  C o rresp o n d in g  t o  th e  f i n i t e  d im e n sio n a l

su b sp ace  ?h 8 v h  M vh n i s  in tro d u c e d  su c h  t h a t

Vfc a  Jvfcl v j ^  •  tf1 (K°) V *

K° a lnt(K)9vh l̂  a 0) C H ^ O  

«ii =* %  •  < * ' > * .  •  »a (K °) V e  • ' t k

K° a int(K)# % i r “ a  g  ) c ^ ( 0  ( a i )

F o r  th e  co n fo rm in g  f i n i t e  e le m e n t a p p r o b a t i o n  p rob lem  I ? h  ) 

i n  th e  R i t s  f o r a  c o rre sp o n d in g  t o ( f  d e f in e d  ftps

( 5 ^  ) i  F in d  Sjj e  v fc such  t h a t  J ( d ^ )  a  I n f  j < ^ )

V  \
and f o r  th e  con fo rm ing  f i n i t e  e  l e a r n t  opprox lfititK *) problem  

( ) i n  th e  G a le rfc ln  f o m  com*sp o n d in g  t o  ( ?  )# d e f in e d  by

( J>k )  * F ind  su ch  t h a t  " W  *  « < V  V  ? h

th e  e x is te n c e  and  u n iq u e n e ss  o f  th e  s o l u t io n  3 ^  c  C $

a r t  e a s i l y  p roved  when th e  e x a c t  i n t e g r a t i o n  i s  pe rfo rm ed .

The f i n i t e  e le m e n ts  < * e V pt } o re  COOBtnictwl fo p  ei‘€ h  

C uaponm t * J(i o f  " ‘r r *  *  u "  “ * °r

d e s i r e *  o f  r r  n io a  f o r  eu«h r e a t a n g l . .  t  r r .p e c t iY t 'U r  t r i a n g l e )



* • t h mm M*t ^  u  ,  rtntte
< u » n .4 « u a  i t a M ,  m u u a  f e r i a r t  a

* *  the s o lu t io n  Of th e  U tt  r i n i t .  e l e a e *  i* o 6 1 «

< & ) ®eii* reotanffUar ( l m t i ,  fa r a* *  component of

*» “ “ “ “ « * .V  Q,<«» knrc to n
d e v e lo p * .  -fc o r . l i t .  r e c t a * ! *  ,  1  <  *  4 )

* * ■ < * • * * » < . , ) .  * < < < 4 .  •  < . , , < ! )  | B ,

i .  V B * " I ' W .  «,<*> Ik in *  th , . p , o .  o r  poljmoa4 . 1« o f  

<•«■*# <  J  i n  en«h W rl . U ,  (  « ,  ,  ()U.  Q jU ,

• "  J *  * * • • • * >  v * *  <»>

I t  h e .  D. en th o rn  O u t  th e  blaufcio .p l i a e

*•»**» * ' V * 0 " 1 ? ho •  ^ho • * ■ « • *  r v m i u  o n
H V N M N i

F o r tlia  s o lu t io n  o f  (he O ulertO n f i n i t e  e l a m t  u raM aa  

( AfW r l a , t  B a l l 's  «nd O o v ran t'a  f i n i t e  e i e M t e  h a re  

h ren  d n rs lo p e d , i n  th e  \ f « r r i a  f i n i t e  e l n v n t  (* # lj# P g ; 

f o r  each  component ^  o f  1 ^ ,1  i«  a  t r i a n g le  w ith  y c r t l *  a 

<«j» I  *  i  *  3) und m idpo in ts lbJ f  1  <  j  <  j )

\  ■  M « j ) .  » <  4  <  SI



v ' t

1 < J .  k , » < J .  J 4  k . k 4  I

^ 4 k j> ,  1 < J < 3 )  (M)

la  Pj(R)-unlsolveat, P j(l) feeing the space of polynomials of 

degree < 5 <dl* P jtt)  = card ^  a  21) with a basis R*x 

9 l»*n > 0# fe-a»n = 3 1 where ere baiycentrlc

coordinates*

In order to  hove equal nuaber of degrees of freedoa a t  

eucb node of K, which i s  desirable froai the coapatatlonal 

point of view. B ell's  f in ite  eleaent (K |^ f PJU)) has bee© 

developed fo r each component vlh of ^  where

$  ■ Ip4»j)f I  < J  <  31 * « J f * < 3 s J l * f c |

o ^ p C a j K s ^ j t  a ^ ) ,  U j | k » l O i ^ k f  k l ^ l l

(23)
la  pj<*0-lni solvent,

PJU) 8  lps P •  ly * )#  •  ^ U j t e |K] s b<1*8 •**
sides of Xs 1 < J <  h < 3 la <26)

d l a  P£(K) a  c a rd  i j  =  IB and P ^ K )  C P j(R ) C P j(R ) .

S in c e  f o r  th e  con fo rm ing  f i n i t e  e le a e n t  Method o f

s o l u t io n  i t  i s  s u f f i c i e n t  t o  c o n s t r u c t  f i n i t e  e le m e n ts  o f  
J 0 > - c l a s s  f o r  th e  c aa p o n e n ts  v ^  ( a s  1 ,2 )  end  o f ^ U l a a  

f o r  th e  o o ap o n en t v ^ ,  C o a r a n t 's  f i n i t e  e l e a e n t  ( K , jg ,P | (X )) 

f o r  v a f v ( « a  I t 2 ) ,  w here \  I  <  J  <  3 )  I s  P ^ W - vm-



solvent, ^(X) being the apuce o f  polynomials o f  degree < 1 

(d la  P |(D  a  card 2^ a  3) and M U 'i  f in i te  eleaent (K f^ i 

^(K )) Per Vjj Iteve been developed*

F in a l ly  e r r o r  e a t l n a t e a  of t i e  co n fo rm in g  f i n i t e  

e l e a e n t  Have been  s tu d ie d  vhen th e  e n a c t  I n t e g r a t i o n  of the 

i n t e g r u m  in  o(- > • ) and q< ) l a  p e rfo m e d *
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