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A b s t r a c t  
 

T h e  p a p e r d e a ls  w i t h  p rog re s s  i n e le c t rom a g ne t i c  m e t h od s  u s e d  f or 
s t ru c t u re  e va lu a t i on of  c ond u c t i ng  m a t e ri a ls . T h e  t e rm  " e le c t rom a g ne t i c  
m e t h od s "  c ove rs  t h e  f ollow i ng  a re a s :  m a g ne t o-i nd u c t i ve  m e t h od s , 
m a g ne t i c  le a k a g e  f lu x  p rob e  m e t h od , m a g ne t om e t e r p ri nc i p le  a nd  e d d y -
c u rre nt  m e t h od s . I n 1 9 4 8  t h e  G e rm a n vi s i ona ry  F ri e d ri c h  F ö rs t e r 
e s t a b li s h e d  h i s  ow n c om p a ny  a nd  d e ve lop e d  h i g h ly  s e ns i t i ve  m e a s u ri ng  
d e vi c e s  f or m a g ne t i c  f i e ld s  a t  t h e  Ka i s e r-W i lh e lm -I ns t i t u t e . T h e  m e t h od s  
a nd  e x a m p le s  d e s c ri b e d  i n t h i s  p a p e r re la t e  only  t o e d d y -c u rre nt  m e t h od , 
b u t  t h e  s a m e  i d e a  m a y  b e  a p p li e d  f or ot h e r m e t h od s , i nd e e d . F or t h e  a i m  of  
i nne r s t ru c t u re  re c og ni t i on t h e  s e ns i t i vi t y  a na ly s i s  w i t h  f i ni t e  e le m e nt s  i s  
p rop os e d . 
 
K e y w o r d s :  E le c t rom a g ne t i s m , F i ni t e  e le m e nt  a na ly s i s , E le c t rom a g ne t i c  
f i e ld s . 
 
Roz p oz naw ani e  str u k tu r y m ate r i ał ó w  
p r z e w od z ą c yc h  p r z y w yk or z ystani u  
al g or ytm ó w  d e f e k tosk op i i  w i r op r ą d ow e j  
op ar tyc h  na ME S  

 
S t r e s z c z e n i e  

 
Pra c a  d ot y c z y  p os t ę p u  w  e le k t rom a g ne t y c z ny c h  m e t od a c h  b a d a ni a  
s t ru k t u r p rz e w od z ą c y c h . O d  rok u  1 9 4 8 , g d y  ni e m i e c k i  w i z j one r F ri e d ri c h  
F ö rs t e r roz p oc z ą ł  b a d a ni a  w  I ns t y t u c i e  C e s a rz a  W i lh e lm a  w  b a d a ni a c h  
t y c h  na s t ą p i ł  w i e lk i  roz w ó j . M e t od y  i  p rz y k ł a d y  op i s a ne  w  ni ni e j s z e j  p ra c y  
od nos z ą  s i ę  j e d y ni e  d o w i rop rą d ow y c h  b a d a ń  m a t e ri a ł ó w , j e d na k  
p rz e d s t a w i ona  i d e a  m oż e  b y ć  ł a t w o p rz e ni e s i ona  d o i nny c h  m e t od  
e le k t rom a g ne t y c z ny c h . O p i e ra  s i ę  ona  na  a na li z i e  u k ł a d u  p om i a row e g o 
m e t od ą  e le m e nt ó w  s k oń c z ony c h , a  na s t ę p ni e  na  p rz e p row a d z e ni u  z a d a ni a  
od w rot ne g o u m oż li w i a j ą c e g o i d e nt y f i k a c j ę  s t ru k t u ry  w e w nę t rz ne j  
m a t e ri a ł u . E f e k t y w ne  p rz e p row a d z e ni e  t a k i e g o z a d a ni a  w y m a g a  
d os t a rc z e ni a  i nf orm a c j i  o g ra d i e nc i e  f u nk c j i  c e lu , d o c z e g o 
w y k orz y s t y w a na  j e s t  a na li z a  w ra ż li w oś c i ow a  w i e lk oś c i  p ola  
e le k t rom a g ne t y c z ne g o. M e t od y  t e j  a na li z y , d ob rz e  p oz na ne  i  op i s a ne   
w  t e ori i  ob w od ó w  e le k t ry c z ny c h , s ą  d op i e ro roz w i j a ne  d la  p ó l 
e le k t rom a g ne t y c z ny c h . Z a d a ni a  od w rot ne  p row a d z ą  z w y k le  d o ź le  
u w a ru nk ow a ny c h , na d ok re ś lony c h  u k ł a d ó w  ró w na ń . U z y s k a ne  
roz w i ą z a ni e  j e s t  c z ę s t o w y ni k i e m  k om p rom i s u  m oż li w e j  d o u z y s k a ni a  
roz d z i e lc z oś c i  w  s t os u nk u  d o u ż y t y c h  d a ny c h  p om i a row y c h  ob c i ą ż ony c h  
b ł ę d a m i . Z a s t os ow a ni e  re g u la ry z a c j i  p oz w a la  u z y s k a ć  z b i e ż noś ć  
a lg ory t m u  na w e t  w  t a k i c h  p rz y p a d k a c h . 
 
S ł o w a  k l u c z o w e :  e le k t rom a g ne t y z m , m e t od a  e le m e nt ó w  s k oń c z ony c h , 
p ola  e le k t rom a g ne t y c z ne .  
1 .  I ntr od u c ti on 
 
E d d y -c u r r e n t  m e t h o d s  c o n v e n t i o n a l l y  u t i l i z e  t h e  f r e q u e n c y   

b a n d  u p  t o  a p p r o x .  1 0  M H z  w i t h  d i f f e r e n t i a l  a n d  a b s o l u t e  c o i l s  
a n d  w h i c h  a r e  u s e d  f o r  t e s t i n g  f o r  s u r f a c e  a n d  i n n e r  f l a w s .   
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S e m i -f i n i s h e d  p r o d u c t s ,  s u c h  a s  w i r e s ,  b a r s  a n d  t u b e s ,  a r e  t e s t e d  
f o r  l o c a l  f l a w s  i n  t h e  f o r m  o f  c r a c k s  a n d  h o l e s  b y  e n c i r c l i n g  
t h r o u g h -t y p e  c o i l s .  F o r  e x a m p l e ,  v a l v e  s p r i n g  w i r e  i s  t e s t e d  o n   
a  c o m p a c t  t e s t i n g  l i n e  w i t h  e n c i r c l i n g ,  t h r o u g h -t y p e  c o i l  a n d  
r o t a t i n g  s c a n n i n g  p r o b e s .  T h e  s u r f a c e  o f  s e m i -f i n i s h e d  p r o d u c t s  o r  
c o m p o n e n t s  i s  s c a n n e d  w i t h  s c a n n i n g  p r o b e s .  T h i s  a l l o w s  
m a x i m u m  f l a w  r e s o l u t i o n .  
E d d y  c u r r e n t s  a r e  a l t e r n a t i n g  e l e c t r i c a l  c u r r e n t s ,  u s u a l l y  i n d u c e d  

t o  a n y  m e t a l l i c  s e c t i o n .  T h e  f e e d i n g  f r e q u e n c y ,  a n d  a d e q u a t e  
p e n e t r a t i o n  d e p t h  o f  e d d y -c u r r e n t s ,  s h o u l d  b e  a d a p t e d  t o  e x p e c t e d  
c r a c k s  a n d  f l a w s .  T h e  f l o w  p a t t e r n  o f  c u r r e n t s  i s  d i s t u r b e d  b y  
c r a c k s  o r  o t h e r  d i s c o n t i n u i t i e s  i n  t h e  m e t a l .  E d d y  c u r r e n t  f l o w  
p a t t e r n s  a r e  e i t h e r  c i r c u m f e r e n t i a l ,  u s i n g  e n c i r c l i n g  o r  c o n c e n t r i c  
c o i l  c o n f i g u r a t i o n s ,  o r  a  t a n g e n t i a l  o r  l o o p  p a t t e r n  m a t e r i a l  a f f e c t s  
t h e  f l o w  p a t t e r n  w h i c h ,  i n  t u r n ,  a f f e c t s  i t s  a s s o c i a t e d  m a g n e t i c  
f i e l d .  T h i s  c h a n g e  i s  d e t e c t e d  b y  a  s u i t a b l e  r e c e i v e r  c o i l .  S e a r c h  
c o i l s  a r e  u s u a l l y  w o u n d  i n  t h e  f o r m  o f  a  d i f f e r e n t i a l  t r a n s f o r m e r ,  
w i t h  t h e  p r i m a r y  o r  e x c i t a t i o n  w i n d i n g  b e i n g  f e d  f r o m  a n  
o s c i l l a t o r .  T w o  s e c o n d a r y  w i n d i n g s  o b s e r v e  t h e  e d d y  c u r r e n t  
e f f e c t s  a t  d i s p l a c e d  s e c t i o n s  o f  t h e  m a t e r i a l  u n d e r  t e s t ,  a n d  
a u t o m a t i c a l l y  c o m p a r e  t h e  c r o s s -s e c t i o n s  f o r  a n y  d i f f e r e n c e s  
w h i c h  m a y  o c c u r .  
 

2 .  T h e  nu m e r i c al  m od e l  of  e d d y-c u r r e nt c oi l s 
ar r ang e m e nt 

 
N u m e r i c a l  m e t h o d s ,  t h o s e  o f  f i n i t e  e l e m e n t s  i n  p a r t i c u l a r ,  o f f e r  

s o m e  n e w  t o o l s  f o r  t h e  a n a l y s i s  o f  e d d y -c u r r e n t  f l a w  d e t e c t i o n  
s y s t e m s .  T h e  p r o b l e m  o f  m e d i u m  p r o p e r t i e s  a n d  i t s  g e o m e t r i c a l  
f o r m  h a s  b e e n  s o l v e d  i n  t h e  c a s e  o f  t w o -d i m e n s i o n a l  a n d  a x i a l l y  
s y m m e t r i c  s y s t e m s .  T h e  p r o b l e m  o f  a n a l y s i s  o f  t h r e e -d i m e n s i o n a l  
s y s t e m s  r e m a i n i n g  s t i l l  u n s o l v e d ,  h o w e v e r .  I n  a d d i t i o n  t o  t h e  
d i f f i c u l t i e s  c o n n e c t e d  w i t h  t h e  u n i q u e n e s s  o f  s o l u t i o n  o r  t h e  w a y  
o f  d e t e r m i n i n g  t h e  b o u n d a r y  c o n d i t i o n s  t h e r e  i s  a  s e r i o u s  o b s t a c l e  
o f  l i m i t e d  c a p a c i t y  o f  t h e  m e m o r y  a n d  c a l c u l a t i o n  s p e e d  o f  
c o m p u t e r s .  
S i n c e  t h e  g e o m e t r y  o f  t h e  e d d y  c u r r e n t  N D T  s y s t e m  i s  c o m p l e x ,  

a  t r u l y  t h r e e -d i m e n s i o n a l  a n a l y s i s  i s  r e q u i r e d  t o  o b t a i n  t h e  e d d y  
c u r r e n t  d i s t r i b u t i o n  i n  t h e  v o l u m e  o f  t h e  c o n d u c t i n g  s t r u c t u r e .  
H o w e v e r ,  a  f u l l y  t h r e e -d i m e n s i o n a l  a n a l y s i s  r e q u i r e s  t h r e e  v e c t o r  
c o m p o n e n t s  a n d  a  s c a l a r  g r a d i e n t  t o  r e p r e s e n t  t h e  f i e l d  f u l l y .  T h i s  
p r o c e d u r e  i s  c o m p l e x  a n d  c u m b e r s o m e .  O n  t h e  o t h e r  h a n d ,  t h e  
a x i s y m m e t r i c  c o m p u t e r  c o d e  o f f e r s  s o l u t i o n  o n l y  t o  p r o b l e m s  
i n v o l v i n g  s t a t i o n a r y  c o i l s  a n d  c i r c u m f e r e n t i a l  d e f e c t s .  I n  e d d y  
c u r r e n t  N D T  t h e  f r e q u e n c i e s  a r e  u s u a l l y  l o w  e n o u g h  t h a t  t h e  
d i s p l a c e m e n t  c u r r e n t  t e r m  i n  M a x w e l l ' s  e q u a t i o n s  i s  n e g l i g i b l e .  I t  
i s  p r o f i t a b l e  t o  i n t r o d u c e  t h e  m a g n e t i c  v e c t o r  p o t e n t i a l  A ,  d e f i n e d  
a s  B = r o t A ,  w h e r e  B i s  t h e  f l u x  d e n s i t y  v e c t o r .  F o r  t h r e e -
d i m e n s i o n a l  c o n s i d e r a t i o n s  a  v e r y  p o r t a b l e  f o r m u l a t i o n  b a s e s  o n  
s c a l a r  m a g n e t i c  p o t e n t i a l  φ :  H = T  g r a d  φ .  U t i l i z i n g  p r o p e r t y  
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divH = 0  o n e  c a n  o b t a in  f ie l d e q u a t io n s  ∇2φ = divT , w h e r e   
r o t T = r o t H = J. 
T h e  m o de l  o f  N D T -p r o b e  u s e d f o r  de t e c t io n  o f  m a t e r ia l  f l a w s  

s h o w n  in  F ig . 1  w a s  de s c r ib e d in  [ 1 ] . T h e  p r o b e  c o n s is t s  o f  t w o  
s h ie l de d e x c it in g  c o il s  a n d t h e  s e c o n da r y  c o il . I n  a b s e n c e  o f  t h e  
f l a w  t h e  p r o b e  is  b a l a n c e d t o  t h e  z e r o  o u t p u t  s ig n a l . I n  N D T  
a p p l ic a t io n s  t h e  s ig n a l  f r o m  e ddy  c u r r e n t  p r o b e s  c a r r ie s  
in f o r m a t io n  c o n c e r n in g  e n vir o n m e n t  c h a n g e s  o f  t h e  p r o b e . T h e  
c h o ic e  o f  s u it a b l e  e q u iva l e n t  m o de l  f o r  c o m p u t e r  s im u l a t io n  o f  t h e  
s e n s o r  is  p r o b a b l y  t h e  m o s t  im p o r t a n t . 
 
 

  
F i g .  1 .   T h e  m o d e l  o f  N D T -p r o b e                     
R y s .  1 .   M o d e l  s o n d y  w i r o p r ą d o w e j  
 
T h e  f in it e  e l e m e n t  m e s h  m o de l in g  t h e  p r o b e  f r o m  F ig . 1  

c o n s is t e d o f  1 7 0 2 8  t e t r a h e dr o n s  w it h  3 5 8 4  n o da l  p o in t s . T h e  m e s h  
dis c r e t iz in g  c o il s , c o r e  a n d s h ie l d is  s h o w n  in  F ig . 2  a n d F ig . 3 . 
 
 

  
F i g .  2 .   T h e  m e s h  i n s i d e  o f  c o i l s  
R y s .  2 .   S i a t k a  d y s k r e t y z u j ą c a  c e w k i  
 
 

  
F i g .  3 .   T h e  m e s h  i n  c o r e  a n d  s h i e l d  
R y s .  3 .   S i a t k a  w  r d z e n i u  i  e k r a n i e  
 

S in c e  t h e  r e l a t io n s h ip  b e t w e e n  t a n g e n t ia l  c o m p o n e n t  o f  f ie l d 
ve c t o r s  E a n d H o n  t h e  s u r f a c e  o f  c o n du c t in g  m a t e r ia l  is  g ive n  b y  
 

 SZ ( )× × ×E= Hn n n1 1 1 ,      ( 1 )  
 
w h e r e  Z s de s ig n a t e s  c h a r a c t e r is t ic  im p e da n c e  o f  c o n du c t o r s , t h e  
p r o b l e m  f o r m u l a t io n  b a s in g  o n l y  o n  φ a l l o w s  t o  a n a l y z e  m a g n e t ic  
f ie l ds  f o r  s u c h  m o de l s , w h e r e  t h e  e ddy -c u r r e n t s  in f l u e n c e  n o n -
r o t a t io n a l  f ie l d o f  φ o n l y  t h r o u g h  a p p r o p r ia t e  b o u n da r y  c o n dit io n , 
s o  c a l l e d im p e da n c e  b o u n da r y  c o n dit io n . U s in g  t h is  s im p l e  m o de l  
o n e  c a n  c a l c u l a t e  r e s is t a n c e  c h a n g e s  o f  a b s o l u t e  c o il  m o vin g  c l o s e  
t o  t h e  de f e c t  ( F ig . 4 ) . 
 
 

  
F i g .  4 .   R e s i s t a n c e  c h a n g e s  o f  a b s o l u t e  c o i l  f o r  d i f f e r e n t  c o i l  p o s i t i o n s  
R y s .  4 .   Z m i a n y  r e z y s t a n c j i  c e w k i  p r z e s u w a n e j  n a d  d e f e k t e m  
 
S o m e  a r r a n g e m e n t s  m a y  b e  m o de l e d u s in g  t w o -dim e n s io n a l  

a x is y m m e t r ic  c o de  f o r  c o m p u t e r  s o l u t io n . O n e  o f  t h e  m o de l s  w it h  
n a t u r a l  a x ia l -s y m m e t r y  is  s h o w n  in  F ig . 5 . T h e r e  a r e  p r e s e n t e d 
c o il s  in s p e c t in g  t u b e  w a l l .  
 
 

  

  
F i g .  5 .   D i f f e r e n t i a l  c o i l s  m o v i n g  i n s i d e  t u b e  
R y s .  5 .   C e w k i  r ó ż n i c o w e  p r z e s u w a n e  w e w n ą t r z  r u r y  
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Then, we should agree, that not only coils and tube, but also the 
m odeled def ect owns cylindrical sym m etry. This m ay be treated 
roughly as the case of  welds insp ection.  
 

3. I n v e r s e  p r o b l e m  
 
I nv erse p roblem  consists typ ically in estim ation of  m aterial 

p aram eters, inaccessible in direct way, basing on indirect 
m easurem ent of  other q uantities. F or ex am p le, distortion of  
conductiv ity inside tube wall yields m easurem ents of  m agnetic 
f ield distribution ov er the surf ace. This m easurem ents are only 
indirect related to the conductiv ity distribution that is to be  
determ ined. The estim ation p rocess is of ten ill-p osed due to noise 
in the inp ut data. To obtain at least ap p rox im ate solution in the 
case of  ill-p osed p roblem s regulariz ation techniq ues hav e been 
dev elop ed. 
F or the conductiv ity estim ation we use iterativ e algorithm  

basing on nonlinear op tim iz ation techniq ue of  G auss-N ewton. The 
dep endence between conductiv ity γ inside the f inite elem ents and 
the f ield distribution ov er the conducting p late rep resented by the 
m agnetic v ector p otential A , is giv en by the f ollowing eq uation:  
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     ( 2 )  

 
where:  j – num ber of  m easurem ents, i – num ber of  elem ents in the 
search region, [ S] - sensitiv ity m atrix . The f ield m easurem ents can 
be carried out either f or harm onic f eeding current of  f req uency ω, 
or f or im p ulse ex citation f or discrete tim e step s. F or ex am p le, 
when identif ying an inner crack , the m ulti-f req uency m ethod can 
be used. I n this case, the sensitiv ity v alues Sji are ev aluated in the 
f req uency dom ain. I f  the eddy-currents are induced by the coil 
driv en by non-harm onic current im p ulse, the tim e-dom ain 
ev aluation is necessary.  
The obj ectiv e f unction in the conductiv ity recognition p roblem s 

is nonlinear with resp ect to the m aterial conductiv ity. S o the 
iterativ e op tim iz ation p rocedure using sensitiv ity inf orm ation has 
to be adop ted. A f ter each iteration, the results are com p ared with 
that of  the m easurem ents and new v alues ∆Aj f or E q . ( 1 )  are 
obtained. The term s of  sensitiv ity m atrix  [ S] are obtained using 
adj oint m odel. This m ethod req uires an access to the source code 
of  f inite elem ent p ack age. H owev er, the calculations with standard 
F E -code are also p ossible, but not so ef f ectiv e. 
 
4 . E v a l u a t i o n  o f  s e n s i t i v i t y  m a t r i x  
 
S im ilar, as in the circuit theory, the sensitiv ity m ay be obtained 

either by direct dif f erentiation of  stif f ness m atrix  of  f inite 
elem ents, or by analysis of  adj oint m odel. B oth m ethods are 
num erically ef f ectiv e, but the Tellegen' s adj oint m odel m ethod 
deliv ers directly gradients of  goal f unction. I n f ollowing we 
describe ev aluation of  sensitiv ity in tim e-dom ain using Tellegen' s 
m ethod.  
D iscretiz ing non-hom ogeneous dif f usion eq uation f or transient 

m agnetic f ield analysis we chose the generaliz ed tim e step p ing 
schem e th e ta  described in [ 2 ]. The tim e f unction is ap p rox im ated 
with linear shap e f unctions, continuous f or ev ery tim e elem ent 
tn-1 ≤ t ≤ tn ( F ig. 6 ) .  
I n the case of  f irst order elem ents the f ollowing two lev el 

schem e can be shown:  
 

[ ] [ ] { } [ ] ( ) { } ( ){ } { }1 o 1 o
1 1 1 [ ] 1∆ ∆Θ Θ Θ Θ
t t − −

    + = − − + − +        K M A M K A i in n n n  ( 3 )  
 

where [ K] is the stif f ness and [ M] the m ass m atrix  of  f inite 
elem ents, { An}  is the v ector of  the desired node v alues, and { ion}  
is the discretiz ed ex citation ( nodal currents)  f or tim e step s n· ∆t, 
with n = 1 ,2 ,...,N . D ep ending f rom  assum ed v alue of  p aram eter Θ 
f rom  the range < 0 , 1 >  the f ollowing step p ing schem es m ay occur:  
f or Θ = 0  the eq uation ( 1 )  becom es f orward E uler schem e, f or 
Θ = 1 /2  the C rank -N icholson schem e, f or Θ = 2 /3  G alerk in 
schem e, and in the case of  Θ = 1  we obtain the back ward E uler 
schem e. The unconditional stability is guaranteed f or Θ f rom  the 
range of  < 1 /2 , 1 > . 
 
 

  
F i g .  6 .   F i n i t e  e l e m e n t s  i n  t i m e -d o m a i n  
R y s .  6 .   E l e m e n t y  s k o ń c z o n e  w  d z i e d z i n i e  c z a s u  
 
The Tellegen' s sensitiv ity eq uation m ay be deriv ed f rom  L orenz  

recip rocity theorem . Two system s hav e to be analyz ed, the adj oint 
one has the sam e top ology and m aterial p aram eters, and dif f ers 
f rom  original only with the ex citation. B oth are analyz ed on the 
sam e area Ω, but f or dif f erent tim es t and τ. The tim e τ is rev erse 
to t, it m eans τ = ξ – t, where ξ denotes the tim e, while the 
sensitiv ity is ev aluated.  
F or the task s of  electric f ield sensitiv ity v ersus electric 

conductiv ity γ, the sensitiv ity eq uation sim p lif ies to:  
 

( ) ( ) ( ) ( )+
o

0 0
δ d d δ  d d

ξ ξ

Ω Ω
J τ E t Ω t E τ γ E t Ω t+

⋅ = ⋅ ⋅∫∫∫ ∫∫∫          ( 4 )  
 

where E = –∂A/∂t is the only non-z ero com p onent of  electric 
intensity v ector, p erp endicular to the p lane of  analysis, A – non-
z ero com p onent of  m agnetic v ector p otential, and Jo ex citation 
current density. The v ariables denotes with ( + )  relate to adj oint 
system , other one to original. The sensitiv ity eq uation shows the 
changes in δE caused by conductiv ity v ariation δγ. 
The adj oint m odel allows to calculate the changes of  f ield v alue 

f or assum ed area on the whole. This area dep ends on the 
ex citation of  adj oint m odel. 
I n the case of  transient analysis, also the shap e of  ex citation has 

to be chosen. F rom  the sensitiv ity analysis p oint of  v iew, the right 
choice of  adj oint m odel ex citation leads to sim p lif ication of  the 
lef t hand side eq n. ( 4 ) . W e p rop ose an ap p lication either unit step  
im p ulse:  
 

 ( ) ( )o

0 for 0
1 for 0 ,

τ
i τ τ

τ
+ ≤= =  >Γ              ( 5 )  

 
or the D irac' s im p ulse:  
 

 ( ) ( )
( )
( )o

0 for 0
w h e re

d 1

τ τ
i τ τ

τ τ
+ ∞
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δ

δ
δ

.       ( 6 )  

 
The assum ed ex citations are not realiz able p hysically, they are 

acting only in v irtual, adj oint system . 
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a) 

  
 

b ) 

  
F i g .  7 .   U n i t  s t e p  i m p u l s e  as  ad j o i n t  m o d e l  e x c i t at i o n :  a) i n  t h e  b ac k w ar d   

t i m e  τ d o m ai n ,  b ) i n  t h e  c u r r e n t  t i m e  t d o m ai n  
R y s .  7 .   S k o k  j e d n o s t k o w y  j ak o  k s z t ał t  p o b u d z e n i a m o d e l u  d o ł ą c z o n e g o :  

a) w  c z as i e  p r z e c i w b i e ż n y m  τ ,  b ) w  c z as i e  o r y g i n al n y m  t 
 
 

a) 

  
 

b ) 

  
F i g .  8 .   D i r ac ’ s  i m p u l s e  as  ad j o i n t  m o d e l  e x c i t at i o n :  a) i n  t h e  b ac k w ar d   

t i m e  τ d o m ai n ,  b ) i n  t h e  c u r r e n t  t i m e  t d o m ai n  
R y s .  8 .   I m p u l s  D i r ac a j ak o  k s z t ał t  p o b u d z e n i a m o d e l u  d o ł ą c z o n e g o :  

a) w  c z as i e  p r z e c i w b i e ż n y m  τ ,  b ) w  c z as i e  o r y g i n al n y m  t 
 

 
5. E x a m p l e s  o f  c o n d u c t i v i t y  e s t i m a t i o n  
 
T h e  e x a m p l e s  b e l o w  ( F i g s .  9 ,  1 0 )  s h o w  c o n d u c t i v i t y  

d i s t r i b u t i o n  i n s i d e  t u b e  w a l l  e s t i m a t e d  a f t e r  5 ,  1 0  a n d  2 0  i t e r a t i o n s .  
U s e d  a l g o r i t h m  b a s i n g  o n  G a u s s -N e w t o n  m e t h o d  w a s  d e s c r i b e d  i n  
[ 3 ] .  T h e  i n p u t  d a t a  f o r  a s s u m e d  c r a c k  s h a p e  w e r e  o b t a i n e d  b y  
s i m u l a t i o n  u s i n g  t h e  m e s h  c o n t a i n i n g  1 8 9  6 9 6  f i n i t e  e l e m e n t s ,  
h o w e v e r ,  f o r  s o l u t i o n  o f  i n v e r s e  p r o b l e m  t h e  c o a r s e  f i n i t e  e l e m e n t  
m e s h  w i t h  1 2 8  7 0 0  w a s  i m p l e m e n t e d .  T h e  d i f f e r e n t  d i s c r e t i z a t i o n  
e r r o r  o f  b o t h  m e s h e s  g i v e s  t h e  s i m i l a r  e f f e c t ,  a s  n o i s e  b y  r e a l  
m e a s u r e m e n t .   
 
6 . C o n c l u s i o n s  
 
T h e  s u c c e s s  o f  n u m e r i c a l  e v a l u a t i o n  o f  c o n d u c t i v i t y  d i s t r i b u t i o n  

d e p e n d s  m a i n l y  o n  t h e  e x a c t  m e a s u r e m e n t  o f  t h e  m a g n e t i c  f l u x .  T h e  
e r r o r  o f  s e n s i t i v i t y  e v a l u a t i o n  h a s  a  s e c o n d a r y  m e a n i n g  a n d  
i n f l u e n c e s  o n l y  t h e  m a n n e r  i n  w h i c h  t h e  r e s u l t  i s  o b t a i n e d .  I n  t h e  
e x a m p l e s  s h o w n  a b o v e ,  i n s t e a d  o f  t h e  m e a s u r e m e n t s ,  t h e  m o d e l s  
w i t h  c r a c k s  w e r e  a n a l y z e d  b y  F E M  p r o v i d i n g  d a t a  f o r  f u r t h e r  
i t e r a t i v e  p r o c e s s .  T h e n ,  t h e  c r a c k s  w e r e  r e m o v e d ,  a n d  t h e  a l g o r i t h m  
t r i e d  t o  r e c o n s t r u c t  t h e  m a g n e t i c  f i e l d  b a s i n g  o n  s e n s i t i v i t y  v a l u e s  o f  

i n d u c e d  c o i l  v o l t a g e .  I f  t h e  r e a l  d a t a  c o n t a i n i n g  m e a s u r e m e n t  e r r o r s  
w i l l  b e  u s e d ,  t h e  r e s u l t s  c o u l d  b e  w o r s e .  
 
 

         
 

            
F i g .  9 .   C o n d u c t i v i t y  d i s t r i b u t i o n :  a) as s u m e d ,  b ) r e c o g n i z e d  af t e r  5  i t e r at i o n s ,   

c ) af t e r  1 0  i t e r at i o n s ,  d ) af t e r  2 0  i t e r at i o n s  
R y s .  9 .   R o z k ł ad  k o n d u k t y w n o ś c i :  a) m o d e l o w y ,  b ) r o z p o z n an y  p o  5  i t e r ac j ac h ,  

c ) p o  1 0  i t e r ac j ac h ,  d ) p o  2 0  i t e r ac j ac h  
 
 

       
 

            
F i g .  1 0 .   C o n d u c t i v i t y  d i s t r i b u t i o n :  a) as s u m e d ,  b ) r e c o g n i z e d  af t e r  5  i t e r at i o n s ,  

c ) af t e r  1 0  i t e r at i o n s ,  d ) af t e r  2 0  i t e r at i o n s  
R y s .  1 0 .   R o z k ł ad  k o n d u k t y w n o ś c i :  a) m o d e l o w y ,  b ) r o z p o z n an y  p o  5  i t e r ac j ac h ,  

c ) p o  1 0  i t e r ac j ac h ,  d ) p o  2 0  i t e r ac j ac h  
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