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Abstract  

Elec t ro magn e t i cs  an d  Max wel l ’s  eq u a t io n s  h av e  b een  in s t ru men t a l  i n  t h e  co n cep t io n  o f  man y e l ec t r i ca l  

en g in ee r in g  t ech n o lo gies .   I t  t h e  b eg in n in g ,  i t  was  t e l e grap h y,  an d  ro t a t i n g  mach in er i es .   Ov er  t h e  year s ,  

e l ec t ro ma gn e t i c s  h as  g i ve n  r i se  t o  n u mero u s  t ech n o lo gies  l i ke  wi re l ess  co mm u n ica t io n s ,  an t en n as ,   r a d ar,  an d  

mas er s .   On  th e  o p t i cs  s i d e ,  s i mp l i f i ed  r a y  o p t i cs  t h eo r y wa s  u sed  to  d es ign  l en ses  an d  fo cu s in g  s ys t e ms .  

As  man y o p t i ca l  s ys t e ms  can  b e  d esc r ib ed  b y r a y  o p t i cs  ap p ro xi mat io n s ,  t h e  f i r s t  a r e a  t h a t  r eq u i re s  t h e  fu l l  

so lu t io n  o f  Max wel l ’s  eq u a t io n s  i s  i n  mic ro wav e  en gin eer in g ,  an t en n a  d es i gn ,  an d  r e mo t e  an d  su b su r fa c e  s en s in g .   

Hen ce ,  t h e re  wer e  p res s in g  n eed s  to  d es i gn  b e t t e r  an t en n a  s ys t e ms  fo r  co mmu n ic a t io n ,  r ad ar  fo r  t a rge t  

i d en t i f i c a t io n ,  an d  r ad io  wav es  fo r  r e mo te  s en s in g .   Wh i l e  c lo sed  fo r m so lu t io n s  o ffe r ed  so me p h ys i c s  i n s igh t ,  

ap p ro xi mat e  so lu t io n s  were  in vo ked  to  fu r th e r  exp an d  th e  in s igh t  o f  d es ign er s  an d  en gin eer s .   Wh en  

ap p ro xi mat io n  so lu t io n s  were  e xh au s t ed ,  n u mer i c a l  meth o d s  o r  co mp u ta t i o n a l  e l ec t ro ma gn e t i cs  ( C EM)  wer e  

d eve l o p ed  to  fu r th e r  a id  d es ign er s  an d  en gin eer s .  

As  d e man d  fo r  n u mer i ca l  meth o d s  lo o ms ,  f as t  an d  e f f i c i en t  meth o d s  o f  so l v i n g  Ma x wel l ’s  eq u a t io n s  b eco me a  

p o p u la r  t op ic  o f  r es ea r ch .    Th er e  a re  es s en t i a l l y  t wo  c l ass es  o f  s o lver s  fo r  Ma x wel l ’s  e q u a t io n s :   

d i f fe r en t i a l  eq u a t io n  so lver s  an d  in t egra l  eq u a t io n  so lver s .   Wh i l e  d i f fe ren t i a l  eq u a t io n  so lver s  u se  mo r e  

u n kn o wn s  th an  in t egr a l  eq u a t io n  so lver s ,  t h e y  a r e  e as y to  i mp l e men t  an d  to  main t a in .  

In t egr a l  eq u a t io n  so lver s ,  o n  th e  o th er  h an d ,  u se  fe wer  u n kn o wn s ,  b u t  a re  mo re  d i f f i cu l t  t o  imp le men t .   Th e y  

a l so  yi e ld  d en se  mat r i x  s y s t e ms  th a t  a re  exp en s iv e  to  so lve  an d  s to re .   Ho we ver,  t h e  ad ven t  o f  f as t  so l ver s  h as  

gre a t l y  exp ed i t ed  th e i r  s o lu t io n  e f f i c i en c y.   As  o f  t h i s  p o in t ,  d en se  mat r ix  s ys t e ms  wi th  o v er  t h ree  b i l l i o n  

u n kn o wn s  h a ve  b een  so lv ed  u s in g  f as t  so lv er s .   Al so ,  t h e  p a th  to  l a rge  sca l e  co mp u t in g  r eq u i res  t h e  u se  o f  

i t e r a t i ve  so lver s .    

Ove r  t i me ,  a s  t h e  d e man d  fo r  CEM so l ver s  g ro ws ,  mo r e  co mp le x  s t ru c tu res  wi th  a  d i sp ro p o r t io n a te  n u mb er  o f  

u n kn o wn s  n eed  to  b e  so lved .    Th e y g i v e  r i se  t o  i l l - co n d i t i o n ed  mat r ix  s ys t e ms .   H en ce ,  p reco n d i t i o n er s  o r  

d o main  d e co mp o s i t i o n  meth o d s  a r e  d es i gn ed  t o  r ed u ce  th e  i l l  co n d i t i o n in g  o f  mat r i x  s ys t e m.   Th e  

p reco n d i t i o n er s  wi l l  g r ea t l y  e xp ed i t e  i t e ra t i ve  so lu t io n s  to  t h ese  p ro b lems .  

Max wel l ’s  eq u a t io n s  a r e  a l so  in t imate l y  r e l a t ed  to  math e mat i ca l  g e o met r y an d  to  qu an tu m p h ys i c s .     

D i f f e ren t i a l  geo met r y co n cep t s  can  b e  in vo ked  to  he lp  in  th e  se l ec t io n  o f  b as i s  an d  t es t i n g  fu n c t io n s  in  f i n d in g 

th e  mat r i x  r ep res en ta t io n s  o f  Max wel l  o p era to r s .   Fu r th e rmo r e ,  ev en  wh en  q u an tu m th eo ry i s  i n vo k ed  in  t h e  

q u an t i za t io n  o f  e l e c t ro magn e t i c  f i e ld s ,  t h e  f i e ld s  a re  s t i l l  go vern ed  b y  Max wel l ’s  eq u a t io n s .    Th er e fo re ,  

so lu t io n s  o f  Max wel l ’s  eq u a t io n s  a re  n eed ed  e ven  in  t h e  q u an tu m reg i me .   S i n ce  p h o to n s  p l a y an  i mp o r t an t  ro l e  

i n  t h e  man ip u la t io n  o f  q u an tu m in fo r mat io n ,  t h e  so lu t io n s  o f  Max wel l ’s  eq u a t io n s  wi l l  b e  i n s t ru men ta l  ev en  in  

q u an tu m o p t i cs  o r  q u an tu m e l e c t ro ma gn e t i cs .   Th e y wi l l  p l a y  an  i mp o r t an t  ro l e  i n  t h e  a re a  o f  q u an tu m 

co mp u te r s  an d  q u an tu m in fo r mat io n .   
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