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s Av^ w  xSmQwQk

s `@ p~] w` v` @ y hQ  xSmQwQk  wOn ~  v r ~gy k ~  @v y Q.  e ~  k` l  –-  s m` n  (time - like),  av k ` X  –-  s m` n (space –
like) h`  XSn&  (null)  y n E@v n Q.  k ` l  –-  s m` n  xSmQwQk y k  v R  s Qq ~{Q  @ q k k ~  awr  av k` X  –-  k ` l   pỲ n ~wr y
k ` ly  v # n Q  y .  e nm Q  ym Qk Qs Q  r` mEv k  e ~  s Qq ~{Q  @q k  awr  av k `X  q Er  XSn &  y .  e n mQ  e m  r` mE@ v hQ  nQr W] k y k Ot
e ~  s Qq ~{Q  awr  a# w~@ w~  k` ly  s mQbn ~{ @ yn ~  vR  @ v ns k Q.  n Qr W] k y` t  e ~  s Qq ~{Q  @ qk  awr  av k` X@ y hQ  @ v ns k ~
n# w.  a `@ l` ~k @ y ~ @v Qgy t  adE  @v Qgy k Qn ~ cln y v n @ v nw ~ n Qr Q] k yk Ot  e v #n Q s Qq ~{Q @ q k k ~ awr  cln y  v Qy
h# k Q  y .  @v n w~  v cnv lQn ~  k Qv @ h` w~  e v# n Q  n Qr W] k y k Ot  ev # n Q  s Qq ~{Qy k  sQt  a@ n k ~  s Qq ~{Qy t  cln y  v Qy  h# k Q
y . e @ hw~ e @s ~ vn ~@ n ~ k ` ly  v X@ yn ~ gw~k l ad E s Qq ~{Q@ y ~ s Qt  v# dQ  s Qq ~{Qy  k r`  y . 

av k ` X –- sm` n  xSmQwQk v l  s Qq ~{Q @ q k k ~ awr  av k ` X –- k ` l  pỲ n~wr y av k ` Xy  v #n Q y . ehQ  @ w~r # m  nm Q y mQ
r ` mEv k  nQr W] ky k Ot  e ~  s Qq ~{Q  @q k  awr  k ` l  pỲ n~wr y k ~  @ n` m# wQ  bv  y .  @ vn w~  nQr W] k y n ~t  e v# n Q  s Qq ~{Q
@ qk k ~  aw r  av k ` X  @v n s k ~  a# wQ  n mEw~  e ~  s Qq ~{Q  @q @ k n ~  ek ~  s Qq ~{Qy k  s Qt  a@ n k ~  s Qq ~{Qy t  y $mt  a` @ l` ~k@ y ~
@ vQg y t v # dQ @ v Qgy k Qn ~ cln y  v Qy  y EwO  y .  s `m` n & aAXOv lt  e v# n Q s Qq ~{Q aw r  cln y  v Qy  @n `  h# k Q y . 

XSn&  xSmQwQk y k  s Qq ~{Q  @ qk k ~  awr  av k `X  –-  k` l   an ~wry  XSn&  @v y Q.  ev # n Q  sQq ~{Q  @ q k k ~  aw r  cln y  v Qy
h# k ~@ k ~  @ f` ~@ t` ~n v lt  y .  @ v n w~  v cn v lQn~  k Qy n ~@ n~  n mQ  @ f` ~@ t` ~n  ( a` @ l ~̀k y )  gmn ~  k rn ~@ n ~  XSn &
xSmQwQk v l  y .  v Q@ X~;  s ` @ p~] w`v ` q@ y hQ  pYX~n y k ~  @ n` v En w~,  s ` {`r N  s ` @ p~] w` v` q@ y hQ  @v Qgy  g #n
k w` kr n ~@ n ~ s ~}` n Wy  v X@ yn ~ bv  av {` r Ny  k L  y EwO  y . 

v Q@ X ~;  s `@ p~] w` v` q @ y hQ  @ mn ~  m  s` {` r N  s ` @ p~] w` v` q@ y hQ  q  bl  r hQw  s ` m`n &  aAXO  h`  v s ~wO  cln y
vn ~@ n ~  k` l  –-  s m` n  xSmQwQk v l  y .  e@ hw~  ap  k lQn ~  s [hn ~k r  a# wQ  pr QqQ  s ` {` rN  s `@ p~] w` v ` q @ y hQ  bl
r hQw  aAXO  y n E  nQv Q@ t` ~n Wy  @ x_ wQk @ y hQ  n mQ  gOr # w~v `k r ~;N  bly  y t@ w~  cl ny  v n  aAXO  y .  v Q@ X~;
s `@ p~] w` v` q y  h`  s ` {`r N  s ` @ p~]w `v `q y  awr  a# wQ  @ mQ @v n s~k mQ  s QhQ wb` gw  y EwO  y . 

apQ  @ mw# n~  sQt  k` l  –-  s m` n  xSmQwQk v l  cln y  vn  s ` m`n &  aAXO  g#n  v Qms QlQmw~  @ v mE.  @ mQ  aAXOv l  (@ v nw ~
aAXOv lt  q  @ mQ  k r# N  @ p` q E  y)  s Qq ~{Q  y `  kr n  @ r ~K` v lt  v QX~v  @r ~K`  (world line)  y# y Q  k Qy mE.  s `m` n &
aAXOv k  s Qq ~{Q  @ q k k ~  awr  av k `X  -  k` l  pỲ n ~wr y  k `l  –-  s m`n  @ vy Q.  @ mQ  aAXOv lt  e b# v Qn ~  k` l  –-  s m` n
aAXO  y n E@v n ~  q  x `v Qw`  @v y Q.  k` l  –-  s m` n  aA XO  k ` l  –-  s m`n  xSmQwk v l  cln y  vn ~@ n ~  bl  r hQw  av s ~} ` v l
y .  e v #n Q  aA XO  s` {` r N  v X@y n ~  gw~k l  bl  r hQw  v  @ h` ~  bl  s hQw  v  @ h` ~  v QX~v  @r ~K`  q Q@ g~  cln y  @ vy Q.
xSmQwQk  q  v QX~v  @r ~K`  v Q@ X~;y k ~  @v y Q. bl r hQw avs ~} `@ v Q q W vQX ~v @r ~K` v lt xSmQwQk  y# y Q k Qy n E l# @ bQ. 

y mQk Qs Q  r ` mEv k  k` l  –-  s m` n   aAXOv k  v QX~v  @r ~K` v l  k ` l  KN ~d` A k y  @ mn ~  m  av k ` X  KN ~d` Ak  q  @ vn s ~
@ vy Q.  v QX~v  @r ~K` v k  av k ` X  KN ~d` Ak  v # dQ  @ h` ~  adE  @ h` ~  v Qy  h# k Q  n mEw~  k ` l  KN ~d` Ak y  s `{` r N  v X@ y n ~
gw~k l  v # dQ  @ v y Q.  k ` l  KN ~d` Ak y  e k ~  s Qq ~{Qy k  s Qt  ehQ  pYwQP ly k ~  @ ls  a# wQv n  s Qq ~{Qy k ~  q k ~v `  v # dQv nE  mQs
adEv n E  @n `  @v Q.  @ mQ  v QX~v  @ r ~K` ,  e b# v Qn ~  e hQ  v Q@ X~;y k ~  vR  xSm QwQk  s ` {` r N  v X@ y n ~  gw~k l  v Qv^ w  @v y Q.
en mQ  e~  @ r~K `  s Av^ w  @ n`  @ vy Q.  ehQ  @ w~r # m  vQX~v  @ r~K `v k ~  e k m  KN ~d` Ak  k Olk y k ~  @q v r k ~   @ n` gn ~n`  b v
y .  k ` l  –-  sm` n  aAXOv k t  av k ` X  KN ~d` Ak   ek ~v r k t  v d`  gwh# k Q  n mEw~  k ` l  KN ~d~Ak y  gw  h# k ~@ k ~  e k ~
v w` v k ~ pmNk Q.  e ~ @h ~wO@ v n ~ k ` l  –-  s m`n  aAXOv k  v QX~v  @ r~K`  s Av ^ w @ n `  @v Q.  

v QX~v  @ r ~K`  s Av^ w @ n` v n ~@n ~  nmQ  v Q@ X~;Qw  v QX~v  @ r ~K`  v R xSm QwQk  q  s Av^ w v Qy  @ n`  h# k Q y .  e @ hw~  s ` {`r N
s `@ p~] w` v` q @ y hQ  a# w# mQ  av k` X  -  k ` lv l  sAv ^ w  xSmQwQk  @ v y Q.  e n mQ  e ~  av k` X  -  k ` lv l  k ` l  –-  s m`n
xSmQwQk  @ ls  s Av ^ w  @ r ~K`  l #@ by Q.  e hQ  @ w~r# m  e v #n Q  xSmQ wQk y k t  y mQ  k ` l  KN ~d` Ak y k ~  (KN ~d` Ak )
e k ~v r k t  v d`  gw  h# k Q  bv  y.  e ~  av s ~}` @ v hQ  q W  av k ` X  KN ~d` Ak  q  e k ~v r k t  v d`  @ gn  a# wQ  n mEw~  apt
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ey  pYX~n y k ~  @n ` v n ~@ n ~  k `l  –-  sm` n  aAXOv k t  av k` X  KN ~d` Ak  e k ~  v r k t  v d`  gw  h# k Q  b#v Qn Q.  apt
e k m s ~}` ny t k Qh Qp  v w` v k ~ g Qy h# k Q @v y Q. 

k ` l  –-  s m` n   aAXOv k t  av k ` X  KN ~d` Ak  e k ~  v rk t  vd `  gw  h# k Q  vWm  apt  pYX~n y k ~  @n `v EN  q  k ` l
KN ~d` Ak y  ek ~  v rk t  v d`  gwh# k Q  vn ~@ n ~  @ k @s ~  q  yn ~n  pY X~n y k ~  @ vy Q.  k ` l  –-  s m` n  aAXOv k t  e @ s ~  k ` l
KN ~d` Ak y  e k ~ v r k t v d`  gw h# k Q  vn ~@ n ~  k` l  KN ~d` Ak y  y mQ  pr ` sy k  v# dQ  v W  @ vn w~  pr ` s y k  adE  vn ~@ n ~
n mQ pmN k Q.  av k ` X KN ~d` Ak  adE  v Qy  h# k Q vEv w~ k ` l  KN ~ d`A k y  adE  v n ~@ n ~ @ k @s ~ q?

e ~  k Omk ~  v Ev w~  s ` {` r N  s `@ p~] w` v `q @ yh Q  e @ ls  k ` l  KN ~d` Ak y  adEv n  xSmQwQk  a# w# mQ  av k` X  -  k ` lv l
v Qs [EmQ  @ ls  l# @ by Q.  uq ` hrN y k ~  v X@y n ~  iw `  pYs Qq ~{  gr ~dQl~  av k `X  –-  k` ly  (Gödel Space - Time)
q # k ~v Qy  h# k Q  y .  @ mQ  av k ` X  -  k ` ly  l#@ bn ~@ n ~  s ` {`r N  s ` @ p~] w` v` q @ y hQ  ay Qn ~s ~ty Qn Wy  @ ] wY  s mWk r N
v QX~vy  s [h`  v Qs[W@ m Q q W y . e y  e v Qt v QX~v @v Qq y t  q  ay w~ pYX~n y k ~ @v y Q. gr ~dl~  v Qs [E@ mn ~ l# @ bn ~@ n ~ xYmN y
vn  v QX~vy k Q.  v QX~v @ y ~  s $ m  v s~wOv k ~  m  p` @ h~  xYmN y  vn  b# v Qn~  gr ~~dQl~  v Qs[ Em  g#n  v QX~v@ v Qq Q@ y` ~  v Q@ X~;
s # lk Ql~lk ~  q k ~vw Q. 

gr ~dQl~  av k ` X  -  k `l @y hQ  a# w# mQ  pr ` s y k  k` l  KN ~d` Ak y  adEv n  xSmQwQk  @ v y Q.  e ~  xSmQwQk  s Av ^ w  q  @ vy Q.
ey Qn ~  k Qy # @ vn ~@n ~  gr ~dQl~  av k ` X  -  k ` l@y hQ  @ hv w~  gr ~d Ql~  v QX~v@ y hQ  aAXOv k t  (n Qr W] k y k Ot)  e k ~  w# n k Qn~
y mQk Qs Q  k` ly k  q W  ptn ~@ gn  e ~  s ~} `n y t  m  ey t  @ pr  k ` ly k  q W  p#m QN Qy  h# k Q  bv  y .  gr ~d Ql~  v Qs [Em
ay Qn ~s ~tyQn Wy  smWk r N v l vQs [Emk ~  b# v Qn~ bthQr  vQq &` Zy n ~t  e~ pQLQg# nWm t  b` {` v k ~ n # w. 

e ~  sAs QQq ~{Qy  apt  s Qw` g# n Wmt  aphs E  @q y k ~  vQy  h# k Q  y.  e @ hw~  bthQr  @ x_ w Qk  v Qq &` Zy n ~t  an Ev  apt  e @ s ~
s Qw` g# nWmt  @n ` h# k Q  v R  @q ~  psEv  n Qr W]N v lQn ~  @ pn ~n EmQ  @ kr W  a# w.  s^ N  Xk ~wQy k ~  a# wQ  @ p` sQ@ tỲ ~n  s Qw` gw
@ n` h# k Q  aA XO  v Ev w~  e~  wQ@ b n  bv  v Qq & `Z@ y ` ~  q# n ~  qn QwQ.  e@ ls  m  s Av ^ w  k `l  –-  s m`n  xSmQwQk  shQw  v QX~v
a# w# y Q  bthQr  vQq & ` Z@y ` ~  v QX~v` s  kr wQ.  ov EhE  a #w #m Q  v Qt  e v# nQ  xSmQwQk y k  cln y  k ` l  c` r Qk `  @ ls
h[En ~v wQ.  

bthQr  @ @ s q ~{` n ~wQk  @ x_ wQk  v Qq &` v  aq  e k ~wr `  ay Er k Qn ~  gw@ h` w ~  pr W]N ` w~mk  @ x_ wQk  v Qq & `v t  e wr mQ
w# n k ~  @ n`  @ q y Q.  ps EgQy  s Qy v @s hQ  bthQr  @ @s q ~{` n~w Qk  @x_ wQk  v Qq& ` v  j y gYhN  r ` XQy k ~  aw~k r @ gn  a #w Q
bv  p# h# q QlQ  y .  a p  q  p` s l~  v Q@ y ~  s Qt  m  bthQr  @ @ s q ~{` n ~wQk  @ x_ wQk  v Qq & `v t  a `k r ~;N y  v Wmt  ey  q  e k ~
@ h~wOv k Q.  bthQr  @ @ sq ~{`n ~wQk  @ x_ wQk  vQq & `v  bthQr  pr Q]N ` w~mk  @ x_ wQk  v Qq & `v t  v d`  @ b` @h ` ~  iq Qr Q@ y n ~
s QtQyQ.  bthQr  @ @s q ~{` n ~wQk   @ x_ wQk  v Qq& `@ v n ~  pE@ r` ~k }n y  @ k@ r n  pYpAc  pr Q] `  k Qr Wm  s [h`  pr W] N
p# v# w~v Wm aq  b thQr  pr Q] N ` w~mk  @ x_ wQk  v Qq& ` v t pYX~n y k ~ v W a# w. 

k ` l  c`r Qk ` v k ~  s# ls EmQ  k Qr Wmt  bthQr  pr Q]N ` w~mk  @ x_ wQ k  v Qq & `v t  wv  @ b`@ h ` ~  k ` ly k ~  gwv n E  a# w.
e@ wk ~  bthQr  @ @ s q ~{`n ~wQk  @ x_ wQk  v Qq& ` Zy n ~t  wm  pr Qk l~pn v l  pQn EmQ  g# s W@ mQ  avs ~} ` v  h QmQ@ v yQ.
@ @s q ~{` n ~wQk  @ x_ wQk  v Qq & ` @v hQ  s Av ^ w  k` l  –-  s m` n  xSmQwQk  @v Q  n mQ  e ~  @ n` pQLQgw  h# k ~@ k ~  a#y Q  q# y Q
@ @s q ~{` n ~wQk  @ x_ wQk  v Qq & ` Z@y ` ~ pYX~n  k r wQ. 

e@ h w~  ov En ~  amwk  k rn  v #q gw ~  pYX~n y k ~  @ v yQ.  s` @ p~] w` v `q @ yhQ  av k ` Xy  h`  k` ly  ek  s m` n  v
s # lk Wm  @k @ wk ~  q Er t  pQLQgw  h# k Q  q ?  s` @ p~] w` v ` q@ y hQ  v Ev w~  k ` ly  h`  av k `Xy  mEUmn Qn ~  m  ek  s m` n  v
@ n`  s # l@ ky Q.  e hQ a vk ` X - k` l pỲ n~wr y  lQy# @ v q ~q W k ` l  Kn ~d` Ak @ y hQ vr ~g@ y hQ sAgON k y  {n  vn ~@ n ~ n mQ
av k ` X  KN ~d` Ak v l  vr ~gv l  s AgON k  s ^ N  @v y Q.  e @ hw~  e~  @ v ns  wQbQy  q W  q  s `@ p~] w` v ` q W  @ x_ wQk @y hQ
k ` ly t  h ` av k ` Xy t  e k  s m`n  s # lk Ql~lk ~  q #k ~@ v y Q.
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k ` ly  h `  av k` Xy  e @ ls  ek  s m`n  v  s # lk Wm  ucQc s~} `n yk t  @ g@ n  lq ~@ q~  @ n `@ bl~  w &` gl` xW  i Ag Qr QsQ
j `wQk  @x_ wQk  v Qq& ` Zy k O  v R  @ p` ~l~  dQr Fk ~  mhw`  v QsQn Q.  o hE  k ~@ v `n ~tmQ  @ x_ wQk @ y hQ  ;~@ r` dQAgr ~  s mWk r N y
v Q@ X ~;  s ` @ p~] w` v` q y t  g# l@ pn  pr Qq Q  lQy E@v Q  y .  e n mQ  av k ` X  h`  k ` l  KN ~d` Ak v lt  e k m  a` k `r @ yn ~
s # lk Qy  yEwO  y  y n  pq n @ mQ s Qt  oh E e ~ s mWkr N y  amEwO@ v n ~  lQy E@ v Q  y.  e hQ pYwQP ly  v QX~my  j nk  v Qy .  

e@ s ~ lQy n  lq  sm Wk rN  mgQn ~  o hE  s^ N  Xk ~wQy k ~~  s hQw  aA XO  wQbQy  h# k Q  bv  an `v rN y  @ k @ L~  y .  @ p` s Q@ tỲ ~n
y nE  e v #n Q  aAXO  v Q@ X~;y k Q.  dQr Fk ~  mhw`  wm  sm Wk rN  a# sE@ r n ~  @ p` s Q@ tỲ ~n  g#n  pE@ r` ~k }n y  k Qr W@ mn ~  vs r
k QhQpy k t  ps E  pr Q]N ` g` r@ y ~  q W  @ p` s Q@ tỲ ~n  q # k  g# n Wmt  bth Qr  @ x_ w Qk  v Qq& ` Zy n ~t  h# k Q  v Qy .  dQr Fk ~
s mWk rN @ y hQ  pYwQP ly k ~  @ ls  s @ p~] w` v` q W  k ~@v ` n ~tmQ  @ x_ wQk  v Qq &` v  bQhQv Qy .  ps Ev  k ~@ v` n ~tmQ  @ ] wYv` q y
(Quantum Field Theory) bQhQv R@ y ~  e ~  a# s E@ rn Q.  k ~@v ` n ~tmQ  @] wYv ` q y  @ m@ wk ~  @ l` ~k @ y~  a# wQ  v E  s` r ~} k
m pYv ` q y  @ ls  s$ l@ k y Q.  

e@ h w~  @ mhQ  pYX ~n  n # wQv `  @n `  @ v Q.  av Er # q E  h# w~w $v k t  a{Qk  k` ly k ~  wQs ~@ s ~  bthQr  @ x_ wQk  vQq & `Zy n ~
uw~s ` h  gn `n `  n mEw~  wv mw~  s ` {`r N  s ` @ p~] w`v ` q y  h`  k ~@ v `n ~tmQ  @ x_ wQk  vQq &` v  e k wO  k Qr Wmt  bthQr
@ @s q ~{` n ~wQk  @ x_ wQk  v Qq & ` Zy n~t  @n ` h# k Q  v W  a# w.  dQr Fk ~  s mWk r N@ y n ~  @k @ r n ~@ n ~  k ~@v `n ~tmQ  @ x_ wQk
v Qq& ` v  h`  v Q@ X~;  s ` @ p~] w` v `q y e k wO k Qr Wmk Q.  @ x_ wQk  v Qq& ` @ vhQ q # k ~@ vn  v Qq & Ew~ cEmQbk  b ly,  q Er ~v l bly
h`  Xk ~wQmw~  bly  e k wO  k Qr Wmt  @@ s q ~{` n ~wQk  @ x_ wQk  vQq &` v  s mw~  v W  a# ww~  gOr # w~v ` kr ~;N  bly  a@ n k ~
bl  s mg  e k wO  k Qr Wmt,  e n mQ  s` {` r N  s ` @ p~] w` v ` qy  iwQr Q  bl  (@ ] wY)  s mg  e k wO  k Qr Wmt  av Er #q E
h# w~w$ v k t  pm N  ps Ev w~  bthQr  @ @s q ~{` n~w Qk  @ x_ wQk  v Q& ` Zy n ~t h# k Q v W n# w.

mh`c`r~y nl]n\ q s]l\v`mh`c`r~y nl]n\ q s]l\v`mh`c`r~y nl]n\ q s]l\v`mh`c`r~y nl]n\ q s]l\v`
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