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The in terpre ta t ion  of the p a r a m e t e r s  in the genera l ized  Ker r - -NUT solution is cons idered  
by investigating the dynamical  cha r ac t e r i s t i c s  of the field cor responding  to a given solution. 
It is shown that the in terpre ta t ion obtained of these  p a r a m e t e r s  d i f fers  in some aspects  f rom 
the one genera l ly  accepted.  It is a s sumed  that the r eason  for this  is the unfortunate choice 
of the f r ame  of r e f e r e n c e  uti l ized in obtaining the dynamical cha rac t e r i s t i c s  of the field.  

In 1966, Demianski  and Newman obtained a new solution of Eins te in ' s  gravi tat ion equations [1]. 
This  solution p o s s e s s e s  a number  of ve ry  in teres t ing  and, in a ce r ta in  sense,  even ex t rao rd ina ry  p ro-  
pe r t i e s  which makes  its investigation ex t r em e ly  urgent .  The point is, it genera l izes  the two solutions 
which have at the presen t  t ime numerous  physical  and as t rophys ica l  applicat ions.  They exist  in t e r m s  
of the K e r r  [2, 3] and Newman--Unt i - -Tamburino (NUT) [4] m e t r i c s .  The solution cons idered  he re  was 
obtained by means  of a complex coordinate  t ransformat ion ,  where the Schwarzchild me t r i c  was uti l ized 
as the original  me t r i c .  Incidentally, let us note that until recen t ly  this unusual technique was applied pure -  
ly intuitively and its uti l ization was only just if ied by the c o r r e c t n e s s  of the resu l t s  obtained. The p roce -  
dure for  obtaining the solutions of Einste ints  equations by means  of a complex coordinate  t rans format ion  
has r ece ived  a r igorous,  mathemat ica l  bas i s  only in one of Newman's  recent  paper s  [5]. 

The Demianski--Newman (DN) solution is obtained by using the Newman--Penrose  fo rma l i sm [6], 
where a quasiorthogonal  t e t r ad  of isotropic vec to r s  

Z ~ = ( 1  ~,n ~, m ~,m~), l~n ~ = - m ~ m  ~.=I ,  (1) 

g:~v = l~  n" -~ l~ n " - -  tn ~ tn ~ - -  m~  m' .  (2) 

is uti l ized in the notation of the f ie ld  equations.  The eon t ravar ian t  components of the Newman--Penrose  
te t rad,  cor responding  to the DM met r ic ,  have the fo rm  

l~ = ~, n~ = U ~ . +  Xa~, 

tn~" = to~ + ~'~ ~] (a  = O, 2, 3). (3) 

Here  the following symbols  a re  introduced: 
- 

U --:- - -  [ l + m ( p + - P ) - - 2 b ( a c o s O + b ) P p + ( e 2 + g 2 ) P P ] ,  

i a  sin 0 - ~o = i A  - 

= - - C - T p ,  . V- nOP, 

~2 P ~ 3 =  i - X ~ 1, X ~ X 3 0,  
' V -sin 0 P' = = = 

1 A = a sin -~ @ + 4b sin ~ 0 (4) 
P= -- r - -  i (acosO + b) ' 2 
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Tha t  is ,  the  v e c t o r s  (3) w e r e  o b t a i n e d  in [1] by  a c o m p l e x  c o o r d i n a t e  t r a n s f o r m a t i o n  of the  in i t i a l  v e c t o r s  
c o r r e s p o n d i n g  to the  S c h w a r z c h i l d  so lu t ion .  It is  now e a s y  to ob ta in  the  m e t r i c  of the  so]u t ion  in ques t ion ,  
u t i l i z i n g  the r e l a t i o n s h i p  (2). One shou ld  s t i p u l a t e  that  t h i s  p r o c e d u r e  is  not p e r f o r m e d  e n t i r e l y  c o r r e c t l y  
in [11. 

The  e x p r e s s i o n  fo r  the  D e m i a n s k i - - N e w m a n  m e t r i c  wi th  c o r r e c t e d  e r r o r s ,  i n t r o d u c e d  in t h e i r  p a -  
p e r ,  has  the  f o r m  

A~ ~ l + aA ~ 0 -- A___.~pp 
sln 2 8 sin" 0 

-- 2U -- a2pp-sin 2 0 0 a ~  

- -  ?p- 0 
P~ 

sin 2 0 

(5) 

T h e  d e t e r m i n a n t  of the  m e t r i c  t e n s o r  (5) e q u a l s  

det g ~  = sin 20 

L e t  us  a l s o  c i t e  the  c o v a r i a n t  c o m p o n e n t s  gpv, s u b s t i t u t i n g  t h e m  into the fo l lowing  e x p r e s s i o n  fo r  the  
s q u a r e  of  the  4 - i n t e r v a h  

(6) 

ds ~ = --  2Udu  z + 2du dr + 2 (a sin 2 0 - -  2AU ) du d~ 

-- 2 A d r d ? - -  1 - d O ' - - [  sin20 ] 
PP t PP + A ( 2 A U + 2 a s l n ~ O )  dr 

x ~ = (u, r,  O, ~). (7) 

The  n o n z e r o  R i c c i  r o t a t i o n  c o e f f i c i e n t s  c o r r e s p o n d i n g  to (5) have  the  f o r m  

1 P= , ~ = - ~ = c t g ~  2 
r - -  i (acosO + b) 2 V 2 '  

1 - •  t 
= ~ - [ p  , ( m - - i b )  p 2 + ( m - - i b } ~ ] + ~ ( e ' + g 2 ) p z ~ ,  

1 
= ~ [(m - to) 02 - (e ~ + g-~) P51, 

ia sin 0 
V ~  [(m - -  ib) pa + (e' + g~) pa~]. 

And, f ina l ly ,  t he  c o n t r a c t e d  c o m p o n e n t s  of  the  W e y l  and M a x w e l l  t e n s o r s  equa l  

(8) 

- 3 ~. - 

~ = (m - -  ib) pa .q_ (e 2 + g , )  pap, ~3 = - -  -l/-- ~ ia sin 0 (m --  iO) p' - -  , ia sin 0 ( e  ~- + gZ) p' p, (9) 

W4 = - -  3 a~ sln z 0 (m - -  ib) p~ - -  3a ~ sin 2 0 (e ~- + gZ) p~, 

~ ,  = (e + ig )  
V 2  p2, @ 2 = _ . i a s l n O ( e + i g ) o a .  (10) 

As is  s e e n  f r o m  E q s .  (4) and  (7), the  DN m e t r i c  de pe nds  on the  p a r a m e t e r s  m, a,  b, e, and g. 
When  a = b = g = 0, it b e c o m e s  the R e i s n e r - - N o r d s t r o m  m e t r i c ;  when a= g = 0, a " c h a r g e d "  NUT space  
is  ob ta ined ,  and  when b = g = 0, we have  the  K e r r  s o l u t i o n  fo r  an e l e c t r i c  c h a r g e .  Thus ,  t h i s  so lu t ion  
un i f i e s  d i v e r s i f i e d  c l a s s e s  of g r e a t e s t  i m p o r t a n c e  f r o m  the po in t  of v i ew of the  p h y s i c a l  a p p l i c a t i o n s  of 
the  s p a c e s  ( l e t  us  m e n t i o n  tha t  D e m i a n s k i  was  a l s o  ab le  to  g e n e r a l i z e  t h i s  so lu t i on  in a r e c e n t  p a p e r  [7]). 

The  m e t r i c  (7) is  r e l a t e d  to the  D type  a c c o r d i n g  to  the  c l a s s i f i c a t i o n  of P e t r o v .  I t  p e r m i t s  the  
e x i s t e n c e  of  g e o d e s i c  r a y s  wi th  n o n z e r o  d i v e r g e n c e  and c u r l  (p # p ~ 0).  The  fac t  tha t  i t s  c o m p o n e n t s  do 
not  depend  on the t i m e  and the  angle  q~ i n d i c a t e s  that  the c o r r e s p o n d i n g  p h y s i c a l  s p a c e  p e r m i t s  two k inds  
of  m o t i o n  d e s c r i b e d  by  the  f o l l o w i n g  s o l u t i o n s  of  K i l l i n g ' s  e qua t i ons :  

~ = B ~ ,  ~ = B ~ .  
( I )  (~) (ii) 

In [i], the five parameters (m, a, e, b, g) are interpreted as follows: m is identified with the source, a 
with its angular momentum per unit mass, e with the electric charge of the source, b with the mass of a 
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type of magnet ic  monopole,  and g with its magnet ic  Charge. The fact that when b = g = 0 the me t r i c  (7) 
d e s c r i b e s  a K e r r  space  with a charge  s e r v e s  as the bas i s  for  the f i r s t  three  s t a t emen t s  and this, it would 
appear ,  e l imina tes  any  ambigui ty  in the phys ica l  in te rpre ta t ion  of the p a r a m e t e r s  m, a, and e.  The p u r -  
pose  of our  work, in pa r t i cu l a r ,  will be to show that even in this case  definite confusion ex i s t s  in the in t e r -  
p re ta t ion  of these  p a r a m e t e r s .  When a = 0, the DN solution d e s c r i b e s  a charged  NUT space .  In addition, 
in this case ,  on the bas i s  of the s t ruc tu re  of Maxwel l ' s  t ensor  (10), one can a s s u m e  that e c o r r e s p o n d s  to 
the e lec t r i c  charge  of the source ,  while g co r r e sponds  to a magnet ic  charge  which, as  is known, is l ack -  
ing in the c l a s s i ca l  e l e c t r o d y n a m i c s  of Maxwell  [8]. The s imi l a r i t y  in the s t ruc tu re  of the Maxwell (10) 
and Weyl (9) t en s o r s  a l lows one to say that b is a m a s s  of the "magnet ic"  type [1]. A s im i l a r  i n t e rp re t a -  
t ion of these  p a r a m e t e r s  in the NUT solution is c o r r e c t  in genera l  and we shall  give a r igorous  proof  of 
th is  in a future  p a p e r .  However ,  to begin with, let  us elucidate the phys ica l  meaning  of the quanti t ies  m 
and a o c c u r r i n g  in Eq. (7). 

If  one ca lcu la tes  the to ta l  energy  of the field c r ea t ed  by the source  of this  me t r i c ,  the following 
e x p r e s s i o n  is obtained: 

(12) 

(~ is E ins t e in ' s  constant) .  

T h i s  not exact ly  conventional  r e s u l t  is neve r the l e s s  phys ica l ly  c o r r e c t ,  In the fundamental  pape r  
[9], for  example ,  it is r e m a r k e d  that "in all global laws we deal with the total  energy,  ' t o ta l '  meaning 
summat ion  over  the en t i re  space  and all f o r m s  of ene rgy  ?' Thus,  the constant  m in the me t r i c  (7) is c o r -  
r ec t ly  in te rp re ted  to be  the total  ene rgy  of DN space,  and not the total  energy  of the ma t e r i a l  m a s s  as is 
a s s u m e d  in [1]. 

Let  us mention that in obtaining Eq.  (12) we p roceeded  on the ba s i s  of  the Denen- -Dozmorov  theory  
of r e f e r e n c e  s y s t e m s  a s soc i a t ed  with g rav i ine r t i a l  o b s e r v e r s  [10, 11], the cou r se  of the a rgument  being 
en t i r e ly  analogous to that p r e s e n t e d  in [12]. The question concerning calcula t ion of the value of the total 
m o m e n t u m  of the f ie ld c r e a t e d  by the source  of the m e t r i c  (7) is  ve ry  in te res t ing .  As a gene ra to r  of the 
conse rved  quanti t ies ,  we uti l ize the well-known expres s ion  of K o m a r  [13] 

F~ = 2__ (~; ,  _ ~,; %,, (13) 

which satisfies a strong conservation law in the form 

F;~ = 0. (14) 

In order to obtain an integral relationship, let us integrate Eq. (14) over a section of a world tube 

bounded by two spaeelike cross sections 

The  las t  in tegra l  over  the walls of the tube van i shes  at a suff icient ly g rea t  dis tance f r o m  a s y s t e m  of  finite 
s o u r c e s .  F u r t h e r m o r e ,  a s suming  that dS# =d V- s.p, s~ = - s ~ ,  i .e . ,  the no rma l s  t r a n s f o r m  into one another  
dur ing the motion of the t h r ee -d imens iona l  volume f r o m  6ne c r o s s  sec t ion  to the other ,  we finally obtain 

S = 5 (16) 

Thus, the in tegra l  SF#dS~ does not depend on the choice of the t h r ee -d imens iona l  volume of integrat ion 
and as a r e su l t  e x p r e s s e s  an in tegra l  conserva t ion  law. K o m a r ' s  exp re s s ion  (13) then b e c o m e s  physica l ly  
meaningful  when we assoc ia te  the quant i t ies  c h a r a c t e r i z i n g  the s y m m e t r y  of the space,  the Killing vec tor ,  
with the vec to r  f ield }P. In the case  under considera t ion ,  we have, taking into cons idera t ion  Eq. (13), the 
following exp re s s ion  for  the angular  m om en tum 

M 2 ;, __ ~,; ~);, dSv. = 4 ~[~; ~1 dSv., 
~-. (2) x d(2) (17) 

V S 

and an element of the two-dimensional surface bounding the three-dimen- where ~P is given by Eq. (11), 
s ional  vo lume equals [11] 

d&,  = ate &] Y - g dx~ dxa. 

Here ,  as in Eq. (15), we applied the G a u s s - - O s t r o g r a d s k i i  t h e o r e m  [14]. 

We shall  omi t  h e r e t h e  s imple ,  but r a t h e r  lengthy, calcula t ion accompanying  the one using Eq. (17). 
Le t  us wri te  the final e x p r e s s i o n  fo r  the moment  in a sphere  of rad ius  r 
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M (r) = - 4  ~ d~ f [r ~ q- (aAcosSin 00 + b) ~] {r (e 2 -}- g2) _ m [r 2 -- (a cos 0 7- b) 2 " 2rb (a cos 0 q- b)} dO. (18) 
q 

0 0 

We obtain the value of the total moment  by lett ing r go to infinity in Eq. (18) 

M =- lira M (r) -- 8 _  sir? 0 q- 4b sin 0 sin 2 d0. = 4 8~ma. -- 4 8~rnO (19) 
~'--~OO 3 ' " ~ . . . .  ' 

Let  us d iscuss  th is  r e su l t  in g r e a t e r  detai l .  When b = 0, an expres s ion  is obtained for  the angular 
m o m e n t u m  of the f ield desc r ibed  by the K e r r  me t r i c  5 In this  case,  the resu l t  (19) s e e m s  to be c lea r ly  
e x t r a o r d i n a r y .  In fact,  the genera l ly  accepted  in te rpre ta t ion  of the K e r r  me t r i c  is just such that it c o r r e -  
sponds to the f ield of a ro ta t ing  source  with m a s s  m and a total  moment  M = --(877ma/~) [15, t6].  In gen- 
e ra l ,  a s ignificant  number  of  p a p e r s  a re  devoted to calcula t ing the angular  momen tum of a K e r r  space .  
The  exp re s s ion  of K o m a r  (13) was uti l ized in [17] for  this pu rpose .  The usual, c o r r e c t  to a sign, e x p r e s -  
sion M = (8tuna/n) is obtained.  H o w e v e r ,  this r e su l t  is quest ionable .  The point is that the calculat ion 
shown in Eq. (19) actual ly  coincides  with the ca lcula t ions  in [17]. Therefore ,"  one must  consider  as in- 
c o r r e c t  e i ther  the resu l t  in [17] or  the one obtained by us.  (The express ion  M = -- {4/3) 8vma/>r for the 
K e r r  me t r i c  was obtained for  the f i r s t  t ime  in [18]). A thorough examinat ion fo r ce s  us to cons ider  the 
resu l t  (19) as  p r e f e r a b l e .  Apparent ly ,  an e r r o r  in the calcula t ions  was allowed in [17]. One can say the 
s a m e  concern ing  the r e su l t s  in [19]. One should espec ia l ly  d i scuss  [20], where  a check of the ca l cu la -  
t ions given the re  led us to detec t  an apparen t  e r r o r  in them.  Thus,  we a re  faced with the following d i l emma.  
E i the r  the r e su l t  (19) obtained by us is c o r r e c t ,  and one should acknowledge an unsa t i s fac to ry ,  genera l ly  
accepted,  in te rpre ta t ion  of the K e r r  m e t r i c ,  o r  ut i l izat ion of the in tegra l  express ion  (17) in the given case  
is incor rec t .  As is pointed out in a recen t  p a p e r  by Dozmorov  [21], the second assumpt ion  a p p e a r s  to be 
c o r r e c t .  Neve r the l e s s ,  the c o r r e c t  exp res s ion  fo r  the moment  is M = - ( 8 7 r m a / u ) ,  obtained on the bas i s  
of the theory  of g r av i ine r t i a l  r e f e r e n c e  s y s t e m s  and the Bondi coordinates  r igidly bound to them [11, 21]: 

In the same  way, a poss ib le  and c o r r e c t  in te rpre ta t ion  of the p a r a m e t e r  b, whose meaning in (19) 
is not en t i r e ly  c l ea r ,  as  well as of the r e s t  of the p a r a m e t e r s  occur r ing  in the Demiansk i - -Newman me t r i c  
(7), is found. Our next pape r  will be devoted to th is  p rob l em.  

In conclusion,  the author takes  this opportunity to thank I. M. Dozmorov  for  his a s s i s t ance  in c o m -  
ple t ing this paper ,  as well as all  of the par t i c ipan t s  in the s e m i n a r s  given by V. I. Rodicheva and D. D. 
Ivanenko who d i scussed  i ts  r e s u l t s .  
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