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Generalized Kerner-wong equations are derived and c9mpared with 

geodesic motion of freely falling particles in a multidimensional , . I 

Universe with homogeae;ou_s fibres. It is argued that the new charges, 
ｾ＠

which couple to the generalized Jordan-Thierry fields are nonlinear. 
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ｾ･｣･ｮｴｬｹ＠ a dimensional reduction scheme was proposed based on a mul-

tidimensioD41 gravitational field constrained by an imposed global sym-

metry group. ln the ｾｲ･ｳ･ｮｴ＠ note we use the notation and the results 

of (1]. Eisa multidimensional Universe endowed with a gravitational· 

field gAB satisfying the Killing equations 

where 

L g • ., • 0 
E;. AS> 

1 

E:, ' 
1 

are basic vectors in the Lie algebra G • The reduction theorem given 

in { 1] shows that the ｲｾｩｮｩｮｧ＠ degrees of freedom in gAB can be 

described in terms of a gravitational field g (x) on space-time M 
. . ｾ｜Ｉ＠

(the manifold of G-orbits), gauge field A4(x) on M ·with gauge 
. ｾ＠

group K • ｎＯｈｾ＠ Where ·H is the isotropy group and N is the normali-

zer of H in G, and Higgs fields gaB(x) • (ga$• gab). The indices 

we use run as follows 

ｾＬｶＬ｡＠ - spa.ce-time 

i,j ,k G, 

a,B,y S ｾ＠ G/H 

｡ｾ｢Ｌ｣＠ L ｾ＠ GIN 

\ . 



- 5.-

a,b,c K a NIH 

I 

Our aim is to investigate motion of test particles in external fields 

glJ"'' A: , ｧｑｾ＠ • The simplest method to get equations of lllOtion is by 

the Souriau method i.e. from the invariance principles (see [2},. also 

[3] and references there). With the notation of [3] we get: 

for a vertical invariant vector field ｘｾ＠ (x
4)- on P 

a .. D X 
)J 

... 

, 

lx 8aa • xa(Cia,a _ + Caa,a) 

(1) 

for a horizontal invariant vector field X = A' (A-horizontal lift) 

(2) 

• 

...... 
'lbe responce functional f can be written as 

(3) 

and assuuiing its vanishing for displacements cVL given by (t) and (2) 

one gets TIJ"' • 1DXIJ1"' , J\1 • q ... tll and evolution equations · 
a a 
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-- (4) 
dt 

(5) 
dt 

where, 

(6) 

It is remarkable that the restrlcti'on of the invariance group to K, 

' as required by the abqve method, leaves completely undetermined time 

. evolution of the ''Biggs charges" zaB which couple to the Higgs fields 

In order to get: a deterministic system of equations of motion one 

can try to project geodesic motions in E onto M. Here, however, one 

meets the folloWing difficulty: a geodesic -y iu E need not be eonta.! 
" ｾ＠ ' . -

. . 
ined in the principal huDdle P realized as· a -submanifold of E. In 

fact, because the projections of .Y onto· the :Killipg vectors are cons,. 

tants of motion, . ·the angle between· y and· P (or rather. translations 

of P) remains constant. To.remedy this difficulty one could use ac-

tion of the 'global syumetry group G, to ｾｲ｡ｮｳｦｯｲｭ＠ y back to P.· 

Then, however, another problem-arises-the group element implementing 

the transformation is unique only modulo the stabili,ty grou1;1 H of P. 
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As. a result the effective charge looses its linearity - it takes va-

lues in' the manifold of Ad(H)-orbits inS • GLH. 

The detailed analysis and interpretation of the resulting evolution 

equations is difficult and will be given elsewhere [4]. Here we ｾｯｭｰ｡ﾭ

re the explicit form of geodesic equations in E with ＨｾＩ＠ and (5) in 

order to get some idea about the nature of the Higgsonic ｣ｨ｡ｾｧ･ｳ＠ ｚ｡ｾ＠ • 

The local moving frame in E (vielbein) eA we use ｣ｯｮｳｩｳｴｾ＠ of in-

variant horizontal vector fields ･ｾ＠ , and fundamental vertical vector 

fields ea • The Christoffel symbols_of gAB calculated at p P are 

r aa,y 

r 
Ｎ｡ｾＬ･＠

r ap;v 

r pv, a 

.. r 
ｾ｡Ｌ＠ a 

- r 
ｾ｡Ｌｶ＠

I. (the 

"'- r • ｩｾｾｧ｡｡＠｡･Ｌｾ＠

.. - r ... ·i F 
ｾＧ｜Ｑ＠ ,a. J.rv ,a 

Christoffel symbols of· g 

Dlus at p € P ·the geodesic equations are 

Di 
\1 

dt 

, . 

(7) 

(8) 

(9) 

lt\1 
on M). 

(10) 

• .. 

(11) 

• I 
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By ｣ｯｭｰ｡ｲｩｾ＠ Eqs (4) and (10) we see that the Higgsonic charge ZaS 

is not an independent quantity. We should have 

and 

aS .... •a•S Z "'XX (12) 

( 13) 

The ､ｩｦｦｾ｣ｵｬｴｹ＠ in interpreting the equations (11) ｾｳ＠ that an observer 

in M which is blind to the extra dimensions G"-8 will not distinguish 

between geodesics y and yh ' where h is any element of the stability 

group H. Both geodesics pass through the same point p E P and have 

•a t he same projection on M, nevertheless the vertical components x 

(taking values in G/H) differ by the transformation Ad(h). The dif-
, I A 

.ficulty does not arise for the ｣ｾｰｯｮ･ｮｴｳ＠ ia since ｶ･ｾｴｯｲｳ＠ inK • Lie{K) 

are ａ､ＨｈＩｾｩｮｶ｡ｲｩ｡ｮｴＮ＠ However, the ｲ･ｾｩｮｩｮｧ＠ Higgs charges Zab should 

be understood as b@jng built out of the H-orbits [qa] rathir than 

ｾ･｣ｴｯｲｳ＠ qa E L The least trouble for an interpretation gives the 

coupling ZabD g b in (10). Indeed, owing to the Ad(H)-invariance of , v a 

8ae. [1] we find that qaqbD g b depends,on the equivaience class 
v a 

(H-orbit) {q] of q ｾｮｬｹＮ＠ Also the coupling on the right hand side 

of (5) which gives rise to the coloured charge nonconse"ation, can be 

described in tenns of equivalence classes, [q] without any difficulties. 

' The interpretation of the remaining ,geodelic equations (11) for ｾ｡＠
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in terms of H-based quantities is given in [4], where evolution equa-

tion for the nonlinear Higgs charge [qa] is discussed. An alternative 

approach can be based onjthe following observation: among' the symmet-

ric tensors zab a b q q , where q runs through the orbit [q}, there 

is exactly one which is Ad(H)-invariant. Thus, as far as couplings 

via Zab are important, one could try to eliminate the-nonlinear [q]-s 

completely. However it is difficult to see how (11) could give_ an evo-

lution of the composite Zab without being forced to use its .{nonunique) 

a "square root" q • Therefore the nonlinearity of the Higgs charges [q] 

seems to be unavoidable. 

\ 
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