
On the linearity of the parametrised post-Newtonian metric

This article has been downloaded from IOPscience. Please scroll down to see the full text article.

1982 J. Phys. A: Math. Gen. 15 L103

(http://iopscience.iop.org/0305-4470/15/3/004)

Download details:

IP Address: 129.252.86.83

The article was downloaded on 30/05/2010 at 15:49

Please note that terms and conditions apply.

View the table of contents for this issue, or go to the journal homepage for more

Home Search Collections Journals About Contact us My IOPscience

http://iopscience.iop.org/page/terms
http://iopscience.iop.org/0305-4470/15/3
http://iopscience.iop.org/0305-4470
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience


J. Phys. A: Math. Gen. 15 (1982) L103-L104. Printed in Great Britain 
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Abtmct. The coordinate freedom at the post-Newtonian level is used to obtain a para- 
metrised post-Newtonian metric from which the dominating nonlinear term is absent for 
all gravitational theories within this framework. This absence makes explicit the fact that 
gravitational nonlinearities are not observable in the post-Newtonian approximation. 

Nonlinearities in a metric may reflect real physical nonlinearities in the gravitational 
field equations. They may also, however, be the result of the coordinate system 
chosen, as is stressed by Deser and Laurent (1973). The Schwarzschild solution in 
general relativity provides an example of this. In Eddington's form (Eddington 1924) 
the metric is fully linear in l/r,  while in Schwarzschild coordinates it is linear only in 
the post-Newtonian approximation. In isotropic coordinates, which are used by Will, 
Nordvedt and others in the parametrised post-Newtonian (PPN) formalism (see e.g. 
Will and Nordvedt 1972, Will 1974), the Schwarzschild solution is already nonlinear 
in this approximation. 

It was shown by Deser and Laurent (1973) that a general stationary spherically 
symmetric gravitational field can be described by a linear metric at the post-Newtonian 
level. Such a metric has the advantage of not obscuring the origin of nonlinearities, 
but of making explicit the fact that gravitational nonlinearities are not measurable in 
the post-Newtonian approximation. In this letter we generalise this result to a general 
gravitational field. It is found that the dominating nonlinear term (the one in goo 
which is proportional to the square of the Newtonian potential) can be gauged to zero 
by using the coordinate freedom at the post-Newtonian level. The parameters used 
in this linear PPN metric are the same as in the conventional metric. This makes it 
possible to use all the results from the old formalism (such as parameter values for a 
specific theory or observational limits on the parameters). 

The conventional PPN metric in isotropic coordinates is (Will 1974) 
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Replacing x k  by y ' in ( 3 )  gives negligible errors everywhere, except in the Newtonian 
part of goo. There one finds (Karlhede 1978) 

(4) 

where CD, is the term introduced by Will in connection with Whitebead's theory. The 
PPN metric then becomes 
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The term CD, should be introduced from the beginning among the possible terms 
in goo. That it fulfils the requirements for this is perhaps most easily seen from the 
relation (Karlhede 1978) 

Choosing e = @ makes U', the dominating nonlinear term, disappear. There are 
of course other terms which are nonlinear in the source distribution, such as @ z =  

(p 'U ' / l x  -x'l) &'. The leading parts of these, however, are propartional to l / r .  For 
general relativity E = 0 gives S c h w m h i l d  coordinates, since y = = 1 in this case. 

I should like to thank Professors S Deser and B Laurent for enlightening discussions 
on this problem. 
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