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NOTE

A guide to those who wish to judge the author's contributions to the papers [2]

and [3] follows.

In paper [2] the author wrote sections

"Examples of Algebraic Computation in General Relativity"

"A Review of Six Algebraic Systems"

"LAM"

The author also constructed the algorithm used in the investigations

and obtained the results given for LAM and REDUCE.

In paper [3] the author was responsible for all sections except section 2.

Ian Cohen
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Algebraic manipulation by computer, or automatic symbol manipulation

(shortened to ASM) as it is usually referred to, may be popularly described as

the field in which the computer performs many of the operations of algebra

and calculus. A typical example would be a program which can differentiate or

evaluate certain standard integrals. One of the fundamental tenets in this field

is that one works with exact arithmetic This means that better precision is

often obtained than a calculation done using numerical analysis. It also means

that the final result is exact and can sometimes give more qualitative informa-

tion.

ASM has not been used much in theoretical physics, especially if one compares

it with numerical methods. This may be partly due to the fact that one needs

large computer memory to perform a useful calculation as well as the fact that

the ASM computing systems which have been created have not been user-orien-

tated enough. In fact the systems which have been most successful in theoretical

physics have been written for a specific branch of the subject.

The present author is of the opinion that the potential of ASM as a tool in

theoretical physics has scarcely been realized and hopes that the three papers

briefly discussed here will contribute, however slightly, towards redressing

this situation.

The first paper [ l ] deals with a perturbation calculation in general relativity.

Bond! has derived a Poynting vector for gravitational energy transfer in

Newtonian theory. Levy modified this expression in the case when the gravita-

tional potential is expanded as a multipole series. He then investigated a

slowly moving axisymmetric system using a perturbation expansion method

carried to the first order. After expanding the gravitational potentials as

multipole series, he obtained an expression for energy transfer which could be

identified with the earlier Newtonian case. His argument for this was largely

based on the fact that his expression gave the conservation of mass for an

isolated system. He argued further that if his identification were correct the

law of conservation of momentum should be obtainable. In [ l ] the present

author has checked Levy's first order calculations using an algebraic computing

system and finds that the physically interesting equations are correct. The



calculations are then taken to the second order and the law of conservation of

momentum is obtained from the field equations. It might be pointed out that one

has two expansions to deal with, both the original perturbation expansion and

the muttipole expansions of the potentials. Finally the equations obtained are

checked using the Bianchi identities.

The size of the calculations in this sort of work suggests that many research

workers in general relativity would benefit from the use of ASM not only as a

straightforward instrument to obtain the usual field equations from a given line

element but even in more specialized problems like series expansions.

The second paper [2] was written with this in mind and it is hoped helps

promote the use of ASM in the field. In [2] we first briefly review the field to

give some idea of the inherent possibilities. Then two problems are program-

med for six of the most available algebraic systems. The first problem is a

straightforward derivation of the field equations from a well known line

element called the Bondi metric, and the second is the calculation of the field

equations of the first paper but carried only the first order. This latter was

included to test the perturbation capacity of the systems. Each system is

reviewed and a comparison made between them.

A field which almost more than any other has benefited from perturbation tech-

niques is that of fluid mechanics, and the third paper [3] describes an investiga-

tion in this field using ASB. The problem considered is the spin up problem for

a rapidly rotating gas at low Macb numbers, that is the response of the gas to a

slight change of the container rotation rate. An expansion in a small parameter

is obtained to first order for the perturbed flow. One finds that for the time

scale considered the gas becomes cooler with time and the perturbation density

increases with radius. These qualitative results are found to agree with a

numerical calculation, A second order calculation for the pressure also serves

as a quantitative check of the numerical program. 3everal attempts are dis-

cussed which unsuccessfully tried to eliminate secular terms in the expansions.

The important point here is that it if extremely unlikely these attempts could

have been made without an algebraic system due to the size of the calculations.
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