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In the beginning of this year, we converted our code to run on the CRAY 
computers at Los Alamos National Laboratory, and later at the San Diego Supercomputer 
Center. The Neptune-Pluto problem took nearly two hours of computer time. In 
anticipation of problems with many more bodies, we have updated the subroutines which 
perform the force calculations to enhance vectorization. These routines occupy 
approximately 90% of the CPU time used by our program. Test runs show that the 
combined effect of moving the code onto the CRAY and vectorizing the force routines has 
been a twelvefold iiicrease in speed over that of scalar machines. 

The next step in suiting our code for planetesimal accretion is to invoke the ability to 
handle collisions. We have now written the routines to identify and service two-body 
interactions. With this capability, we intend next to compare our results to those of other 
investigators, such as W etherill (1 985). W etherill simulated the accumulation of 500 
moon-sized bodies in a gas free environment. His Monte Carlo simulations typically 
produced four roughly earth sized planets in the order according to mass like that of our 
own solar system. We shall examine the sensitivity of the outcome (i.e. number and 
location of planets) to initial conditions. We also intend to develop more precise values for 
certain pyameters, such as gravitational cross section, collision frequency and impact 
energies, which are essential to analytical treatment of the problem. 

Task #3: Reg iond  Tectonics of Venus 
We are performing a regional analysis of the correlation between the gravity and 

topography fields of Venus, in an effort to determine the small and intermediate scale 
subsurface structure. This subsurface structure will provide us with valuable information 
concerning the depth of compensation, flexural rigidity of the lithosphere, thermal profile, 
and ultimately, the tectonic regimes characterizing Venus. Knowledge of Venus tectonics 
will then allow us to make inferences concerning reasons for the apparent differences 
between the earth and Venus in terms of global tectonics. 

The analysis of the gravity and topography of Venus is done using a two- 
dimensional Fourier admittance function technique, developed by Dorman and Lewis 
(1970) and McNutt (1979). This technique allows us to analyze the correlation between 
gravity and topography at different wavelengths, and to compare these correlations with 
model admittances. The main complication involved with this technique is the nature of the 
Venus gravity measurements. While a vertical gravity field is required for this admittance 
analysis, the Pioneer Venus Orbiter data consists of accelerations measured in the line-of- 
sight (LOS) direction - that is, accelerations along a line between the Venus surface, the 
spacecraft, and earth. 

We have written the computer programs necessary to convert this LOS gravity field 
to vertical gravity using quadratic sum minimization, an inverse method described by Kaula 
(1966), Jackson (1979), and Jackson and Matsu'ura (1985). This method combines the 
measured data, using a matrix representing the complete LOS observation geometry, the 
LOS data, and a covariance matrix of the measurement errors, with a priori information, in 
the form of a covariance matrix of resolving errors. This method involves two major parts. 
The first is representation of the LOS observation geometry in a 20 by 20 matrix form, 
involving averaging of the spacecraft altitudes, LOS azimuths and declinations, and the 
LOS gravity measurements. The solution of this problem is nearly complete. The other 
part involves the quantification of the a priori assumptions on the form of a covariance 
matrix. The assumption being made is that the topography and compensation are linearly 
related, but we don not know the amplitude (i.e. the depth of compensation) of this 
relationship. It now appears the best way to deal with this problem is to use a range of 



depths of compensation for our covariance matrices, and find the one which minimizes the 
chi-squared residuals. The programming for this method is also nearly completed. 

Choosing regions of study based on evidence of consistent tectonics has also been a 
problem. Division of the surface into radar units based on reflectivity and rms slope (Davis 
et al., 1986, Head et al., 1985) shows very complex relationships. Since the LOS gravity 
and topography show good correlation on a long-wavelength, regional scale, we have 
decided to delineate regions based on topography, and will use the residuals of the 
admittances to help decide if this delineation is justified. The programs to invert the data 
and solve for the equivalent surface mass distribution, and hence the vertical gravity field, 
have been completed, as have the programs to determine the admittance functions for the 
regions. Theoretical models have been derived for various compensation mechanisms for 
comparison with these results. All these programs have been tested with synthetic data and 
actual data is now being compiled. Preliminary results are expected shortly, to be followed 
by appraisal and interpretation. 

Task #4: Contrasts in the Evolutions of Venus and Earth 
The analyses related to the Earth's archean are being pursued. 

REFERENCES 

Aarseth, S.J., 1972. "Direct Integration of the N-Body Problem," in M. Lecar (ed.), 
Gravitational N- Body Problem (Dordrecht, Holland: D. Reidel), 373. 

Ahmad, A. ,  and Cohen, L. 1973. "A Numerical Integration Scheme for the N-Body 
Gravitational Problem, " J. Comp. Phys. , 12, 389. 

Boss, A.P. 1979. Theoretical Models of  Stellar Formation, Ph. D. Thesis, University of 
California, Santa Barbara. 

Davis, P. A. , Kozak, , R. C., and Schaber, G. C. 1986. "Global radar units on Venus 
derived from statistical analysis of Pioneer Venus orbiter radar data," J. Geophys. 
Res., 91, 4979. 

Dorman, L.M., and Lewis, B.T.R. 1970. "Experimental isostasy - 1. Theory of the 
determination of the Earth's isostatic response to a concentrated load," J. Geophys. 
Res., 75, 3357. 

Glatzmaier, G.A. 1984. "Numerical Simulations of Stellar Convective Dynamos. I. The 
Model and Method," J .  Comp. Phys. , 55, 461. 

Head, J. W.,  Peterfreund, A.R., Garvin, J.B., and Zisk, S.H. 1985. "Surface 
characteristics of Venus derived from Pioneer Venus altimetry, roughness, and 
reflectivity measurements," J. Geophys. Res., 90, 6873. 

Jackson, D. D. 1979. "The use of a priori data to resolve non-uniqueness in linear 
inversion," Geophys. J. Roy. Astr. Sac. , 57, 137. 

Jackson, D. D. , and Matsu'ura, M. 1985. "A Bayesian approach to nonlinear inversion," 
J. Geophys. Res. , 90, 58 1. 

Kaula, W .M. 1966. Theory of Satellite Geodesy (Waltham, Mass.: Blaisdell). 
McNutt, M. 1979. "Compensation of oceanic topography: An application of the response 

function technique to the Surveyor area," J. Geophys. Res., 84, 7589. 
Nacozy, P.E. and Diehl, R.E. 1978. "A Discussion of the Solution for the Motion of 

Pluto, " Celestial Mechanics, 17, 405. 
W etherill, G. W. 1985. "Occurrence of Giant Impacts During the Growth of the Terrestrial 

Planets, " Science, 228, 877. 
Williams, J. G. and Benson, G. S. 1971. "Resonances in the Neptune-Pluto System, " 

Astron. J. , 76, 167. 




