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SPACETIME GEODESY BY NEURAL NETWORKS, L. B. Crowell, POD Associates, 2309 
Renard S.E. #201, Albuquerque, NM 87106 

The transmission of data across a region of curved spacetime will produce a 
distortion in a signal, as governed by the theory of general relativity[l]. A signal that is 
Doppler shifted in a time dependent manner has an information content different than the 
original signal. Further, this distortion is a measure of the spacetime curvature. This may 
provide us with a tool for surveying the curvature of spacetime in the vicinity of celestial 
bodies in the solar system. 

Consider a thought experiment where two satellites transmit data in curved 
spacetime. Satellite 1, as portrayed in figure 1, transmits data to satellite 2, and the neural 
network on board satellite 2 is set to the task of computing variations in the signal due to 
the transmission. Satellite 1 transmits the data, from 0 ,  along the vector field v and satellite 
2 receives the data at P. The vector fields v, and u respectively define, by being tangent 
vector fields, the null curves of photon propagation and the timelike curves for massive 

'4 particles. Assume that data is sent as electromagnetic signals; i.e. ,Si  = u~ . 
Consequently, the data is parallel transported along a null curve connecting the- two 
satellites. A record of the electromagnetic fields is stored in the computer memory nn 
satellite 1 and 2 and fixed with respect to each satellite's local tetrad basis (x,y,z,t). The 
signal is parallel transported along the timelike curves 0 ---> Q, and P ---> R. Satellite 
1 later sends the message from Q, along v, to satellite 2 at R. The signal propagates on the 
null curves along v and the timelike curves along u in a closed loop as depicted in  Figure 
1. Equivalently now treat the two transmissions of data between the satellites by the 
parallel transport of S around the loop. The objective is to compare at R the variation in 
the data sent along 0 ---> P --->R with the data sent along 0 --- > Q --- > R. The theory 
of neural networks is used as a model for the experimental apparatus that performs 
observations of data transmission in curved spacetime. Neural networks are used to 
examine the distortion of data due to the parallel transport of S along the closed loop 
described above. 

Satellite 2 has a set of receiving channels and an onboard computer, modeled as a 
neural network, with a finite set of machine states. The receiving channels are tuned to a 

specific set of signals, where the jth channel is tuned to the signal i m j .  The data set, 

bj'j =,,...,ti , can be accessed by the neural network. The computer is set to the task of 
. . 

evaluating the hypotheses of whether or not the data set b,} consists of the signal S,, with 

amplitude aj ,  phase @,, and wave vector kj = V@,. The evaluation of this hypothesis is 
related to the Hopfield energy function[2,3]. This function is a Lyapunov function that 
dictates that the neural network states {v,}~=~,...,, reach a local minimum. This condition, 

combined with a nonlinear differential equation for the vj's, gives the final state of the 
neural network. 
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Neural network architectures were proposed as a way to compute solutions to 
complex optimization problems[3]. The operation of neural networks in a relay experiment 
changes slightly in curved spacetime, where the satellites are traveling on separate geodesics. 
Any succession of null curves between the two satellite geodesics then gives the geodesic 
deviation of the two satellites[l]. The geodesic deviation in curved spacetime enters into 
the computation dynamics of the neural network on board satellite 2 for data carried on the 
proper interval between 0--- > P--- > R, when compared to data carried on the interval 0--- 
> Q--->R. The parallel transport of the signal vectors around the closed loop will be a 
measure of the curvature of spacetime within the closed loop. This curvature renorrnalizes 
the Hopfield energy function of the neural network and is a direct measurement of the 
gravity field. 

This theoretical model may be applied to map the gravity field of the sun, Jupiter, 
or possibly even the Earth. This would then be a tool for astrophysical measurements as 
well as a tool for satellite geodesy. 
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Figure 1: The transmission of data from 
satellite 1 and satellite 2 along two 
null geodesics. The parallel transport 
of the signal vectors S j  is shown. 
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