
Comment on “Indication from Pioneer l O / l l ,  Galileo, and Ulysses Data, of an 

Apparent Anomalous, Weak, Long-Range Acceleration” 

In a recent Letter [ 11 Anderson et aZ. report some very intriguing radio observations from 

various interplanetary spaceprobes over the past 18 years. They interpret this data as an 

anomalous deceleration of the spaceprobes. Here I offer a different interpretation: that 

the anomaly is related to the cosmological red sh@. 

From Figure 1 of their Letter, it appears that the actual phenomenon they have observed 

is the following: after all the usual factors have been accounted for, there is a steady 

residual decrease in the received f’requency v of the signals such that 

1; - _  - a, 7 
V 

where C is the time rate of change of the frequency and at is their symbol for a constant 

whose value is about - 2.8 x lo-’* per second. This number seems to be at least 

approximately independent of spacecraft type, distance from the Sun, and time. 

The interpretation Anderson et aZ. favor for this data is that the orbital velocity of the 

probes is decreasing more than the usual physical effects would account for; i. e., there 

would be an anomalous acceleration toward the Sun. From the Doppler-shift equation 

they then relate the assumed probe acceleration ap to their number at : 
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ap = a, c 

The observed value of at would then imply an ap of about - 8.4 x lo-* cm/s2. 

As I mentioned above, I suggest that the anomalous frequency shift is not caused by a 

deceleration, but instead that it is related to the cosmological red shift. One reason for 

my suggestion is that the observed value of at is within the observed range of values for 

the Hubble constant, H. 

a,= H .  (3) 

That is, using the spaceprobe-observed value of a, = (+ /v )  above, - 2.8 x lo-'* s- ', and 

a conversion factor of 3.086 x 1019 km per Megaparsec [2] gives us at = 86 km/s per 

Mpc. Measurements of galactic redshifts and distances give values of the Hubble 

constant between 50 and 100 km/s per Mpc, and some recent measurements tend to be in 

the middle or upper end of that range. For example, one [3] specifies 77 f 8 km/s per 

Mpc, while another [4] lists 89 +_ 10 km/s per Mpc . This approximate agreement 

between the spaceprobe-derived and the astronomically-derived values is remarkable. 

Here is a possible explanation of the agreement. According to general relativity, in a 

Friedmann-Walker-Robertson cosmos, an electromagnetic signal transmitted with 

frequency vo when the radius of curvature of space is & will arrive at a receiver with 

frequency v givenby 
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RO v = -v,, 
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v = --v 

when the radius of curvature of space at the time of reception is R. Regarding the 

product Ro v, as a constant (I will discuss that assumption below), taking the time 

derivative of eq. (4), and then using eq. (4) again, gives us the rate of change of the 

received fiequency : 

where R is the time rate of change of the radius of curvature. As cosmology textbooks 

show, the ratio Z?/R is the Hubble constant H, and its value is not necessarily constant 

with cosmic time. Since the spaceprobe observations are nearly in the present, we can 

denote the present value of H with the subscript zero and write eq. (5) as: 

r; - = - H o  
V 

This equation depends on my assumption that the product Ro vo remains constant. This 

would require that the spaceprobe’s transmitting frequency decrease proportionally to 1/R 

as the radius of curvature R of space increases. Perhaps that is what Anderson et al. 

meant by their alternate hypothesis of “time acceleration”. However, the scenario I am 



outlining would also require that clocks on earth not be changing. Otherwise the 

frequency decrease would not be detectable. 

Such a difference in clock behavior on earth and in the spaceprobes would require a 

physical difference to account for it. Perhaps the difference is that the curvature of space 

in the vicinity of the earth is dominated by the nearness of the earth’s mass and therefore 

is not much changed by the cosmological expansion of space. But at the great distance of 

the spaceprobes from the solar system, the cosmological change of curvature would be 

significant. The main problem remaining would be to understand precisely how such a 

change would hndamentally affect clock rates. 

Whether or not the details of my analysis above are precisely correct, the remarkable 

numerical coincidence in eq. (3) suggests that there is some profound connection between 

the expansion of space and the anomalous frequency shift. It could well be that 

Anderson et al. have made the first local measurements of the Hubble constant. 
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