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            Abstract
According to general relativity, photons are deflected and delayed by the curvature of space-time produced by any mass1,2,3. The bending and delay are proportional to Î³ + 1, where the parameter Î³ is unity in general relativity but zero in the newtonian model of gravity. The quantity Î³ - 1 measures the degree to which gravity is not a purely geometric effect and is affected by other fields; such fields may have strongly influenced the early Universe, but would have now weakened so as to produce tinyâ€”but still detectableâ€”effects. Several experiments have confirmed to an accuracy of âˆ¼0.1% the predictions for the deflection4,5 and delay6 of photons produced by the Sun. Here we report a measurement of the frequency shift of radio photons to and from the Cassini spacecraft as they passed near the Sun. Our result, Î³ = 1 + (2.1 Â± 2.3) Ã— 10-5, agrees with the predictions of standard general relativity with a sensitivity that approaches the level at which, theoretically, deviations are expected in some cosmological models7,8.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 51 print issues and online access
$199.00 per year
only $3.90 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Figure 1: Geometry of the 2002 Cassini solar conjunction.[image: ]


Figure 2: The gravitational signal.[image: ]


Figure 3: The Doppler residuals.[image: ]
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