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What is a gravitational lens? 
Gravita'onal	lens	effect	



The Discovery of the Phenomenon	
Henry 

Cavendish 
(1731	–	1801) 

Johann Georg von 
Soldner 

(1776- 1833) 
 

Albert Einstein 
(1879 - 1955) 



The Observation of the 
Solar Eclipse 29.05.1919 Gravitational lens effect 



§  Bending of the light 
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§  Line of focuses 



Parameters and capabilities of the gravity telescope 
 

o First	Focus	-	784	АU 



Scheme of a gravitational 
lens 

Using the formula ​​d↑I /​r↑I  = ​d/r  we can determine the diameter of the 
planet's image obtained with the solar gravitational lens. 
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Earth like exoplanet: d=6cm  
(image on the matrix) 

Andromeda Galaxy: rI = 780 000 pc 

The scale of the image	



•  The most popular method of traveling 
in space is through jet engines: 

•  Another more efficient method  
         would be an ion motor: 



•  Solar sail 



Used Formulae for 
 Light Pressure	





Program Code	



SOLAR	SAIL	

Mercury Slingshot 
EARTH	

MERCURY	

					Our	goal	is	to	use	the	effect	of	
the	gravity	slingshot	and	to	
achieve	an	even	higher	ini'al	
velocity.	



Mercury Slingshot Scheme 

Deviation of the 
apparatus 

 and speed vr 

Orbit of Mercury 

Perihelion of the 
apparatus 
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Used Formulae for 
The Mercury Slingshot	

Ø ​𝑉↓𝑚𝑝 =√⁠​𝐺. ​
𝑀↓0 /​𝑎↓𝑚   .√⁠​
1+ ​𝑒↓𝑚 /1− ​
𝑒↓𝑚    

Ø 𝑎= ​​𝑎↓𝑒 + ​𝑎↓𝑚 .
(1−𝑒)/2  

Ø ​𝑣↓𝑥 =√⁠​𝐺. ​
𝑀↓0 /𝑎  .√⁠​​
𝑎↓𝑒 /​𝑎↓𝑚 .(1− ​
𝑒↓𝑚 )   

o Mass - 4300 kg 

o Surface of the sail - 3,14159 sq.km 

o Albedo of the sail - 0.92 

o Minimum distance from the Sun -  0.02207 AU 

Time to travel 
186 years 2 months 9 days  



Closer approach to the Sun 

Earth’s                                                                           
orbit 

 
ae  

spacecraft’s                         
orbit 

r 

Mercury’s                                                                           
orbit 

 

𝑟= ​​𝑅↓0 ​𝑇↓0↑2 √⁠​1−𝐴/2𝜀  /​𝑇↑2  =10410213,863 𝑘𝑚=0,0695879107 𝐴𝑈		

Magnesium sail 
Minimal distance – bellow melting point of 

Mg 
 

Magnex sail 
Minimal distance – bellow melting point of silica 

aerogel 
 

Time to travel   
95 years 8 months 29 days  

 

​𝑟↓1 = ​​𝑅↓0 ​𝑇↓0↑2 √⁠​1−𝐴/2​𝜀↓1   /​𝑇↓1↑2  =1640570,3921 
𝑘𝑚=0,0109665246 𝐴𝑈	

Time to travel   
37 years 11 months 29 days  

 



General scheme of the telescope	



Matrix	
Cover	sail	

2km	

Positions of the matrix and cover sail	

Light	from	
the	Sun	



Characteristics of the Sail	

Magnesium	core	

Aerographene	

Cross 
Section	

Front/
Back	

2km	

2km	

0,8 µ 	

Silica	aerogel	
(Silicon	dioxide)	



Characteristics of the Matrix	
CMOS	Technology	 CCD	Matrix	

Every	single	pixel	is	being	read	individually.	 Every	row	of	pixels	is	being	read	simultaneously.	



Larger but Thinner Pixels	

Probable appeal of the 
future pixels. 

The pixels of the matrix would be with similar sizes. 



Scheme of the Matrix	



Binary Star Systems 

Goals and Objects 
 



Red Dwarfs 



Exoplanet  Mapping 



Active Galaxy Nuclei 



Accretion disks  around compact objects 



Using the Sun as gravitational lens would provide amazing opportunities to 
observe extremely interesting astronomical objects and see unprecedented 
details of the majestic phenomena that happen in the far space. 
 
 
The implementation of such a project will require solving of extremely difficult 
technical problems. But we believe that with the technology advancement in 
the future, they will be overcomed. 

Conclusion 
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