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What is a gravitational lens”?

gAY, ‘ \/

|
al \
) ,“

|

j
)

,




The Discovery of the Phenomenon

Albert Einstein
(1879 - 1955)

Henry Johann Georg von
Cavendish Soldner

(1731-1801) (1776- 1833)




THE OBSERVATION OF THE
SOLAR ECLIPSE 29.05.1919 GRAVITATIONAL LENS EFFECT




= Bending of the light




= | ine of focuses




Parameters and capabilities of the gravity telescope

oFirst Focus - 784 AU




cheme or a gravitational

Using the formula we can determine the diameter of the
planet's image obtained with the solar gravitational lens.



The scale of the image

Earth like exoplanet: d=6cm
(image on the matrix)
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~ Andromeda Galaxy: r' = 780 000 pc
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The most popular method of traveling * Another more efficient method
in space is through jet engines: would be an ion motor:
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Used Formulae for
Light Pressure
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85! Solar Sail Calculator

Mass of the Star Mo
Star Radius RO Calculate BEGEERINE n years, E months, days.

Star Temperature & T

Mass of the ship
km/s

Teminal Velocity

Surface of the Sail
Albedo of the Sail

Initial distance

Destination AU
Initial Velocity km/s
Time Interval sec

Load Travel
the Sun Defaults

Defaults Time Interval

Load Spacecraft Set the Default x‘




<)

Fde Edt  View Project Buwid Debug Teamn
o - - Debug
Formlcs # X Form.cs [Dessgn)

8] LightSaits

® - . System;

suopday aneg

R TLATY

'Yy

S om The
'Y [

LightSails

Forml()

1 System.Windows.Forms;

Tools  Test
Any CPU

Q:

InitializeComponent();

button2 Click(

sunRadius

sunMass

sunfTemperature -
textBox10. Text
textBox17.Text

textBox9.Text

1;
1;

Program Code

Analyre Window Help

b Start -

sender,

5498.85;

surMass . ToString();

sunRadius.ToString();

‘ -

»

sunTemperature.ToString();

button3_Click(

mass «

surface

3.5
3.14159;

sender,

P u &

@eogop Caetnamoe Konomaes ~

v  Solution Bxplorer

R o-50CF

+

3] Solution ‘LightSads (1 project)
4 [ LightSais
4 S Properties
< Assemblyinfo.cs
P [N Resowrces.resx
> {3 Settings.settings
b »® References
y\, —'.pp(orhq
4 [3) Formlcs
b ) Formi.Designer.cs
) Forml.resx
b = Program.cs

Team Explorer Propertres

X

K

4 Addto Source Control «

19:46

L COoBe g N

g8




Mercury Slingshot

B & SOLARSAILL
EARTH

MERCURY

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



Mercury Slingshot Scheme

Deviation of the

Earﬂ_‘ = apparatus
ag orbit and speed v,
Y, v
Amp : S Orbit of Mercu
N
Perif

pacecraft’s
orb




Used Formulae for
The Mercury Slingshot

oMass - 4300 kg

oSurface of the sail - 3,14159 sq.km

oAlbedo of the sail -0.92

oMinimum distance from the Sun - 0.02207 AU

Time to travel
186 years 2 months 9 days




Closer approach to the Sun

Magnesium sail
Minimal distance — bellow melting point of

Earth’s r=RI0 TU012 Vi—A/2c /TM9=10410213,863 47=0,0695

orbit
e Mercury’s

\Orbit Time to travel
) 95 years 8 months 29 days

pacecraft]s _
orbit Magnex sail

Minimal distance — bellow melting point of silica

P =RI0 74072 Vi—d /2. PCTPAS —1640570,3921
fem=0,0109665246 AU

Time to travel
37 years 11 months 29 days



General scheme of the telescope




Positions of the matrix and cover sall

Cover sail
Matrix

1,686.10°% km

2,0

<

<

<

Light from
the Sun




Characteristics of the Sall

CROSS
SECTION

Silica aerogel €«——
(Silicon dioxide)

2km

FRONT/
BACK

Magnesium core €

Aerographene

2km



Characteristics of the Matrix

CMQS Technology CCD Matrix

L.

Every row of pixels is

Every single pixel is being reag_individually.



Larger but Thinner Pixels

The pixels of the matrix would be with similar sizes.

Probable appeal of the
future pixels.




Scheme of the Matrix

=P Big pixels made via
CMOS technology

/1 7
CCD

| submatrices for
observation of

further objects

Lightweight

Big pixels in a row
for scanning
pictures of the sky



Goals and Objects

BINARY STAR SYSTEMS




RED DWARFS




EXOPLANET MAPPING




ACTIVE GALAXY NUCLE]I




ACCRETION DISKS AROUND COMPACT OBJECTS




Conclusion

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.
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