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t’BACKGROUND INFO -

- General Relativity: mass warps space-time .
" Think of space-time as a 2D blanket

. When an object is. placed on it, the blanket stretches out
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A massive object
* curves space .

Deflection
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1 Gravitational Lensing Formula Special Case

The deflection is defined by @ where M(€) is the mass within the distance of closest approach, &

. 4GM(9) 1

a =
2 £

4GMg 1
feMs

For the sun, a = 7= = 1.74 arcseconds

*#¥1 arcsecond = 1/3600 degress

(&

DEa(0)

a(f) =

0s

8(8) = 0 — a(6)

Dy, 4GM
D,<D, 20

If we set 5(0) = 0 such that the source is just behind the lense, then we get,

B(6) =6 —

4GM Dy,
0=0g= 5
c DosDol
D;; = distance from plane i to plane j
1= lens
o=observber
s= source

assuming that D;s = D,;

AGM
b=be=\ap,

I will write a function that can give us the angle for the various parameters
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. EVANT EQUATION

As mass increases, the angle of deflection increasés
Larger distance creates a.smaller angle
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1e-9 Einstein Radius as a function of Lens Mass

INITIAL PLOT OF
ANGLE VS. MASS

Einstein Angle in Radians?
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Light Lensed by Star
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# Eistein Angle Function theta E
constant = 4 * con.G / con.c**2

o

IS

Mass = input('Mass in Solar Masses = ') * u.solMass
D_ol = input('D_ol in parsec = ') * u.parsec

w

Einstein Angle 6¢ (arcsec)

def theta_e(Mass, D_ol):

-

E = np.sqgrt(constant * Mass / D_ol) * u.rad 1o 21 2 23

20
log(Distance from Object to Source (pc))

Light Lensed by Galaxy Cluster
return E.to(u.arcsec)
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#E is in radians and 1 rad is 206265 arcseconds — 1x10¥ Mo
print('\nthe Einstein Angle of Sagittarious A* (black hole at the center of the milky way galaxy)')
print('\ntheta_e =',theta_e(Mass, D_ol))
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Mass in Solar Masses = 4.154e6
D_ol in parsec = 26673
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the Einstein Angle of Sagittarious A* (black hole at the center of the milky way galaxy)

Einstein Angle ¢ (arcsec)
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theta_e = 1.1261916005486818 arcsec

21 22 23 24 25
log(Distance from Object to Source (pc))
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Ilght enough but bIaCkhOIES 1000000000000.0
galaxies, galaxy clusters do! |
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Magnification of Lens Based on Mass

—— 4 Solar Masses
2 Solar Masses
-1 Solar Mass

If the black hole/star is _ B e
more massive, the
magnification increases!
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Astro 7B Lecture 25 (Spring 2020)
taught by Professor Mariska Kriek

Academic Papers

Abdo, A. "Department of Physics and
Astronomy Michigan State
University East Lansing, Michigan
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