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SECOND ORDER LENS EQUATION

aﬂz o, + - 1 0B
2 00,00y,

/ Lo

6,0k

‘

_( 2m,1 =722 —21 Do — [ T721 —Y2,2
Dm B ( —72,1 —72,2 12 —2,2 2’71,2 — 72,1




COMPLEX NOTATION

v = (v1,vs) > V=11 + V9

therefore,

a=a1+ia2

Y =71 + Y2

we can also define complex differential operators:

0 = 01 + 10
Ol =8, —i0y,



COMPLEX NOTATION

v = (v1,vs) > V=11 + V9

therefore,

a=a1+ia2

Y =71 + Y2

we can also define complex differential operators:

0 = 01 + 105 Spin raising operator

Of = 0, —i0, Spin lowering operator



COMPLEX NOTATION

OV = 0,V +i0, ¥ = ay + iy = «



COMPLEX NOTATION

From spin-0 scalar field to spin-1

OV =01V 410,V = a1 +ias =« vector field (deflection angle)
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COMPLEX NOTATION

From spin-0 scalar field to spin-1

oV = 81‘1’ + 262\11 = Q] T 10y = ve(;torﬁeld (deﬂection angle)

19— 82 4+ 62 —
00 =01 +0; = A From spin-1 vector field to spin-0

R . scalar field
0100 = AV = 2k
1, 1 . ‘ .
588\11 = 5805 =y The shear is a spin-2 tensor field

o L %a-la’faa\i; = 9tov =k
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COMPLEX NOTATION

1

F = §aa‘faxif=an
G = %388\1’:87

F=F +1F = (71,1 +7.2) +i(v2,1—71,2)

G = G1+iGs = (11,1 —12.2) + (12,1 +M,2)
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COMPLEX NOTATION

1

F = §aa‘faxi;=an Spin-1
G = %888\if=6'y Spin-3

F=F +1F = (71,1 +7.2) +i(v2,1—71,2)

G=G1+1iG2 = (71,1 —72,2) + (72,1 +71,2)
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GRAVITATIONAL TIME DELAY
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Remember that U(h) = D Do o2 /(I)(D,_é—f, z)dz
LS

Therefore, Lgrav = -



GRAVITATIONAL TIME DELAY

2P
In Lecture 1: n =1 — —
C
dz dz 1 2
torav = / = /(n —1)dz = —3 ddz
A = D )
Remember that _ LS
¥0) = 5 / (L0, 2)
D Ds1.
Therefore, taray = IbSLS C\IJ

Integrating along the line of sight!
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Lens equation!
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