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Response of an interferometer

Geometric delay - τg =
~b.~s

c

Correlator output - r(τg ) =< V1(t) V2(t) >

V1 = v1 cos 2πν(t − τg ); V2 = v2 cos 2πνt;

r(τg ) = v1v2 cos 2πντg
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Response to a Brightness distribution

dr = A(~s) B(~s) ∆ν ∆Ω cos 2πντg

r(τg ) =

∫

Ω
A(~s) B(~s) ∆ν cos 2πντg dΩ

r(τg ) = ∆ν

∫

Ω
A(~s) B(~s) cos

2πν~b·~s
c

dΩ
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Phase Tracking Center

~s = ~s0 + ~σ
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Visibility

V = |V | e iφV =

∫

Ω
AN(~σ) B(~σ) e−2πi ν ~b.~σ/c dΩ

AN(~σ) = A(~σ)/A0

...

r = A0 ∆ν |V | cos (2πν
~b.~s0
c

− φV )
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Van Cittert-Zernike Theorem

Relates FT of Mutal Coherence Function to the Brightness
distribution of a distant source.
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Effect of bandwidth

dr = A0 |V | cos(2πντg − φV ) dν

r = A0 |V |

∫

ν0+∆ν/2

ν0−∆ν/2
cos(2πντg − φV ) dν

r = A0 |V | sin π∆ντg

π∆ντg

cos(2πν0τg − φV )
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Misc.

Delay tracking - automated compensation for τg

Frequency Conversion (mixing) - bringing the signal to an
easier to handle (lower) frequency

Complex Correlator
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Geometric Relationship
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Geometric Relationship

~Dλ · ~s0 = w

~Dλ ·~s = (ul + vm + wn); n =
√

1 − l2 − m2

dΩ = dl dm√
1−l2−m2

~s = ~s0 + ~σ
=⇒ ~Dλ · ~σ = ~Dλ ·~s − ~Dλ · ~s0
~Dλ ·~s = ul + vm + w(

√
1 − l2 − m2)

V(u, v , w) =
∫

∞

−∞

∫

∞

−∞
AN(l , m) B(l , m) e−i2π[ul+vm+w(

√
1−l2−m2−1)] dl dm√

1−l2−m2

Thompson, Moran, Swenson - Chap. 3
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Small FoV approximation

w(
√

1 − l2 − m2 − 1) ∼ −1
2(l2 + m2)w << ul + vm

V(u, v , w) ∼ V(u, v , 0) =
∫

∞

−∞

∫

∞

−∞
AN(l , m) B(l , m) e−i2π[ul+vm] dl dm√

1−l2−m2
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Impact of the w term

Phase error - ∆φ = π w (l2 + m2)

1

θHPBW

∼ bmax

λ
∼ wmax ; θHPBW - Synthesised Beam

∆φmax ∼ π

(

θF

2

)2 1

θHPBW

; θF - size of the Map
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Earth Rotation Synthesis Geometry
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Coordinate Frame

14 / 31



15 / 31



Antenna Spacing Coordinates and u, v, w
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Misc. comments

Fringe Frequency

Locus of a u,v track

An East-West baseline

Source at δ0 = 0◦

Source at δ0 = 90◦
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Design of Arrays

Redundancy

Sampling in the u-v plane

Weighting
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MWA Prototype: array configuration
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MWA Prototype: instantaneous uv coverage
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MWA Prototype: Rotation+Frequency synthesis
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MWA Prototype: Centaurus A

Ben McKinley and Frank Briggs et al. (2013)
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ASKAP array configuration
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MWA uvcoverage
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LOFAR
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LOFAR
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LOFAR
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GMRT
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Wesrterbork
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Wesrterbork
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