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WHAT IS A TELESCOPE?
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High Frequency Radio: A=1-21 cm
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High Frequency Radio: A=1-21 cm
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High Frequency Radio: A=1-21 cm



Lower Radio Frequency...
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Low Radio Frequency!

A =1-30m
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Low Radio Frequency!

A =1-30m



RESOLUTION.

 SIZE



Green Bank Telescope, West Very Large Array (VLA),
Virgina, USA New Mexico, USA

Single Dish Array
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FILLED APERTURES
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ADDING INTERFEROMETER

<[Va+ VE]?>
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ADDING INTERFEROMETER

R o< ([Vacosw(t —7,) + Ve cos(wt) + Vieea + VreC,B]Q)

1
R oc 5 Vi + Vi |+ [Vieea + Viee ) +H[VaVi cos(wry)])

! 1 !

1 2 =
Antenna nolse RECELVEr NOLSE Interference fringes
POWErS POWErS - vary with T,

- usually small usually dominate
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ADDING INTERFEROMETER
1
Roc (Vi + Vi) +[Vieea + Vieen] +VaVi cos(wry)))

1 2 =

Offset due to
' constant terms
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ADDING INTERFEROMETER

Individual elemem
pattern
(a)
Envelope due to primary beam

A
D
Array patiern A
b

(b) Fringes due to interference pattern

\/\/\A' s Combination
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MULTIPLYING
INTERFEROMETER
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MULTIPYING INTERFEROMETER

. ?WWW" R

Time (nsec)

i N VL

OUT OF PHASE




ERIS 2017

MULTIPLYING INTERFEROMETER

R o< (Vi cosw(t—Ty)- Vi coswt) = %VAVB COS Ty

primary beam envelope: e fringe spacing:



THE EFFECT OF
BASELINE LENGTH
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BASELINE LENGTH

WITH SHORT BASELINES NO SHORT BASELINES

S0 100 150 200 250 300 350 400 450 500 550 g S0 100 150 200 250 300 350 400 450 S00 550

Missing short baselines results in poor sensitivity to low brightness
extended structure. Notice the negative “holes” (darker blue)
underlying the bright structure.
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+ position of source

TR(0) :_

sky brightness distribution (1D cut)
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COMPLEX VISIBILITIES

In reality the response will be 2D, but in 1D for simplicity:

) cos(2mu 6)do

function of
baseline

) sin(2m w 6)do

Slll

power out as a COb /

The sky brightness distribution is not an even function. If we want to reconstruct it
from its Fourier components then we need both the cos and sin terms.
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VAN CITTERT ZERNIKE FUNCTION

The (2-D) lateral coherence function of the radiation field in space is the Fourier Transform of the
(2-D) brightness (or intensity) distribution of the source.

(V(z1,t)V (9, t / / (0, e 7“9“@(19(1(;5

Y — ($1 — 5132) Y — (2/1 — 92)

A A

The Visibility Function is therefore another name for the spatial correlation function.
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VISIBILITY

From these components we define the complex fringe visibility for a particular baseline:

}4 ez\Iﬁ\P .

U = tan !

amplituole _ 05 _
D2 9 711/2
A T [Rcos + Rsin]

\Ij is the shift (in radians) of the Fourier
component with respect to the reference
position.

33
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VISIBILITIES & IMAGES
RN 2 i (ul+vm
Imeas(l9m) = M;V(ui,vi)e ( )

_ % 3V (w,.v)[cos 2wl +v,m)] + isin[ 27wl +v,m)]]

This is a complex quantity, but the sky intensity is real.

V(-u,-v)=V"(u,v)

If we change our notation slightly, so that V'=A4¢e?, we can write:

medas

[ (I,m)= %;A(ui,vi)cos[Zn(uil +v.m)+¢,]
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FOURIER COMPONENTS

Writing the equation in this way allows us to visualise how our image is composed.

medas

1 M
[ (I,m)=—» A(u,,v,)cos[2x(ul+v.m)+ ¢,
(1,m) M}j (u;,v,)cos[271( )+ ]
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» The key to interferometry is the geometric delay;

» A 2-element adding interferometer is a direct
analogue of Young's slits;

» The sky is not symmetric - we need both cosine &
sine waves to make a picture of it;
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