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In this lecture | attempt to explain the fundamentals of radio interferometry and the use of inter-
ferometer data for imaging radio sources. The text follows closely the presentation, even to the
point of including the original viewgraphs, which are augmented by text in a one page per step
format. The topics covered in the various steps are:

1-7: areview of the nature of radio astronomy signals

8-18: what aradio interferometer measures

19-23: imaging and the CLEAN algorithm

24-28: calibration and phase self-calibration

29-32: dealing with imperfect path compensation fringe- tting
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Interferometry Fundamentals
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1. Review of radio-astronomical quantities

Thisisareminder of the concepts used in measuring the noise power of radio sources; ux-
density, S, surface brightness, b, and brightness temperature, Tp. Noise isjust aradio engineer's
term for what radio astronomers might normally call the signal !
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2. Review of radio waves and noise power

To understand radio interferometry we need to consider the wave (amplitude and phase) as-
pects of radiation in addition to the power. A radio telescope focuses radiation and converts the
wave amplitude to a voltage, whose (time-averaged) square represents the power received. Noise
power recognises the fact that in general this is indisting uishable from the Johnson noise from
a resistor, which is proportional to temperature, T. Thus it is customary to measure noise power
in K. If we use a single radio telescope to measure radio emission we need to note that the total
noise power output from the radio detector ( system temperature, T g) is the sum of a number
of contributions, in particular Ta from the telescope ( antenna) aperture and T (¢ from the radio
receiver electronics.
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3. Noise power received by a singleradio telescope

The ux density, S, of asourceisrelatedto T 4 by atelescope gain factor, g measured in K/Jy.
It can be obtained from the difference between an on-source and off-source Tss measurement.
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4. Radio telescope noise power described with signal voltages

The oscillating electric €ld vector, E, of the wave is converted to a voltage, Vr of the same
frequency, fr (RF = radio frequency) and ampli ed. For most radio freque ncies, heterodyne
receivers are used. These mix the RF signal with a pure, locally-generated, single frequency (f)
tone (the LO =local oscillator) producing asignal at alow er frequency, f; (IF = intermediate
frequency) which is easier to analyse. Of course, we in fact observe a band, b, of frequencies
covering a range fr  b/2, which converts down to f; b/2. These wideband signals act like a
single frequency for asignal train shorter than atime /b but acquire a random phase for times
longer than 1/b.
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5. A few further pointsto noteregarding the signal

(1) Asthe voltages Vg and V, are scalars, they represent only a single component of the (2-D)
electric eld vector Eg, i.e. asingle polarization component. Dual-channel receivers are necessary
to detect both polarization components.

(2) The average product of the voltages V 4 and Vg a 2 points of the wave-train separated by atime
greater than L/b is zero.

(3) The coherence characteristics of the IF signal preserve those of the RF signal.
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6. Addition of independent sources of noise

We consider the IF voltage,;Vas having contributions from two components. Whereas “in-
stantaneous” voltages add, the long-tern» (L/b) time-averaged square of the sum of voltages
from independent sources (here the receiver noigeand the source noisedyis simply the sum
of the individual squared voltages sinceVaVs> = 0.

Thus<V,2> is proportional to Tys= Trec + Tant.



