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Instruments Optical and Radio I (radio telescopes)

Sky brightness 𝐵(𝜃, 𝜙) = d𝑆(𝜃, 𝜙)
d𝛺

𝜃,𝜙 spherical polar coordinates
𝛺 solid angle
𝑆 flux density

Planck radiation law 𝐵(𝜈) = 2ℎ𝜈3
𝑐2

1
exp[ℎ𝜈/(𝑘B𝑇)] − 1

𝐵 sky (surface) brightness
𝜈 frequency
𝑐 speed of light

Rayleigh-Jeans law 𝐵(𝜈) ≃ 2𝑘B𝑇𝜈2
𝑐2 (ℎ𝜈 ≪ 𝑘B𝑇) 𝑘B Boltzmann constant

𝑇 temperature

Power received from an
extended source

𝑤
𝛥𝜈 =

1
2𝐴e∫𝐵(𝜃, 𝜙)𝑃(𝜃, 𝜙) d𝛺 𝐴e effective area

𝑃 antenna power pattern

Nyquist noise theorem 𝑤 = 𝑘B𝑇 𝛥𝜈 𝑤 power
𝛥𝜈 bandwidth

Antenna temperature 𝑇A =
𝐴e
𝜆2 ∫Tb(𝜃, 𝜙)𝑃(𝜃, 𝜙) d𝛺

𝑇A antenna temperature
𝐴e effective area
𝑇b sky brightness temperature

Beam solid angle 𝛺A = ∫𝑃(𝜃, 𝜙) d𝛺 = 𝜆2
𝐴e

𝜆 wavelength
𝛺A beam solid angle
SNR signal-to-noise ratio

Radiometer equation SNR = 𝑆𝐴e
2𝑘B𝑇sys

(𝛥𝜈𝜏)1/2 𝑇sys system temperature
𝜏 integration time

van Cittert-Zernike
theorem 𝛤(𝑦) = ∫𝐵n(𝛼) exp(−𝑖𝑘𝑦𝛼) d𝛼

𝛤 complex fringe visibility
𝐵n normalised sky brightness
𝑦 spacial distance
𝛼 angular coordinate
𝑘 wavenumber

Cross correlation
relation 𝛤(𝑦) = 2⟨𝜓1𝜓∗2⟩

⟨|𝜓1|2⟩ + ⟨|𝜓2|2⟩
⟨…⟩ time average
𝜓𝑖 waveform at location 𝑖

Fringe rate
(EW baseline)

d𝛷
d𝑡 = 2𝜋

𝜆 𝐷 cos 𝛿 cos𝐻 d𝐻
d𝑡

𝛷 fringe phase
𝑡 time
𝐷 baseline length
𝛿 declination
𝐻 hour angle

Fourier transform pairs

𝑓(𝑥) ⇌ 𝐹(𝑠) = ∫
∞

−∞
𝑓(𝑥) exp(−2𝜋𝑖𝑠𝑥) d𝑥

𝛿(𝑥 − 𝑎) ⇌ exp(−2𝜋𝑖𝑎𝑠)
exp(−𝑥2/𝑎2) ⇌ 𝑎𝜋1/2 exp(−𝜋2𝑎2𝑠2)

sin 𝑎𝑥 ⇌ 1
2𝑖 [𝛿 (𝑠 −

𝑎
2𝜋) − 𝛿 (𝑠 + 𝑎

2𝜋)]

cos 𝑎𝑥 ⇌ 1
2 [𝛿 (𝑠 −

𝑎
2𝜋) + 𝛿 (𝑠 + 𝑎

2𝜋)]
∞
∑

𝑚=−∞
𝛿(𝑥 − 𝑚𝑎) ⇌ 1

𝑎
∞
∑

𝑛=−∞
𝛿 (𝑠 − 𝑛

𝑎)

𝑓(𝑥) = {1 |𝑥| ≤ 𝑎
0 |𝑥| > 𝑎 (“top hat”) ⇌ sin 2𝜋𝑎𝑠

𝜋𝑠


