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Structure: both use a large reflecting surface (dish or mirror) which is

parabolic, to bring the radiation to a focus. In an optical reflector a

concave primary mirror reflects light onto a secondary mirror and then

to an eyepiece or CCD. In a radio telescope there is no secondary

reflector: the detector (aerial) is placed at the focal point of the

primary dish. The radio dish can be made of wire mesh, as the mesh

spacing only has to be small compared with the long radio wavelengths,

whereas the optical mirror must be smooth to within a fraction of a

wavelength.

Positioning: both visible light and radio waves pass through the

atmosphere with little absorption, so both can be used on the Earth's
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surface. However, optical telescopes must be away from light pollution

in cities, and are placed high up on mountains in dry places to be

above clouds and atmospheric distortion (turbulence). Radio telescopes

can be at low altitude, even in cloudy places, but must be in quiet

areas away from radio interference (mobile phones, TV transmitters).

Collecting power: collecting power ∝ D2, so B collects (110 / 39.3)2 =

7.8 times as much power as A. However, radio sources tend to be very

weak compared with optical sources, so the radio telescope needs the

bigger dish.

Resolving power: minimum angular resolution θ ≈ λ / D (smaller θ

means more detail).

A: θ = 350 × 10-9 / 39.3 = 8.9 × 10-9 rad (up to 1800 × 10-9 / 39.3

= 4.6 × 10-8 rad)

B: θ = 2.5 × 10-3 / 110 = 2.3 × 10-5 rad (up to 1.0 / 110 = 9.1 × 10-3

rad)

Even though B has the larger diameter, the radio wavelengths are so

much longer that B's minimum angle is about 2600 times bigger than

A's. So A has a much higher resolving power, and A will give the more

detailed image of the object.
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Hipparcos scale: the brightest stars are magnitude 1, down to magnitude

6 for the dimmest visible to the naked eye (in good conditions).

Gamma A (4.46) and HD 66141 (4.39) are much dimmer than

Gomeisa (2.89) and Procyon (0.34), nearer to magnitude 6, so only

Gomeisa and Procyon are likely to be seen (unless conditions are good).

Gomeisa, as it is a B class star.

B class stars are hot enough (about 10 000 to 30 000 K) to have

many hydrogen atoms with electrons in the n = 2 state, which absorb

the Balmer wavelengths.
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Both stars are spectral class K, so they have the same (similar)

surface temperature.

Gamma A has the more negative absolute magnitude (−0.50 compared

with −0.13), so Gamma A is brighter than HD 66141 at the same

distance, so Gamma A has the greater power output.

Stefan's law: P = σAT4. With the same T, P ∝ A, so Gamma A has

the larger surface area and therefore Gamma A has the larger diameter.

The planet and the star both orbit their common centre of mass, so

the star moves alternately towards and away from the Earth.

This causes a periodic Doppler shift in the light received from the star:

its spectral lines are alternately red shifted and blue shifted, with the

period of the planet's orbit.
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m − M = 5 log (d / 10)

0.34 − 2.65 = 5 log (d / 10)

log (d / 10) = −2.31 / 5 = −0.462

d = 10 × 10−0.462

d = 3.45 pc

3.45 pc
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A supernova is extremely bright: its absolute magnitude is about −20,

which is beyond (off) the scale of the HR diagram. Also it is

short-lived and its brightness varies, so it cannot be assigned a fixed

position.

A black hole has an escape velocity greater than c, so no light is

emitted from it: its absolute magnitude would be too dim to fit on the

scale, and its temperature would be far too low (less than 2500 K).

So neither supernovae nor black holes can be placed on the HR

diagram.

stemup.co.uk

https://stemup.co.uk


NGC 936 (H = 69) is consistent with Hubble's law, but NGC 3379 (H

= 92) is not, so the data are not fully consistent, unless other factors

(e.g. the galaxy's own motion in its cluster) affect the velocity or

distance.

z = v / c  so  v = zc

NGC 936:  v = 4.8 × 10−3 × 3.0 × 105 = 1440 km s−1

d = 6.8 × 107 / 3.26 = 2.09 × 107 pc = 20.9 Mpc

H = v / d = 1440 / 20.9 = 69 km s−1 Mpc−1

NGC 3379:  v = 3.0 × 10−3 × 3.0 × 105 = 900 km s−1

d = 3.2 × 107 / 3.26 = 9.82 × 106 pc = 9.82 Mpc

H = v / d = 900 / 9.82 = 92 km s−1 Mpc−1

(Hubble's law v = Hd, data booklet H0 = 65 km s−1 Mpc−1)
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Distant quasars are very faint, so a standard candle (e.g. a type 1a

supernova) in the associated galaxy would be too faint to observe, and

the inverse square law cannot be used.

So Hubble's law must be used, but this is not reliable over such large

distances due to dark energy (the accelerating universe).
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