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The brightness of the image depends on the collecting power, which

is proportional to D2 (the area of the objective).

B has the larger diameter, so B (the reflector) gives the brighter

image.

primary mirror
(concave)

secondary mirror (convex)

eyepiece

Collecting power ∝ area of objective ∝ D2

B : A = 4002 : 702  so  (400 ÷ 70)2 = 32.7

B collects about 33 times as much light as A
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Two objects (point sources) can just be resolved when the centre of

the central maximum of the diffraction pattern (Airy disc) of one

image coincides with the first minimum (edge of the Airy disc) of

the diffraction pattern of the other image.

Any closer than this and the two images cannot be distinguished.

B is better, because it has a much larger objective diameter (400

mm compared with 70 mm).

The minimum angular resolution θ ≈ λ/D, so the minimum angular

separation that can be resolved depends on 1/D. For the same

wavelength B can resolve objects about 400/70 ≈ 5.7 times closer

together than A.
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One parsec is the distance at which 1 AU (the mean Earth to Sun

distance) subtends an angle of 1 arc second, i.e. 1/3600 of a

degree.

Both stars are spectral class G, so they have similar (about the

same) surface temperatures.

They have the same apparent magnitude (2.8), but Kornephoros is

much further away (43 pc compared with 11 pc), so Kornephoros

must have a greater power output (luminosity), i.e. a brighter

absolute magnitude.

By Stefan's law P = σAT4, with the same T, a greater P means

Kornephoros has a greater surface area, so Kornephoros is the larger

star.

Sun

Earth

1 AU

star1 pc

angle = 1 arc second (1/3600°)

stemup.co.uk

https://stemup.co.uk


Spectral class is related to temperature: a temperature of about 2900

K corresponds to spectral class M (red star, below about 3500 K).

Rasalgethi is the only class M star in Table 2, so it is Rasalgethi.

Wien's law:  λmaxT = 2.9 × 10-3 m K

T = 2.9 × 10-3 ÷ 1.0 × 10-6

T = 2900 K

2.9 × 103
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m − M = 5 log(d/10)   with d in parsecs

3.1 − M = 5 log(23/10) = 5 log(2.3)

3.1 − M = 1.8

M = 3.1 − 1.8 = 1.3

1.3
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An object whose absolute magnitude (luminosity) is known, so

measuring its apparent magnitude allows its distance to be calculated.
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The 1999 measurements showed that distant type 1a supernovae

were dimmer (further away) than predicted from their redshift using

Hubble's law, so the measurements did not agree with predictions.

This suggested that the expansion of the Universe is accelerating

(expanding at an increasing rate), rather than slowing down as

expected.

It is controversial because there is no known energy source for this

accelerated expansion; it is explained by an unknown dark energy.
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Detecting an Earth-like planet is difficult because it is small, has a

small mass compared with a Sun-like star, is very close to its star

and is very faint and cool compared with it.

Transit method: when the planet passes in front of the star (from

our point of view) the star's brightness dips periodically. The orbit

must be aligned with our line of sight to eclipse the star, so many

planets are never seen. An Earth-like planet is small, so the dip is

tiny (about 0.01%), and with a one-year orbit there is only one

transit per year, but it can be detected with sensitive space

telescopes (e.g. Kepler) provided it is not too far away.

Radial velocity (Doppler) method: the star and planet orbit their

common centre of mass, so the star's spectral lines show a periodic

Doppler shift (red then blue). An Earth-like planet has a mass much

less than a Sun-like star, so the star's wobble is very small (about

0.1 m s-1) and the shift is slight. It could be detected only with

very highly sensitive spectrometers.

Direct observation (imaging): this is very unlikely to succeed, because

an Earth-like planet is too small, too close to the star (tiny angular

separation) and too cool and dim to be seen against the glare of the

much brighter Sun-like star.

Judgement: the transit method is likely to be the most successful,

since space telescopes can measure very small dips in brightness and
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most exoplanets have been found this way; radial velocity is useful to

confirm the planet and find its mass.
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