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The transit method detects the planet by measuring the drop in light

(intensity) from the star when the planet passes in front of it and

blocks some of the light.

An Earth-sized planet is very small compared with Theta Carinae (radius

5 times the Sun's), so it blocks only a tiny fraction of the light and

the dip in intensity is too small to detect.

P = σAT4 = σ × 4πR2T4, with R = 5 × 6.96 × 108 = 3.48 × 109 m

P = 5.67 × 10-8 × 4π × (3.48 × 109)2 × 31 0004

P = 7.97 × 1030 W

Intensity received I = P / 4πd2 (inverse square law), and the planet

receives the same intensity as the Earth does from the Sun:

PT / 4πdT
2 = PSun / 4πdE

2

ratio of powers = 7.97 × 1030 / 3.8 × 1026 = 2.10 × 104

dT = dE × √(2.10 × 104) = 145 × dE

dT = 145 × 1.50 × 1011 m (Earth to Sun distance)

dT = 2.2 × 1013 m

2.2 × 1013
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At its peak the supernova would have an apparent magnitude of about

5.1.

The naked-eye limit is an apparent magnitude of about 6, and 5.1 is a

smaller magnitude, so the supernova is brighter than this limit.

So yes, it could (just) be seen with the naked eye.

Peak absolute magnitude of a type 1a supernova M = −19.3

d = 7.7 × 105 pc

m − M = 5 log(d/10)

m = 5 log(7.7 × 105 / 10) + M = 5 log(7.7 × 104) − 19.3

m = 24.4 − 19.3

m = 5.1
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The overall shape is a black-body curve: the star emits a continuous

spectrum of thermal radiation from its surface (photosphere), and the

intensity rises to a peak and then falls off at longer wavelengths.

The peak wavelength depends on the surface temperature by Wien's law,

λmaxT = 2.9 × 10-3 m K. The peak is at about 320 nm, so T = 2.9 ×

10-3 / 320 × 10-9 ≈ 9000 K.

The dips are absorption lines. As the continuous radiation passes through

the cooler gases in the outer layers (atmosphere) of the star, photons

of particular wavelengths are absorbed, exciting electrons in the atoms

to higher energy levels.

The excited atoms then de-excite and re-emit these photons in random

directions, so much less of that wavelength travels towards the Earth,

leaving dark lines (dips) at those wavelengths.

The dips are at about 410, 434, 486 and 656 nm, which are the

hydrogen Balmer lines. These are produced when hydrogen atoms with

electrons already in the n = 2 state absorb photons and are excited to

higher levels.

For many hydrogen atoms to be in the n = 2 state the temperature

must be about 10 000 K. Strong Balmer absorption lines are seen in

class A stars but not in class K stars, which are too cool (about 4000

K).

A temperature of about 9000 K also fits class A (7500 to 10 000 K).

So the star is Miaplacidus, the class A star.
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A quasar is powered by a supermassive black hole at the centre of the

galaxy, with matter heating up as it falls into the black hole (accretion

disc).

The black hole has used up the matter around it, so no more matter is

falling into it (it is no longer feeding), so radiation is no longer

emitted.

z = v / c

v = zc = 0.0516 × 3.00 × 108

v = 1.55 × 107 m s-1 = 1.55 × 104 km s-1

v = Hd, with H = 65 km s-1 Mpc-1

d = v / H = 1.55 × 104 / 65

d = 238 Mpc

238 Mpc
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The Rayleigh criterion gives the minimum angle subtended at the

telescope between two objects for their images to be (just) resolved, θ

≈ λ/D.

At this minimum angle, the central maximum of the diffraction pattern

of light from one object coincides with the first minimum of the

diffraction pattern of the second object.

Wavelengths of 90 nm to 120 nm are ultraviolet, shorter than visible

light.

UV radiation is absorbed by the atmosphere (by the ozone layer), so it

would not reach a telescope on the ground; the telescope must be in

space.

Advantage: the minimum angular resolution θ ≈ λ/D is smaller for a

shorter wavelength. UV wavelengths are about 4 to 7 times shorter than

visible light (400 to 700 nm), so with the same aperture D there is

less diffraction and the UV telescope has better resolving power: it can

resolve objects that are closer together (more detail).
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Arecibo collects about 16 times more power, so its images of faint

objects are brighter (it can detect fainter objects), and in theory its

smaller minimum angle gives more detail.

However, Arecibo's dish is spherical, so it suffers from spherical

aberration: waves hitting different parts of the dish are not brought to

the same focus, so its image is blurred and less detailed.

Lovell's parabolic dish has no spherical aberration, so Lovell may give

better detail even though its image is fainter.

Collecting power ∝ D2:  3052 / 762 = 16

so Arecibo collects about 16 times more power (brighter image).

Resolution θ ≈ λ/D:

Arecibo: θ = 0.21 / 305 = 6.9 × 10-4 rad

Lovell: θ = 0.21 / 76 = 2.8 × 10-3 rad
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