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D = 305 mm = 0.305 m

θ = λ / D   so   λ = θD

λ = 1.8 × 10-6 × 0.305 = 5.49 × 10-7 m

5.5 × 10-7

Angular magnification M = angle at eye / angle at telescope

M = 3.2 × 10-4 / 1.8 × 10-6 = 178

M = fo / fe   so   fe = fo / M

fe = 5.03 / 178 = 0.0283 m

0.028
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The telescope can resolve objects down to an angle of 1.8 × 10-6 rad.

At 3.0 × 104 km = 3.0 × 107 m, this angle is subtended by an object

of size 3.0 × 107 × 1.8 × 10-6 = 54 m.

This is only 54/325 ≈ 1/6 of the diameter of Apophis (equivalently,

angular size of Apophis = 325 / 3.0 × 107 = 1.1 × 10-5 rad, only about 6

times the minimum angular resolution).

So Apophis would only be about 6 resolved points across: it can be seen,

but it is too small for detail to be seen. The telescope is not suitable

for a detailed view.

stemup.co.uk

https://stemup.co.uk


stemup.co.uk

https://stemup.co.uk


Read off the peak wavelength λmax (the wavelength at which the

intensity is a maximum) from the curve, as marked on the wavelength

axis.

Use Wien's displacement law: λmaxT = 2.9 × 10-3 m K (0.0029 metre

kelvin).

λmax must be in metres (the SI unit of length), so T = 2.9 × 10-3 /

λmax gives the black-body temperature of the star in kelvin (K, the SI

unit of temperature).

λmax
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Colour: both stars have surface temperatures of about 4000 to 4500 K,

so both appear orange. 61 Cygnus B is cooler (4100 K), so it appears

slightly redder than 61 Cygnus A.

Brightness: A has the smaller apparent magnitude, so A appears

brighter. Difference in apparent magnitude = 6.1 − 5.2 = 0.9, so

brightness ratio = 2.510.9 ≈ 2.3, i.e. A appears about 2.3 times (about

twice) as bright as B.

Power output: using Stefan's law P = σAT4 = σ × 4πr2 × T4, with r in

metres:

PA = 5.67 × 10-8 × 4π × (4.7 × 108)2 × 45004 = 6.45 × 1025 W

PB = 5.67 × 10-8 × 4π × (4.1 × 108)2 × 41004 = 3.38 × 1025 W

So PA / PB = 6.45 / 3.38 ≈ 1.9, i.e. A has about twice the power

output of B.

Distance: the intensity received at Earth is I = P / 4πd2. If both stars

were at the same distance, the brightness ratio would equal the power
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ratio, about 1.9. The observed ratio is about 2.3, which is very similar

(it gives dB/dA = √(2.3/1.9) ≈ 1.1).

Evaluation: as A has about twice the power output of B and A appears

about twice as bright, the two stars must be at about the same

distance from Earth. This is consistent with (supports) the idea that

they form a binary system rather than simply lying in the same line of

sight.

However, being the same distance away does not prove they are a

binary; this could be confirmed by observing their orbital motion (e.g.

periodic Doppler shifts or changing positions).
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Quasars are produced by (powered by) supermassive black holes.

These supermassive black holes are at the centres of (active) galaxies: a

quasar is an active galactic nucleus, where matter falling towards the

black hole emits huge amounts of radiation.

v = cz = 3.0 × 108 × 0.0415 = 1.25 × 107 m s-1 (= 1.25 × 104 km s-1)

d = 5.81 × 108 ly = 5.81 × 108 / 3.26 = 1.78 × 108 pc = 178 Mpc

   (d = 5.81 × 108 × 9.46 × 1015 = 5.50 × 1024 m)

v = Hd   so   H = v/d = 1.25 × 104 / 178 = 70 km s-1 Mpc-1

Age of Universe ≈ 1/H = d/v

= 5.50 × 1024 / 1.25 × 107 = 4.4 × 1017 s

4.4 × 1017
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The most distant visible quasar and the most distant visible galaxy

must have the same (minimum detectable) brightness, i.e. the same

received intensity at Earth.

Inverse-square law: I = P / 4πd2, so Pquasar / dquasar
2 = Pgalaxy / dgalaxy

2

With Pquasar = 1000 Pgalaxy: 1000 / d2 = 1/1, so (dquasar / dgalaxy)2 = 1000,

giving dquasar / dgalaxy = (1000)1/2 ≈ 32.

So the most distant visible quasar is about 30 times further away than

the most distant visible galaxy.
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CMBR is electromagnetic radiation coming from all parts of the Universe

(from all directions), with almost the same intensity in every direction

(isotropic).

Its spectrum is a black-body curve with a peak in the microwave region,

corresponding to a temperature of about 2.7 K.

It was emitted when the Universe had cooled sufficiently for matter and

radiation to decouple: protons and electrons combined to form neutral

atoms, so the photons could then travel freely.

As the Universe has expanded, this radiation has been red-shifted

(stretched to longer wavelengths and lower energies) into the microwave

region.

It is interpreted as the radiation left over from the hot, dense early

Universe, as predicted by the Big Bang theory, so its existence supports

the theory.
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The Big Bang theory suggests that, when the Universe was very young,

it was hot and dense enough for a very brief period of nuclear fusion,

producing helium from fusing hydrogen (protons and neutrons).

Protons and neutrons were created in a ratio of about 7:1. Fusion

stopped as the Universe then expanded and cooled, too rapidly for larger

nuclei to be created.

This results in a relative abundance of hydrogen to helium (by mass) of

about 3:1, which matches what is observed in the Universe, supporting

the Big Bang theory.
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