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The telescope can resolve detail about 27 m across on Pluto, which is

much smaller than the 1 km crater (the crater is about 40 times

bigger, it subtends about 8.0 × 10-5 rad, much more than 2.1 × 10-6

rad).

So the telescope is suitable for studying the crater.

primary (concave)
secondary (convex)

eyepiece

θ ≈ λ/D = 450 × 10-9 / 0.21 = 2.14 × 10-6 rad

smallest detail = θ × distance = 2.14 × 10-6 × 12.5 × 106 m

smallest detail resolved ≈ 27 m
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Collecting power is proportional to the area of the aperture (objective),

so to diameter squared.

Hubble's collecting power is about 130 times greater than that of the

spacecraft telescope, so it collects much more light and can see much

fainter objects.

Lenses in refractors suffer from chromatic aberration (and spherical

aberration), but mirrors do not suffer chromatic aberration.

Reflectors are lighter and shorter than refractors of the same aperture,

which matters on a spacecraft.

But in a reflector the secondary mirror and its support block some light,

reducing image brightness and causing diffraction effects.

I would use a reflecting telescope: with no chromatic aberration the

image of the crater is sharper with no coloured fringes.

collecting power ∝ area ∝ D2

ratio = 2.42 / 0.212 = 5.76 / 0.0441 = 130
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The colour depends on the wavelengths produced (emitted) across the

visible spectrum.

Schedar's peak is at a longer wavelength and it emits relatively more

long wavelength (red) light, so it is redder (orange) than Caph. Caph

peaks near the blue end but emits across all the visible spectrum, so it

looks white.

This agrees with spectral class: 7250 K is class F (white) and 4400 K

is class K (orange).

Wien's law: λmaxT = 2.9 × 10-3 m K

Caph: λmax ≈ 400 nm, T = 2.9 × 10-3 / 400 × 10-9 = 7250 K

Schedar: λmax ≈ 660 nm, T = 2.9 × 10-3 / 660 × 10-9 = 4400 K

so Caph is much hotter than Schedar
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Caph

d = 228 ly ÷ 3.26 = 70 pc

m − M = 5 log(d/10)

M = m − 5 log(d/10)

M = 2.2 − 5 log(70/10) = 2.2 − 4.2

M = −2.0

−2.0

Rs = 2GM / c2

M = 15 × 1.99 × 1030 = 2.99 × 1031 kg

Rs = 2 × 6.67 × 10-11 × 15 × 1.99 × 1030 / (3.00 × 108)2

Rs = 4.4 × 104 m

4.4 × 104
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An object (e.g. a type 1a supernova) of known absolute magnitude, so

its luminosity (intrinsic power output) is known.
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Data needed: the distance d of each supernova is found from its known

absolute magnitude M and its measured apparent magnitude m, using

m − M = 5 log(d/10).

We also need the red shift z of the galaxy containing each supernova.

The spectrum of the light is recorded and the wavelength of known

spectral (absorption) lines, e.g. hydrogen lines, is measured and compared

with the wavelength of the same line from a source at rest in the

laboratory: z = Δλ/λ.

The recessional velocity of each galaxy is then found from v = zc (valid

as z is much less than 1).

Graph: plot recessional velocity v (in km s-1) on the y-axis against

distance d (in Mpc) on the x-axis. The points lie close to a straight line

through the origin, showing v = H0d.

The Hubble constant H0 is the gradient of the line of best fit, in

km s-1 Mpc-1 (it can be converted to s-1 by changing Mpc to km).

Limitations: there is a lot of scatter in the data, because galaxies have

their own (peculiar) motions as well as the expansion, and because of

random errors in measuring m and λ, so data from lots of supernovae

are needed.
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The apparent magnitude may be affected by dust and gas that the light

passes through (absorption), which makes the distance too large.

At large distances the accelerating expansion of the universe affects the

graph, so it is no longer a straight line and the value of H0 depends on

which data are used.
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A supergiant will undergo a supernova, collapsing to form a neutron star

or black hole.

This can produce a gamma ray burst: a highly collimated, very intense

beam of gamma rays. If it is directed at Earth it could damage DNA

and kill cells (and destroy the ozone layer), so it could wipe out life.

P = σAT4 = σ4πr2T4

ratio = σ4πrM2TM
4 / σ4πrS2TS

4 = (rM/rS)2 × (TM/TS)4

= (1.4 × 1010)2 × 530004 / ((7.0 × 108)2 × 57004)

= 400 × 7.47 × 103 = 3.0 × 106

3.0 × 106
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