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Location: the GTC is on the Earth's surface, so light must travel

through some of the atmosphere to reach it. The atmosphere absorbs
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some of the light, reducing the amount arriving, and turbulence makes

the image blur, which affects resolution. Being 2300 m above sea level

reduces this, as there is less atmosphere above it, but cannot remove it.

Ultraviolet is absorbed by the atmosphere, which is why the IUE has to

be in orbit.

The IUE in geosynchronous orbit is above the atmosphere, but it needs

its own power source (solar panels) and its information has to be sent

(transmitted) to the ground for analysis. Its position is inconvenient: if

something goes wrong it is very difficult and expensive to service or

repair an orbiting satellite, whereas the GTC can easily be maintained.

Collecting power: collecting power is proportional to D2, so ratio GTC :

IUE = 10.42 ÷ 0.452 = 530. The GTC has about 530 times the

collecting power of the IUE, so the GTC is better, as the bigger diameter

telescope makes brighter images and can detect fainter objects.

Minimum angular resolution: θ ≈ λ/D, so it is proportional to 1/D (and

to λ).

IUE: θ = 2.0 × 10-7 ÷ 0.45 = 4.4 × 10-7 rad

GTC: θ = 1.0 × 10-6 ÷ 10.4 = 9.6 × 10-8 rad

Ratio GTC ÷ IUE = (1.0 × 10-6/10.4) ÷ (2.0 × 10-7/0.45) = 0.2, so the

GTC is about 5 times better at resolving, even though it detects longer

wavelengths. The bigger diameter telescope makes clearer, more detailed

images.

Overall the GTC has the greater collecting power and the better

resolution, but the IUE can observe ultraviolet radiation that cannot reach

the ground.
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QE = number of photons detected ÷ total number of photons arriving

at the detector (as a %).

CCD: QE above 80%, eye: QE only about 1%.
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Spectral class A.

Their temperatures (7700 K to 9600 K) are all in the range for class

A, which is 7500 K to 11 000 K.

The lower the apparent magnitude, the brighter the star appears.

Vega has the lowest apparent magnitude (0.03), so Vega appears

brightest.

m − M = 5 log(d/10):  smallest m − M means closest

Altair: 0.77 − 2.21 = −1.44  (Vega −0.57, Deneb 9.63)

so Altair is the closest:  −1.44 = 5 log(d/10)

log(d/10) = −0.288    d = 10 × 10−0.288 = 5.15 pc

5.2
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Deneb is the largest.

All three stars have approximately the same surface temperature (7700 K

to 9600 K), but Deneb has a much brighter (more negative) absolute

magnitude of −8.38, so it has a much greater power output (luminosity).

As P = σAT4, to have a much greater power output for a similar

temperature, Deneb must have a much greater surface area, so it is the

largest. (On the HR diagram Altair and Vega are main sequence stars

and Deneb is a giant.)

Wien's law:  λmaxT = 2.9 × 10-3 m K

λmax = 2.9 × 10-3 ÷ 7700

λmax = 3.77 × 10-7 m

3.8 × 10-7
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An object (exploding star) that produces a rapid, enormous increase in

brightness, i.e. its absolute magnitude falls sharply.

Extremely dense (similar to the density of a nucleus).

Made up (almost entirely) of neutrons.

A collapsing star can produce a gamma ray burst, releasing in seconds

energy similar to the total output of the Sun over its lifetime.

The beams are highly collimated: if directed towards the Earth, it could

destroy the ozone layer and cause a mass extinction event.

Rs = 2GM / c2

Rs = 2 × 6.67 × 10-11 × 2 × 2.0 × 1030 ÷ (3.0 × 108)2

Rs = 5.93 × 103 m
5.9 × 103
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The star is much brighter than the light reflected from the planet, so

the planet is lost in the star's glare.

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

star moves towards and then away from the Earth as the planet orbits.

This causes a periodic shift in the wavelength of the light received from

the star (blue shift, then red shift of its spectral lines).

When the planet passes in front of the star (a transit, as seen from

Earth), it blocks (absorbs) some of the light from the star, so the

amount of light reaching Earth is reduced.

Apparent magnitude is a measure of the amount of light reaching Earth

from the star, so during each transit the star appears dimmer (its

apparent magnitude increases) and then returns to its constant value.

The dip repeats once every orbital period.

apparent
magnitude
(brighter
upwards)

timetransit transit

constant when no transit
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