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Resolution is limited by the diameter of the objective, so it makes no

difference to which close binary stars can be resolved.

A CCD has a higher quantum efficiency (80% vs 1%) and can be

exposed for a long time, so dimmer or more distant binaries can be

observed.

A CCD detects a wider range of wavelengths (e.g. IR and UV), enabling

the observation of more binary pairs.

CCD images can be stored and analysed on a computer, so images at

different times can be compared to see the stars orbit.

M = fo / fe = 750  so  fo = 750 fe

fo + fe = 17.4 m  so  750 fe + fe = 751 fe = 17.4

fe = (fo + fe) / 751 = 17.4 / 751 = 0.0232 m

2.32 × 10-2
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The minima (dips) are caused when one star passes in front of the

other, so less light reaches us and the apparent magnitude increases.

The deeper minima are caused by the cooler (class G) star passing in

front of the hotter (class B) star, blocking more of the light; the

shallow dips are when the hotter star passes in front of the cooler star.
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The average (486.085 nm) is lower, so the light is blue shifted: the

system is moving towards us (Doppler effect).

Δλ = (486.498 − 485.672) / 2 = 0.413 nm

average wavelength = (486.498 + 485.672) / 2 = 486.085 nm

z = Δλ / λ = 0.413 / 486.085 = 8.50 × 10-4

v = zc = 8.50 × 10-4 × 3.00 × 108

v = 2.55 × 105 m s-1 = 255 km s-1  (about 250 km s-1)
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White dwarf: hot (class O or B, H and He absorption lines) but with a

dim absolute magnitude. Neutron star: detected by its radio emissions

(pulsar).

They must be coincident in space: the radio emission from the neutron

star is periodically blocked by the white dwarf, and the white dwarf's

spectral lines show a periodic Doppler shift.

Period T = 2.5 days (time between deep minima, from Figure 1)

T = 2.5 × 24 × 3600 = 2.16 × 105 s

v = 2πR / T  so  R = vT / 2π

R = 2.55 × 105 × 2.16 × 105 / 2π = 8.76 × 109 m
8.76 × 109
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It is a very powerful (high power) radio emitter.

m − M = 5 log (d / 10)

M = m − 5 log (d / 10)

d = 760 Mpc = 760 × 106 pc

M = 12.8 − 5 log (760 × 106 / 10)

M = 12.8 − 39.4 = −26.6  (about −27)
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The quasar is brighter, because it has the more negative absolute

magnitude (−26.6 compared with −22.8), so it would be brighter at

the same distance.

difference in absolute magnitudes = 26.6 − 22.8 = 3.8

each magnitude is a brightness ratio of 2.51

ratio = 2.513.8 = 33

33

M = 7.1 × 1011 × 1.99 × 1030 = 1.41 × 1042 kg

Rs = 2GM / c2 = 2 × 6.67 × 10-11 × 1.41 × 1042 / (3.00 × 108)2

Rs = 2.09 × 1015 m

V = 4/3 π Rs
3 = 4/3 × π × (2.09 × 1015)3 = 3.85 × 1046 m3

ρ = mass / volume = 1.41 × 1042 / 3.85 × 1046

ρ = 3.7 × 10-5 kg m-3

3.7 × 10-5
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The graph supports the Big Bang theory: the Universe began in a very

small, very hot and dense state and has been expanding and cooling

ever since.

Prediction 1, cosmic microwave background radiation (CMBR): the theory

predicts that radiation left over from the Big Bang should fill the

Calculation (Wien's law): peak of Figure 2 at λmax ≈ 1.07 mm

λmax T = 2.9 × 10-3 m K

T = 2.9 × 10-3 / 1.07 × 10-3 = 2.7 K

Age of Universe ≈ 1 / H0 = 1 / 2.27 × 10-18 s-1

= 4.4 × 1017 s ≈ 1.4 × 1010 years

(H0 = 70 km s-1 Mpc-1 = 2.27 × 10-18 s-1)
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Universe and have been stretched by the expansion into black body

radiation at microwave wavelengths, about 3 K.

Figure 2 shows exactly this: the radiation comes from all directions, it

peaks in the microwave region (about 1 mm) and the curve has the

shape of a black body curve. Using Wien's law the peak gives a

temperature of about 2.7 K, matching the prediction. This shows the

Universe was once very small and hot. The CMBR is not predicted by

the competing Steady State theory.

Prediction 2, red shift: the theory predicts that distant galaxies are all

moving away from us. Light from distant galaxies is observed to be red

shifted, and Hubble's law (v = H0d) shows that the further away a

galaxy is, the faster it is receding, so the Universe is expanding.

Running the expansion backwards gives an age of about 1 / H0, roughly

14 billion years.

Prediction 3, hydrogen to helium ratio: the theory predicts that nuclear

fusion in the hot early Universe produced hydrogen and helium in a ratio

of about 3 : 1 by mass. This ratio is observed in deep space (gas clouds

away from stars), which supports the Big Bang theory.
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