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THE STARS

Astronomical Magnitudes:
Astronomical magnitudes are dimensionless values. They are the ratio of a star’s
radiation, to that of some standard star .
The standard star used is Vega. Thus, Vega has U =V = B = 0 values by definition so
Vega has zero color indices. ‘

Aall) o il rans A () aadll L lad) das a5 Al 92 a8 (A S jdl)
Dl i e 4l 18 (8 1A ey paill ;S ad y= v = = 0 4pad 18 Ul 18 g8 andiiual) sl anill

A iea ol

A.  The apparent magnitude (m): Astronomers divided the visible stars into six
classes according to their apparent brightness. The first class contained the brightest

stars and the sixth the faintest ones still visible to the naked eye.
The Sun, at apparent magnitude of —27, is

the brightest object in the sky. The response of the human eye to the brightness of light
is not linear, but logarithmic, therefor the magnitude scale is logarithmic.
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We define apparent magnitude as a logarithmic brightness ratio of a body to some

standard:
m= -2.5|Oglo (b/bo) ........ (1)

Where m is the apparent magnitude, b is the brightness of a body as determined
through a V filter, and by is the standard’s brightness, the brightness of Vega. Vega
has been assigned an m = 0. Magnitudes are dimensionless quantities, but to remind
us that a certain value is a magnitude, we can write it, for example, as 5mag or 5™,
We can show that the magnitudes m; and m, of two stars and the corresponding
brightness b; and b, are related by

mi-my=-2.5 |0g10 (bllbz) ...... 2

|Oglo(b1/b2) =-04 (ml-mz )

—0.4(m1—m2)
10

Equation 1 can be rewritten as:
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b = bo X 10-m/2'5 .......... 4

Example 1: The Sun is about 480,000 times more brightness than the full Moon. What

Astronomy

Is the difference in their apparent magnitude?

bmoon =1, bsun = 480000

Am = -2.5log (bsyn/bmoon) = -2.5l0g (480000/1) = -14.2 magnitude.

Example 2: The individual apparent magnitudes of two binary stars are +2 and +4.

What is the combined apparent magnitude of the binary system?

(bbinary /bo ) = (b+2 /bo) + (b+4 /bo) :10_4/2'5 + 10-2/2'5 :0.1836
Mbinary = -2.5109 (Dpinary /Do) = -2.5 109(0.1836) = 1.840 magnitude
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Hubble, Keck limit {30)
Hale telescope limit (28)

4-meter telescope limit (26)

1-meter telescope limit {(18)

Binocular limit (10)
Barnard's Star {(9.5)

Naked-eye limit (&)
Polaris (2.5)

Betelgeuse (0.8)

Alpha Centauri {0O)

Sirius (—1.5)

Venus (at brightest —4.4)

Full moon (—12.5)

Sun (—26.8)

B.  Absolute magnitude M is the apparent magnitude the star would have if it

were placed at a distance of 10 parsecs from the Earth.

From the inverse square law for light, the ratio of its brightness at 10 pc to its

brightness at its known distance d (in parsecs) is
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bio /by = (A/10)% ........ 5
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Then, like the formula above, we say that its absolute magnitude is
M =m -5logie(d/c) ....... 6
C is a constant that depends on the units that the distance to the star is measured.
if d is in parsecs, then C = 10 (= number of pc in 10 pc)
if d is in lightyears, then C = 32.616 (= number of ly in 10 pc)
if disin AU, then C = 2062641.61 (= number of AU in 10 pc)
if d is in kilometres, then C = 3.08571e14 (= number of km in 10 pc)
e A star at a distance of 10 parsecs has m-M =0
e |f the star is closer than 10 parsecs, then m-M < 0 because m < M
e If astar is further than 10 parsecs, then m - M > 0 because m > M

Calculate the Absolute Magnitude of the star, in solar units (b), the equation is
M =4.83-2.5log1eb ......... 7

Where: M = Absolute magnitude of the star (magnitude if viewed from 10 pc)

b = brightness of star expressed in solar units

Example:

1) Procyon is an F5 IV star that is 7.36 times brighter than Sun and 11.4 ly from Earth.
What are its Absolute (M) and Apparent (m) magnitude?

M =4.83 - 2.5l0g(7.36), so M = 2.66.

m = 2.66 + 5log(11.4/32.616), so m =0.38.

These values agree with the real values, so this shows that the equations work!

2) What is the apparent magnitude of Sun as seen from Procyon?

The Absolute Magnitude of the sun is 4.83 (looking eq 7, log(1) = 0, so M = 4.83).

3) What is the apparent magnitude of Sun as seen from Neptune? Neptune is 30 AU
from Sun.

C.  The bolometric magnitude Moo, it is the same magnitude (apparent and
absolute) but takes into account electromagnetic radiation at all wavelengths. It
includes those unobserved due to the Earth's atmospheric absorption, and extinction by
interstellar dust. It is defined based on the |HiINOSIVIORNCISS]
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The absolute bolometric magnitude can be expressed in terms of the luminosity. Let
the total flux density (total brightness) at a distance r = 10 pc be F and let Fo be the
equivalent quantity for the Sun. Since the luminosity is L = 4zr?F, we get
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