Hipparchus [160 - 127 BC]

Hipparchus compiled a catalog of about a
thousand stars in the second century, BC.
He classified them into six categories of
brightness, now called magnitudes.




Magnitudes

Recognizing that (a) the response of the human eye is basically logarithmic
and (b) the average flux difference between first and sixth magnitude stars
is about 100, Norman Robert Pogson (1856) proposed that:

5 magnitudes exactly corresponds to a ratio of 100 : 1, or

1 magnitude corresponds to a flux ratio of 2.512 : 1.

(2.512)5 = 100.0

Note that numerically smaller numbers correspond to brighter stars.

Apparent Magnitudes

E,/F, = 1000, ~m)s
log (x) = nlog (x)
log (F,/F,) = (m;—-m,)/5 log(100) = 2 (m, —m,)/5

Am = m;—-m, = 2.5log(F,/F,)




Apparent Magnitudes

Am = m;—m, = 2.5log(F,/F,)

Am Flux Ratio
0.0 1.0:1
0.5 1.6 : 1
1.0 25:1
2.0 6.3:1
2.5 10 :1
3.0 16 :1
4.0 40 :1
5.0 100 :1
10.0 10,000 :1
Example

m,-m,=25log(F,/F,)
Let m =42" and F,/F =27
42-m,= 25log(27)
42-m,= 3.6
m,= 42-3.6

m, = 0.6™




The Pleiades

Universe, Geller, Freedman, and Kaufmann
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Full Range

Am = m;—-m, = 2.5log(F,/F,)
Am = 30-(-26.7) = 56.7
56.7 = 2.5log (F,/F,)
log (F,/F;) =567/25 =227 = 23

F,/F, = 10%

100,000,000,000,000,000,000,000 : 1

Luminosity and Flux

Luminosity (power) is the rate at which electromagnetic energy is
radiated into space by an astronomical object.

L. = 3.826x10%J/s

sun

“Brightness” of a star is radiant flux F — The total amount of light energy
of all wavelengths that crosses a unit area perpendicular to the direction of
the light’s travel in unit time. The flux is the number of joules per second

at 1 cm? of a detector aimed at the star.

F=L/(@4nd




Propagation of Light

Apparent Brightness

Flux = Luminosity / 4 it d?

Inverse Square Law

Flux, 4 1 d,? d,?

Flux, 4md? d?
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The Pleiades
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How to Compare Magnitudes

The way to compare the intrinsic brightness is to compare the magnitudes
for a given distance, which is 10 pe.

Example:
Suppose a star has m = 7.5 mag and is at d = 100 pc
Change d to 10 pc

Distance has been reduced by 10X,
so the Brightness has increased by (10)> = 100X, or
the Magnitude must decrease by 5.0 mag

Therefore, M = 7.5-5.0 = 2.5 mag

Absolute Magnitudes

my—m,=25log (F,/F,)
F=1L/4nd?
F(10) / F(d) = (d/10)?

m-M=5log(d/10)




Example
m-M=5log(d/10)
Let m=63" and d=38pc
6.3-M = 5log (38/10)
6.3-M = 2.9
M = 63-29

M = 3.4m

The Sun’s Absolute Magnitude
m-M=5log(d/10)
Let m=-26.7" and d=1/206265 pc
26.7-M = 5log (1/206265 /10 )
-26.7-M = -31.5
M = -26.7+31.5

M = 4.8m
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Color Indices

Filters U Ultraviolet
B Blue
\Y% Visual

(U-B)and (B—-V) are color indices

B-V = M- M,

Ultraviolet, blue, and visual magnitude scales are adjusted to be equal to
one another, so that they give a color index of 0 to a star with a
temperature of about 10,000 K. The (B — V) index ranges from about -0.4
(bluest, hottest stars) to more than +2.0 (redder, coolest stars).

Color and Temperature
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Bolometric Magnitudes

Occasionally, astronomers do discuss the magnitudes of stars based on
their entire luminosity. In other words, no filter is used. The Bolometric
Magnitude covers the entire electromagnetic spectrum.

Instead of using Flux, one uses the Luminosity of the Sun:
L. = 3.826x10%J/s

sun

The corresponding magnitude is M, ,, = 4.75 mag .

Table of Colors

H8 BRIGHT STARS, J1998.5
Flamsteed/Bayer HR i inati X )
Dcsignmog I Aslsgl}s’:on Declination | Notes v U-B | B-V Spectral Type
h m s o "
11 v1032 Ori | 1638 | 50429.0 | +1524 08 | fv 4.68 | —0.09 | —0.06 | AOp Si
n? Pic | 1663 | 504557 | —49 3447 | fv 5.03 | +1.88 | +1.49 | K5 III
2 € Lep | 1654 | 505239 | —222223 | fv 3.19 | +1.78 | +1.46 | K4 III
¢ Dor | 1674 | 50529.1 | —572829 | f 472 | —0.04 | +0.52 | F7V
10 n Aur | 1641 | 50624.6 | +41 1357 | fv 3.17 | —0.67 | —0.18 | B3V
67 B Eri | 1666 | 50746.5 | — 50518 | fvd 2.79 | +0.10 | +0.13 | A3 1Vn
69 A Eri | 1679 | 509045 | —84521 | fv 4.27 | —0.90 | —0.19 | B21Vn
16 Ori | 1672 | 509 14.7 | + 94940 | fvmd6 | 5.43 +0.24 | A9m
3 v Lep | 1696 | 51213.7 [ -115215 | d 4.45 | —0.40 | —0.10 | B9 V:
5 m Lep | 1702 | 51251.8 | —16 1226 | fsv 3.31 | —0.39 | —0.11 | B9p Hg Mn
4 K Lep | 1705 51309.7 | 1256 36 | d7 4.36 | —0.37 | —0.10 | BTV
17 P Ori | 1698 | 513127 | + 25134 | vd67 4.46 | +1.16 | +1.19 | K1 III CN 0.5
11 w Aur | 1689 | 51319.5 | +382858 | f 4.86 | +0.09 | +0.18 | A7m
0 Dor | 1744 | 513455 | —671113 | f 4.83 | +1.39 | +1.28 | K2.5 Illa
19 B Ori | 1713 | 514279 | — 81212 | fsvd6 0.12 | —0.66 | —0.03 | B8 Ia
13 a Aur | 1708 | 516 34.7 | +4559 48 | fcvd67 | 0.08 | +0.44 | +0.80 | G6 III + G2 III
0 Col | 1743 | 517258 | —345348 | f 4.83 | +0.80 | +1.00 | KO/1 III/IV
20 T Ori | 1735 | 517320 | — 65045 | fsd6 3.60 | —0.47 | —0.11 | B5III
15 A Aur | 1729 | 51902.1 | 4400552 | fd 4.71 | +0.12 | +0.63 | G1.5 IV-V Fe-1
¢ Pic | 1767 | 51919.9 | 503627 | f 5.45 | +0.01 | +0.51 | F7 III-IV
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