Star Brightness:
Apparent vs Absolute Magnltude

® Apparent magnitude: how bright a star
looks from Earth

® Absolute magnitude: true brightness if
placed exactly 10 parsecs (32.6 light years) away

® The scale runs backward — smaller or - ‘
negative numbers mean brighter objects :

® Goal: read both scales and explain why a
bright-looking star may not be luminous

® Goal: perform basic brightness-ratio and
distance-modulus calculations




Why Astronomers Needed Two Magnitudes

® Hipparchus (c. 150 BCE) ranked
~1,000 stars into six brightness classes |

® First magnitude was brightest; sixth S
was the faintest visible to the eye |

® |n 1856 Norman Pogson fixed 5
magnitudes as exactly a 100x
brightness ratio

® Each single step equals the fifth
root of 100 — about 2.512,
the Pogson ratio

® The scale is logarithmic, like the eye -
and the decibel scale |

® Modern catalogs use decimals and
negatives, so the brightest stars
fall below zero

Brighter e s Fainter



Reading the Magnitude Scale: Brightness Ratios
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Formula:

bi/b, = §EFF* M- M = o BEERRSY

-~ ® Rule of thumb: 5 magnitudes = x100; 2.5 = x10; 0.75 = x2
e Magnitude 8.5 vs Sirius (m = -1.5): 10,000 times fainter
@ Sjrius (-1.5) is about 25 times brighter than Polaris (2.0)

e Watch out: negative and decimal magnitudes trip up begihners




Reference Points from Sun to Faintest Naked-Eye Stars

Apparent
Magnitude

30

~gpelE

=10 -

+30 ==

+20 +

. Sun

(= —26.8)

Full Moon
(= -12.7)
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(= —1.5)

Vega
(= 0.0)

Polaris
(= +2.0)

Faintest naked-eye stars
(about +6 to +6.5)

A 32 cm reflector

Sun = —-26.8; full Moon = -12.7;
Venus at brightest = -4.4

Sirius = —1.5; Vega = 0.0 (zero point);
Polaris = +2.0

Faintest naked-eye stars under dark
skies: about +6 to +6.5

A 32 cm reflector reaches roughly
magnitude 15 under dark skies

Sun vs full Moon: Am = 14 means
about 400,000 times brighter

(roughly magnitude 15) L



Why Distance Changes
Apparent Brightness

e Inverse-square law: twice as far
means four times fainter

e Flux at Earth: F = L / (4ntd?),
where L is luminosity

e Concert-hall analogy: identical
25-watt bulbs look dimmer
across the room

e Parsec: distance where 1 AU
subtends 1 arcsecond; 1 pc = 3.26 ly

e Nearby stars: trigonometric
parallax gives d(pc) = 1 / p(arcseconds)



Absolute Magnitude: Comparing Stars on Equal Footi'ng

e M = apparent magnitude if the star were exactly 10 parsecs away

e Fixed distance makes M a logarithmic stand-in for luminosity

e Sirius: m=-1.44, M = +1.4 — bright mainly because it is close (2.6 pc)

® Betélgeuse: m =~ 0.45, M = —5.1 — a far more luminous supergiant at ~160 pc

e Sun:m =—-26.8 but M ~ +4.8 — a modest main-sequence star
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| The Distance Modulus Formula »

@ Distance modulus: m = M = 5 logy,(d) - 5, witH din parsecé
e |Invertit: d = 10*((m - M + 5)/5); know any two of m, M, d
- ® Quick pattern: modulus 0 - 10 pc; 5 = 100 pc; 10 - 1 kpc
e Negative modulus means closer than 10 pc; positive means farther

e Watch out: base-10 log, parsecs not light years, rounding errors

10 pc 100 pc Tkpc
(modulus 0) (modulus 5) (modulus 10)

Distance (parsecs)



‘ Worked Examples with Real Stars
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Sirius Vega Deneb
m = -1.44, m = 0.45, | M=0.58, mi= 1:25at~993 pc— |
- d=2.64pc— M= -514 - | d=776pc— M= -7,
M= +1.4 dh=s102(1.41) =13 pe apparent magnitude extremely luminous
' (ESA exercise) =00
i
Sun-like star g
m = 6.39, M = 4.85 - d =~ 20 pc (66 light-years) e
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Flux, Luminosity, and What Magnitude Really Measure's |

® Flux: energy received per
unit area per second (W/m?)

Surface
temperature (T)

® Luminosity: total power
output (W), often in Suns
(3.85 x 10Z5W)

Flux at Earth

® Flux alone can't give
luminosity — you also
need distance

® Blackbody link: L = 4nR%cT* R e .y
ties luminosity to radius " n“ _
and temperature Radius (R)

® Magnitudes map to luminosity: | = e aAd AT -
My — M, = 2.5 logio(La/Ly) S | T

® Filters matter: V, B, G sample ke .’ ?‘ i
different bands; bolometric : o -
covers all




- The Hertzsprung-Russell Diagram Connection

——

e H-R diagram plots absolute
visual magnitude against
spectral class

® Higher on the plot means
greater luminosity, even though
magnitude numbers are lower

e Main sequence runs diagonally:
hot, luminous O stars to cool,
faint M dwarfs

e Giants and supergiants occupy
the upper right; white dwarfs
sit lower left

® The Sun sits on the main
sequence at M = +4.8,
spectral type G2V
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Observing Brightness: Limiting Magnitude and Light Pollution

SKIES BRIGHTER DISCOVERIES
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e Limiting magnitude: faintest star visible under given sky conditions

Bortle 1 (pristine): NELM about 7.6-8.0; Bortle 5 (suburban): about 5.6-6.0; Bortle 9 (inner city): about 4.0

Sky Quality Meter: about 22 mag/arcsec? at pristine sites, below 18 in cities
® Allow at least 20 minutes for dark adaptation; avoid the Moon

® Haze and extinction dim stars near the horizon—compare stars at similar altitude



' Estimating Magnitudes i
by Eye: A Practical Skill

® Pick a target star and two reference
stars: one brighter, one fainter

® Interpolate: two-thirds from the fainter
toward +3 gives about +3.3

® Plan in Stellarium, then check your
estimate against the catalog value

® AAVSO charts give reliable
comparison-star magnitudes

® Practice across constellations;
estimates improve within a few sessions
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Hands-On Practice and Data Checking '

® Worksheet 1: brightness-ratio drills —
magnitude 2 vs 4 is 6.3x brighter

® Worksheet 2: distance-modulus exercises
with real star tables (m, M, d)

@ Ranking task: order five stars by apparent |
brightness, energy output, and distance

® Verify with SIMBAD (V magnitude, parallax,
spectral type)

® Cross-check with Gaia DR3 (parallax, G/BP/RP | Star Data: SIMBAD and Gaia DR3
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Teaching Strategies, Misconceptions, and Next Steps

=y 3} &
Misconceptions | Activities | Next Steps
|

! ® Misconception: brightest- ® Activities: light-bulb ® Next: variable stars,
looking star is most luminous — inverse-square demos, spectroscopy, distance
compare the Sun with Rigel ranking tasks, spreadsheet measures, AAVSO photometry,
comparisons online telescope courses

® Misconception: the magnitude
scale is linear — a 5-step gap
means 100x brightness

® Misconception: magnitude zero
means no light — zero is just a
reference brightness




PersonWise.

PersonWise - Al digital-human course platform

Scan the code or click anywhere to watch this course live, with voice Q&A
personwise.ai/t/1cff2bdb/public


https://personwise.ai/t/1cff2bdb/public?entry_surface=public_courseware_pdf

