
What phenomenon is illustrated by this 
student’s Doodle?

A. The ecliptic

B. The celestial equator

C. Synchronous rotation

D. Moon phases

Work together!



Your Doodles about Light

YES!

The human eye can detect a 

single photon of light.



Energy = 450 Tev

Roughly equivalent to a flying mosquito



Crab Nebula



“Standard Candles”
An object’s brightness depends on its distance and 

how bright it really is.

Apparent
brightness

Luminosity Distance

If we know two of these characteristics, we can determine the 
third.



More Interactive Problems

The Sun-like star a Cen has ~1 LSun. 

If a Cepheid star of ~30 day period has the same brightness as 
a Cen, how far away is the Cepheid star? 

The Period-Luminosity Law 

for Cepheid variable stars.



“Monochromatic Flux”
“Flux Density”

The flux in a particular bandwidth of 
wavelength or frequency

Fl = dE / (dA dt dl)

Fn = dE / (dA dt dn)

What are the units of Flux Density?

units: ergs cm-2 sec-1 cm-1

ergs cm-2 sec-1 Hz-1



Total Flux Emitted by an Object

Integrate over all wavelengths or frequencies

F = 
𝟎

∞
𝑭ν 𝒅ν = 

𝟎

∞
𝑭λ 𝒅λ

units: ergs cm-2 sec-1

Note: 
dl ≠ dn

Fl ≠ Fn

[Solve problem #2 in Homework #5 to find the conversion.]



photometric

“windows”



Atmospheric Transmission
“windows” of transparency





“Photometric” Filters



Photometric 
Systems



“Magnitudes”

• Hipparchos (~150 BC):

– Labelled stars according to “size” (i.e.,  apparent brightness = flux)

– Twice as bright => mag. 5

• Our senses are logarithmic, i.e., powers of ten.

• From modern electronic measurements:

– A difference of one magnitude equals a flux  ratio of 

• 1001/5 = 2.5119

• so 5 magnitudes = [1001/5 ]5 = 100x in flux (brightness)

– F (mag = 2) / F (mag= 1) = 2.5119

– F2/F1 = 2.5119(m1-m2)



Consider two stars of flux F1 and F2

2.5119(m1-m2) = F2/F1

(m1-m2) log (2.5119) = log (F2/F1)

log (2.5119) = log (1001/5) = 1/5 * log 100 = 0.4

0.4 (m1-m2) = log (F2/F1)

Dm = (m1-m2) = 2.5 log (F2/F1)

CHECK: What if m1-m2 = 5.   Then F2/F1 = ____?



Let one star have “zero magnitude”

magnitude difference = Dm = (m1-m2) = 2.5 log (F2/F1)

Let m1 ≡ 0, 
so Fm=0 is the flux from a zero-magnitude star
The star Vega is defined as zero-magnitude.

Then m2 = -2.5 log (F2/Fm=0)

So, in general:

m = -2.5 log (F/Fm=0)

m=mv and F=Fv are defined for some bandwidth, like visual (“v”)



Absolute Magnitude

magnitude difference = Dm = (m1-m2) = 2.5 log (F2/F1)

F = L/4pd2

(m1-m2) = 2.5 log (L2/d2
2 ÷ L1/d2

1)

Imagine the same star viewed at two distances:

- its real distance (d in parsecs) - with magnitude m

- an absolute distance (d10) of 10 parsecs – with magnitude M

(m-M) = 2.5 log (d2/d2
10)

m-M = 5 log (d) – 5

m-M = -5 log (p) -5, where p = parallax angle in arcsec

m-M is called the “distance modulus”



Problem

• Compare human eye to Hubble Space Telescope (HST)

– eye can see to a visual magnitude of mv = 6

• abbreviation: mv ≡ V, so V = 6

– HST: V ≈ 31

• What is the flux ratio of these two objects?



Problem Solution

• Dm = (m1-m2) = 2.5 log (F2/F1)

• 31 – 6 = 2.5 log (F2/F1)

• 25 / 2.5 = log (F2/F1)

• 1010 = log F2/F1

• In words: “ten billion”

• Check: Remember that 5 magnitudes corresponds 
to flux (brightness) ratio of 100

– (100)5 = (102)5 = 1010



Problem

Assume you have two stars with individual 
apparent magnitudes of 3 and 4. What is the 

apparent magnitude of the unresolved pair of 
stars?

[Since magnitudes are logarithmically related to flux, you 
cannot simply add two magnitudes together to find the 
total apparent magnitude of an unresolved binary star.]



Problem Solution
fluxes add – magnitudes do not

• m1 = -2.5 log (F1/Fm=0) = 3
• m2 = -2.5 log (F2/Fm=0) = 4
• mtotal = -2.5 log [(F1 + F2) / Fm=0] = ?

• -0.4m1 = log (F1/Fm=0)
• F1 = Fm=0 * 10-0.4m1

• mtotal = -2.5 log[10-0.4m1 + 10-0.4m2]
• mtotal = -2.5 log (0.082)
• mtotal = 2.64

• Does this magnitude make sense?



Problem
What is the absolute visual magnitude of the Sun?

Absolute visual magnitude of Sun  = MV = ?

Apparent visual magnitude of Sun = mV = -26.7

m-M = 5 log (d) – 5



Problem Solution

• Absolute visual magnitude of Sun  = MV = ?
• Apparent visual magnitude of Sun = mV = -26.7

• mv - Mv = 5 log (d) – 5
• Mv = mv - 5 log (d) + 5

• Mv = (-26.7) - 5 log (1/206265 pc) + 5
• Mv = 4.8

• Does this answer make sense?
• Distance modulus = -26.7 – 4.8 = -31.5



“Magnitudes” 
very useful rules of thumb

• Every 5 magnitudes = ??

• Every 2.5 magnitudes = ??

• Every 1.0 magnitudes = ??

• Every 0.5 magnitudes = ??

• Homework:

– Astronomers often use the approximation that a 
1% change in brightness of a star corresponds to 
a change of 0.01 magnitudes. Justify this 
approximation.



F0(l) = F0(n) · c/l2

flux for zero-magnitude

• Here’s an online calculator:
– https://www.gemini.edu/sciops/instruments/midir-

resources/imaging-calibrations/fluxmagnitude-conversion

https://www.gemini.edu/sciops/instruments/midir-resources/imaging-calibrations/fluxmagnitude-conversion


Another “Magnitude” Problem
“color index”

• mU – mB

– aka, U-B

• mB – mV

– aka, B-V

• For an object with B-V > 0, is the object 
reddish or bluish?



“Blackbody Spectrum”

• In your junior year Quantum Mechanics course, you will 
derive a formula for the flux of light emitted at different 
wavelengths (frequencies) from a perfectly absorbing body 
(“opaque”).
– the “Planck function”

• The monochromatic flux emitted from the surface of such an 
object is

• Fl = p Bl(T) erg sec-1 cm-2 Hz-1

• Fn = p Bn(T) erg sec-1 cm-2 cm-1

• p Bl(T) = (pc/l2) · Bn(T) because dl ≠ dn



“Blackbody Spectrum”

logarithmic scale



What are the terms? 
What’s missing?

only a function of temperature!



Approximations to the Planck Function

• For long wavelengths: 

– Rayleigh-Jeans distribution

– For l >> hc/kt

• For short wavelengths:

– Wien distribution

– For l << hc/kt



Stefan-Boltzmann Law
total emitted flux over all wavelengths

• Integrate over wavelength (frequency):

F= 𝝅 𝟎
∞
𝑩λ 𝑻 𝒅𝝀

F= sT4

• So, the luminosity of a star is:
– L = 4pR2Fobs = 4pR2sT4 erg sec-1

– Stellar Luminosity  α (Radius)2 · (Temperature)4



A Continuous “Spectrum”
A spectrum is like a recipe!

contains light of all wavelengths but not in equal amounts

Wien's “Law”
The hotter the object, the bluer its 

color.
lmax = 3 x 10

6
nm

T

Stefan-Boltzmann “Law”
The total amount of light emitted 
from a given area depends on the 

temperature to the 4th power!!

(Total Emitted Energy)  a T4



Emphasize a consequence of Stefan-
Boltzmann

Curves of different temperature never cross each other.



Spectrum of Our Sun 
with and without Earth’s atmosphere


