
Distances and Brightness

Learning Objectives

• The invisible 3rd dimension in the sky: depth (distance) and how we 
measure it;

• Distance ladder and its first step: parallax;

• Familiarity with combining magnitudes;

• Stellar motions: true and apparent.
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Distance to the Sun



Annual Parallax

If the Earth moved,
the stars would 
show a parallax.



Annual Parallax



Annual Parallax – Star at Ecliptic

A LINE!



Annual Parallax – Star at Ecliptic Pole

A CIRCLE!
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Annual Parallax – star at arbitrary ecliptic latitude



Annual Parallax

• The shift follows the Sun’s apparent motion
• The shift is along the line connecting the Sun and the star

. Earth

. Sun

. Star’s shifted position

. Star’s true position





Parallax





End	of	Class	1	of	parallax	(Sept	3rd,	2019)

What	didn’t	work:	going	through	the	elliptical	was	beyond	the	point.	
I	could	have	solved	an	exercise	or	gone	through	the	other	types	of	parallax.



Proper Motion

Barnard's Star

1’



How do we measure proper motion?



Stellar velocity components



We see the transverse velocity as a star's “proper motion”,
which changes its position in the sky.  

Stellar velocity components



Stellar Motions

Largest proper motion  - 10.3 ”/yr
(crosses half the moon in a human lifetime)

Barnard's star

Proper motion is measured in 
arcsec per year.

Typical proper motion: 0.1 ”/yr

1950 200019501950



Stellar Motions

Proper motions of stars at the vicinity of the Big Dipper

Constellations change over time



Stellar Motions

Constellations change over time



Stellar Motions

Constellations change over time



Solar Orbit



Solar Apex and Anti-Apex



Moving Cluster Parallax



Secular Parallax



Magnitudes

Hipparchus or Ptolemy (sources vary)
thought it a good idea to come up with 
the following scheme : 

- The brightest stars we see are of first magnitude
- Stars not so bright are of second magnitude
- The faintest stars we can see are of fifth magnitude 



Magnitudes

Hipparchus or Ptolemy (sources vary)
thought it a good idea to come up with 
the following scheme : 

- The brightest stars we see are of first magnitude
- Stars not so bright are of second magnitude
- The faintest stars we can see are of fifth magnitude

Bright – Magnitude 1 
Dim – Magnitude 5

The scale is reverse.
(It’s a ranking system)



Magnitude Energy
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The Moon is 500,000 times dimmer than the Sun as seen from Earth 

Yet one can read with nothing but moonlight



The Moon is 500,000 times dimmer than the Sun as seen from Earth 

Yet one can read with nothing but moonlight

Because of the huge DAY-NIGHT constrast, 
our eyes evolved to adapt to a WIDE RANGE in brightness



Magnitudes
A difference of five magnitudes amounts to a factor 100 in brightness

Brightness F

Magnitude m



Magnitudes
A difference of five magnitudes amounts to a factor 100 in brightness

Brightness F

Magnitude m

What Hipparchus came up with
What has physical meaning
Constant that makes the two systems match

The system is defined so that the magnitude of VEGA is zero
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As distance increases, the same energy 
spreads through a larger area

F∝1/ r2





Johnson UBVRI photometric filters





Infrared filters



The Distance to the Pleiades



The Distance to the Pleiades








