
Stars

 Objective

• How far away are stars

• How do we know this

• How does distance affect its brightness



Compared to the Sun

 Similar:

• Fusing smaller elements into larger ones

• Emit vast amounts of light (blackbody radiation)

 Differences:

• A whole range of sizes

• A whole range of masses

• A whole range of temperatures

• Large fraction in binaries (2 stars orbiting each other)

• Some are “close” and some are really, really, really, etc far 
away



Closest

Centauri system
• Is actually a trinary

system (3 stars)

• 4.25 light years away!

• What is a light Year???



Light Year (ly)

 Distance it takes light to travel in 1 Earth year

• Speed of light (c) = 3 x 108 m/s

• 1 ly = 9.5 x 1015 meters

• 10,000 AU (Oort cloud)

 Light minute: ?

• Distance light travels in 1 min

• Sun-Earth ~ 8 light mins

1 year
later

Length = 9.5 x 1015 m



Nearest star

How do we know it takes this long?

Proxima
Centauri



Parallax



CLASS DEMO

1. Stand up, and hold out your thumb about a foot in 
front of your face.

2. Look at a few people (or the wall) across the room 
from you.

3. Blink your eyes back and forth.  What do you see?  
What happens to your thumb?

4. Now, extend your thumb out as far as you can.  Blink 
your eyes back and forth again.  Now what do you 
see?



So how does this relate to distance?  
Examine this diagram below…

Left Eye

Right Eye

Thumb

Distant Wall



So how does this relate to distance?  
Examine this diagram below…

Left Eye

Right Eye

θ

θ

dr {

Trigonometry gives the relationship between r, d, and θ



How Astronomers Measure Distance

 Take image of a nearby star, set against 
background of very distant stars

 Over one year, continue imaging the 
same star

 Because Earth orbits sun at a great 
distance, nearby star appears to have 
moved back & forth



Parsec Definition

• We measure angles in 
degrees

• A star’s parallax is pretty 
small

• Arcsecond (arcsec):
1/3600 of a degree
• Remember RA

• Parsec (pc): the distance 
at which an object will 
show a 1 arcsecond 
parallax angle with a 1 AU 
baseline (aka measured 
from Earth)

p



Angle vs Distance

 Smaller p 
larger d

 Small angle 
formula:

𝐷(𝑝𝑐) =
1(𝐴𝑈)

𝑝 (𝑎𝑟𝑐𝑠𝑒𝑐)



Small Angle Formula?

 Trigonometry:

 tanθ = 
1 𝐴𝑈

𝑑

 θ ~ really small (arcsec sized)  tan θ ~ θ

 θ (p) = 1/d      or  d = 1/p

θ

1 AU

d



TPS

• As the distance to a star increases, what happens to its parallax 
angle?

A. It increases

B. It decreases



TPS

3.  You see a star in the night sky, and you look up its distance to 
be 10 parsecs.  What would you expect to observe for a 
parallax angle for this star?

A. 1 arcsec

B. 10 arcsec

C. 1/10 arcsec

D. 1/20 arcsec



4. For this same star, what is the TOTAL 
ANGLULAR shift you expect to be able to 
observe in 6 months?  (parallax angle was 
1/10 of an arcsecond)

A. 1/5 of arcsec

B. 1/10 arcsec

C. 1/20 arcsec

D. 1/40 arcsecs

1

10
+

1

10
=

2

10
=
1

5



TPS

• You measure a star’s motion across a field of background stars 
to be a 1 arcsec angle over 3 months. How far away is it

A. Half a parsec

B. 1 parsec

C. Twice a parsec

D. Non of the above



LT

 The parsec

 Parallax and Distance

• In the pg 30’s

Made the Kessel run in under a parsec???



apparent magnitude    (m)

 How bright something appears

 Not always great indicator of how bright it is (depends 
on distance)

 Based on work of Hipparchus (Greece)

• Brightest visible stars:  1st magnitude

• Dimmest visible stars:  6th magnitude



Adopted today, with refinements

 magnitude defined:  5 magnitudes separated by factor 
of 100 in brightness

 1st magnitude  100 times brighter than 6th

 With this standard adopted, some stars are brighter 
than m = 1, many objects have negative magnitudes



The magnitudes of objects in our sky

Sun -27 Betelgeuse 0.5

Full Moon -12 7 stars in Big Dipper 2

Venus (at brightest) -4 Naked-eye limit 6

Jupiter, Mars (at 

brightest)

-2 Binocular limit 10

Sirius -1.5 6-inch telescope 13

 Centauri -0.1 Hubble ST (long 

exposure)

29-30



Mathematically…

 You can determine how many times brighter one object 
is than another by the following:

 Subtract the magnitudes (mA – mB), then use the 
following relationship

Luminosity = 2.5(mA – mB)



TPS

 How many times brighter does our sun appear than 
the faintest stars our eyes can detect?  

Sun:  m = -27

Faintest naked-eye stars:  m = 6

A.  2.27 x 108

B. 1.35 x 1013

C. 21

D. 33



Absolute Magnitude (M)

 Measure of a star’s true brightness/luminosity 
(independent of distance)

 Imagine putting every star at same distance, then 
measuring apparent magnitudes

 Absolute Magnitude:  apparent magnitude of a star if 
placed at exactly 10 parsecs



Distance Modulus 

 If you know a stars absolute (M) and apparent (m) 
magnitude

 Calculate the distance

Distance (pc) = 10(m-M+5)/5



TPS

3. Deneb is approximately 600 parsecs 
away from us.  At Deneb’s current 
location, m = 1.3, and M = -7.2.  If we 
placed Deneb only 10 parsecs away, 
which of the following would be true?

A. M would be brighter

B. M would be dimmer

C. m would remain at 1.3

D. m would now be -7.2



TPS

4. Two stars have the same apparent 
magnitude.  Their absolute 
magnitudes are:

Star A:  M = 2.5

Star B:  M = 5

Which star is closer to us?

A. Star A

B. Star B

C. Can’t tell



TPS

2. Sirius has an apparent magnitude of -1.5, but its 
Absolute Magnitude is 1.4.  What can we infer about 
the distance to Sirius?

A. Less than 10 parsecs

B. More than 10 parsecs



In conclusion

 For stars whose distance is 10 parsecs exactly, m = M

 For stars closer than 10 parsecs, “m” is brighter than 
“M”       

• Example:  m = 3,  M = 5

 For stars farther than 10 parsecs, “M” is brighter than 
“m”

• Example:  m = 3,  M = 1



Distances and Luminosity
• Apparent brightness (b): energy/s that reaches us 

• Apparent brightness is related to an object’s full luminosity by 
an inverse square law:

b =
𝐿

4𝜋𝑑2

• This means if we know the distance to 
a star, we can calculate it’s luminosity

𝐿 = 4𝜋𝑑2𝑏



• If you triple the distance to an object, how 
does it’s apparent brightness change?

A. Increases by a factor of 9
B. Decreases by a factor of 9
C. Decreases by a factor of 3
D. It doesn’t change



LT homework

 Apparent magnitude vs absolute magnitude


