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In ca 130  BC, Hipparchos created  t he first d etailed star  catalog of thou sands of  naked-eye 
stars. He ranked them according to their brightness with the brightest being assigne d the First 
Rank, the next brightest the Second Rank, and so on. Today, astronomers use this same  
brightness scaling for st ars which they call the apparent ma gnitude scale. As it turns out, th e 
human eye  can discer n a brightn ess change  of 2.5122- times, and that is why the star 
brightness rankings have such a specific pattern. For example, a star with a magnitude of +2.0 
is 2.51 times brighter  than a star of  magnitude +3.0. The d ifference in brightness between a 
+6.0 magnitude star an d a +3.0 st ar is 3.0 magnitudes, which corre sponds to a  brightness 
change of 2.512 x 2.512 x 2.512 = 15.9 times. A magnitude difference of 5.0 corresponds to a 
change of 100 times. Now, let’s do some star math!! (Note; In the following problems we ha ve 
stated star magnitudes to the nearest integer to simplify the math!) 
 
Question 1)  The star Sirius has a magnitude of  -1.0 while the  star K ruger 60B has a m agnitude of 
+11.0. What is the magnit ude difference between these stars? How m any times fainter i s Kruger 60B 
than Sirius? 
 
Question 2 )  The apparent magnitu des of the  su n and moon are  -2 6.0 a nd -18.0. How ma ny 
magnitudes brighter is the sun than the moon? How many magnitudes brighter is the  sun than Kruger 
60B? By what factor is Kruger 60B fainter then the sun? 
 
Question 3)  If the brighte st object the human eye can observe (just short of i nstant blindness!) is th e 
sun with a magnitude of -26.0, and if the faintest star we can see with the naked eye has a magnitude of 
+7.0, by what factor is the faintest obje ct  less di scernable than the brig htest object we ca n see?  In  
other words, complete this sentence:  “The sun is … …….. times brighter than the faintest star we can 
see with the naked-eye.” 
 
Question 4) The Palomar Sky Survey was a photographic survey of the north ern sky performed during 
the 1940’s.  Nearly 1 billion objects have been identified in these photographs. The faintest stars have  
apparent magnitudes of  +2 0.0. How many m agnitudes fainter than th e fai ntest n aked-eye sta r ( 
magnitude +7.0) are the stars in the Palomar Survey? By what factor are these stars fainter than naked-
eye stars?  (http://www-gsss.stsci.edu/gsc/gsc2/GSC2home.htm) 
 
Question 5)  In 1996, the Hubble Space Telescope photographed a small piece of the sky with a time-
exposure lasting over 10 days. Although only   1,500 galaxies were detected, the faintest of these have 
a magnitude of +30.0, how many magnitudes fainte r than the  sun a re these faint galaxies? By what 
factor are these gal axies fainte r tha n  the di mmest stare we can  see with the h uman eye?  
(http://www.stsci.edu/ftp/science/hdf/hdf.html) 
 
 
Question 6)  The Sloan Digital Sky Survey is m apping ¼ of the entire sky. It has p erformed detailed 
studies on over 200  milli on sta rs and other objects. The faintest  obje cts have magnitudes of +22.0. 
How mu ch f ainter a re th e galaxie s in  the Hub ble Deep Field i n term s of magnitud es? In terms of 
brightness?  (http://www.sdss.org/tour/index.html)  
 
 
Question 7)  Compare the magnitude of the sun with the magnitude of the faintest object s astronomers 
have detected with the Hubble Space Telescope. How many magnitudes fainter are the Hubble objects 
than the sun? By what factor is the sun brighter than the faintest known astronomical objects? 
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Hint: use th e relationships that a dif ference of 5  magnitudes is a factor of 100 in brightness. 
So, 8 magnitudes = 5 + 3 magnitudes  or a factor of 100 x 2.512 x 2.512 x 2.512. 
 
Question 1)  The star Sirius has a magnitude of  -1.0 while the  star K ruger 60B has a m agnitude of 
+11.0. What is the magnit ude difference between these stars? How m any times fainter i s Kruger 60B 
than Sirius? Answer:  a) +11 – (-1) = +12 magnitudes.  B) 12 = 5 + 5 + 2  so the factors are 100 x 100 x 
2.512 x 2.512 =  63,000 times fainter than Sirius. 
 
Question 2 )  The apparent magnitu des of the  su n and moon are  -2 6.0 a nd -18.0. How ma ny 
magnitudes brighter is the sun than the moon? How many magnitudes brighter is the  sun than Kruger 
60B? By wh at factor is K ruger 60B fainter then th e sun? Answer:  -26 – (-18) = -8 magnitudes or ‘ 8 
magnitudes brighter’ because the sign is negative.  This i s a fa ctor of 1 00 x 2 .512 x 2.512 x 2.512 = 
1,600. 
 
Question 3)  If the brighte st object the human eye can observe (just short of i nstant blindness!) is th e 
sun with -26.0, and if the faintest sta r we can see with the na ked eye is +7.0, by what factor is the 
faintest object  less di scernable than the brightest object we can  see?  In oth er words, complete this 
sentence:  “The su n is … …….. times brighte r than the faintest star we can see with the n aked-eye.” 
Answer:  T he magnitu de differen ce i s 26.0 + 7. 0 = 3 3.0. T he bri ghtness differen ce is  33  = 
5+5+5+5+5+5+3 or 100x100x100x100x100x100x2.512x2.512x2.512 = 16 trillion times. “T he sun i s 16 
trillion times brighter than the faintest star we can see with the naked eye”. 
 
Question 4) The Palomar Sky Survey was a photographic survey of the north ern sky performed during 
the 1940’s.  Nearly 1 billion objects have been identified in these photographs. The faintest stars have  
apparent magnitudes of  +2 0.0. How many m agnitudes fainter than th e fai ntest n aked-eye sta r ( 
magnitude +7.0) are the stars in the Palomar Survey? By what factor are these stars fainter than naked-
eye stars?  (http://www-gsss.stsci.edu/gsc/gsc2/GSC2home.htm). Answer: 20-7 = 13 magnitudes fainter 
or a brightness of 100 x 100 x 2.512 x 2.512 x 2.512 = 160,000 times. 
 
Question 5)  In 1996, the Hubble Space Telescope photographed a small piece of the sky with a time-
exposure lasting over 10 days. Although only   1,500 galaxies were detected ,the faintest of these have 
a magnitude of +30.0 ,how many magnitudes fainte r than the  sun a re these faint galaxies? By what 
factor are these gal axies fainte r tha n  the di mmest stare we can  see with the h uman eye?  
(http://www.stsci.edu/ftp/science/hdf/hdf.html) .Answer:  30 –  7 = 2 3 ma gnitudes o r 5+5+5+5+3 
magnitudes or a brightness of 100 x 100 x 100 x 100 x 2.512 x 2.512 x 2.512 = 1.6 billion times. 
 
 
Question 6)  The Sloan Digital Sky Survey is m apping ¼ of the entire sky. It has p erformed detailed 
studies on over 200  milli on sta rs and other objects. The faintest  obje cts have magnitudes of +22.0. 
How mu ch f ainter a re th e galaxie s in  the Hub ble Deep Field i n term s of magnitud es? In terms of 
brightness?  (http://www.sdss.org/tour/index.html)  Answer: 30 – 22 = 8 magnitudes or a brightness of 
100 x 2.512 x 2.512 x 2.512 = 1600. 
 
 
Question 7)  Compare the magnitude of the sun with the magnitude of the faintest object s astronomers 
have detected with the Hubble Space Telescope. How many magnitudes fainter are the Hubble objects 
than the sun? By what factor is the sun brighter than the faintest known astronomical objects? Answer:  
-26 –  (30) = -56  magnitude s .The brig htness factor is 

100x100x100x100x100x100x100x100x100x100x100 x 2.512 = 2.5 x10
22

 times or  25,000 bill ion billion 
times fainter.  
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