ASTRONOMICAL FORMULAE

1) Magnification = Objective Focal Length / Eyepiece Focal Length

2) True Field of View = Eyepiece Apparent Field of View / Magnification of view

3) f/number = Objective Focal Length / Objective Diameter
4) Exit pupil = Objective Diameter / Magnification = Eyepiece Focal Length / Objective f-ratio
By switching the terms around:

5) Magnification = Objective Diameter / Exit Pupil Diameter.

6) Aperture gain = (Objective Diameter / Eye Pupil Diameter) 2
7) Sagitta = Diameter of glass / 16 * Objective f-ratio
DAWES LIMIT (SMALLEST RESOLVABLE ANGLE, RESOLVING POWER)

 Theta = 115.8/D

Where Theta is the smallest resolvable angle in "
           D is the diameter of the objective in mm

Theta = 4.56 Arc Seconds / D
Where D is the diameter of the objective in inches


Atmospheric conditions seldom permit Theta > 0.5". The Dawes Limit is one half the angular diameter of the Airy (diffraction) disc, so that the edge of one disc does not extend beyond the center of the other). The working value is two times the Dawes Limit (diameter of the Airy disc), so that the edges of the two stars are just touching.

MAGNIFICATION NEEDED TO SPLIT A DOUBLE STAR

 M = 480/d

	
	where M is the magnification required
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	480 is # of seconds of arc for an apparent field of 8 minutes of arc
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	d is the angular separation of the double star


About the closest star separation that the eye can distinguish is 4 minutes of arc (240 seconds of arc).  Twice this distance, or an 8-minute (480- second) apparent field angle, is a more practical value for comfortable viewing.
RESOLUTION OF LUNAR FEATURES

Resolution = (2 * Dawes Limit*3476)/1800)

                 Dawes Limit * 38.8

 Where Resolution is the smallest resolvable lunar feature in km
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	2 * Dawes Limit is the Airy disc (more practical working value: 2x this)
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	1800 is the angular size of the moon in "
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	3476 is the diameter of the moon in km
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SURFACE BRIGHTNESS OF AN EXTENDED OBJECT ("B" VALUE)

B = 100.4(9.5-M)/D2 

where B is the surface brightness of the (round) extended object M is the magnitude of the object (total brightness of the object),
linearized in the formula D is the angular diameter of the object in seconds of arc (D^2 is the surface area of the object)

EXPOSURE DURATION FOR POINT SOURCES

e = (100.4(M+13))/S*a2 
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	where e is the exposure duration in seconds for an image size of >= 0.1 mm
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	M is the magnitude of the object
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	S if the film's ISO speed
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	a is the aperture of the objective


BODE'S LAW FOR CALCULATING PLANETARY DISTANCES
(4 + 3(2n))/10 in AU at aphelion

Where n is the serial order of the planets from the sun (Mercury's 2n =1, Venus's n = 0, Earth's n = 1, asteroid belt = 3) 

ESTIMATING ANGULAR DISTANCE

Penny, 4 km distant .......................................  1"

Sun, Moon ................................................. 30'

(The Moon is approximately 400 times smaller in angular diameter than the Sun, but is approx 400 times closer)

Width of little finger at arm's length....................  1o
Dime at arm's length......................................  1o
Quarter at arm's length...................................  2.5o
Width of Orion's belt .....................................  3o
Alpha Ursae Majoris (Dubhe) to Beta Ursae Majoris (Merak) .  5o
    (Height of Big Dipper's  "pointer stars" to Polaris.)

Alpha Geminorum (Castor) to Beta Geminorum (Pollux) .......  5o
Width of fist at arm's length............................. 10o
Alpha Ursae Majoris (Dubhe) to Delta Ursae Majoris (Megrez) 10o
   (Width of Big Dipper's "pointer stars".)

Height of Orion ........................................... 16o
Length of palm at arm's length ............................ 18o
Width of thumb to little finger at arm's length ........... 20o
Alpha Ursae Majoris (Dubhe) to Eta Ursae Majoris (Alkaid) . 25o
    (Length of Big Dipper.)

Alpha Ursae Majoris (Dubhe) to Alpha Ursae Minoris

    (Polaris) .............................................  27o
ESTIMATING MAGNITUDES

Big Dipper, from cup to handle

    Alpha (Dubhe)    1.9

    Beta (Merak)     2.4

    Gamma (Phecda)   2.5

    Delta (Megrez)   3.4

    Epsilon (Alioth) 1.7 (4.9)

    Zeta (Mizar)     2.4 (4.0)

    Eta (Alkaid)     1.9

Little Dipper, from cup to handle

    Beta (Kochab)   2.2

    Gamma (Pherkad) 3.1
    Eta             5.0

    Zeta            5.1 (4.3)

    Epsilon         4.4

    Delta           4.4

    Alpha (Polaris) 2.1

 

RANGE OF USEFUL MAGNIFICATION OF A TELESCOPE

D = diameter of aperture in mm

Minimum useful magnification.................... 0.13*D

   (0.2*D for better contrast)

Best visual acuity .............................. 0.25*D

Wide views...................................... 0.4*D

Lowest power to see all detail (resolution of eye 
    matches resolution of telescope) ............. 0.5*D

Planets, Messier objects, general viewing ....... 0.8*D

Normal high power, double stars................. 1.2*D to 1.6*D

Maximum useful magnification.................... 2.0*D

Close doubles................................... 2.35*D

Sometimes useful for double stars ............... 4.0*D

Limit imposed by atmospheric turbulence ......... 500

ANGULAR SIZE UNITS

1 degree = 60 arc minutes denoted 60' 

1 '          = 60 arc seconds denoted 60" 

1 Radian = 57.2957795 deg 

              = 3437.74677' 

              = 206264.806" 

Number of square degrees in a sphere = 41252.96124 

Ex Moon 

         1800" = 0.5 deg = 30' = 3500 km = 2170 miles
         180 " = 350 km
         1.8 " = 35 km = 2.1 miles

