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Measuring Space

Part 2

e Measurement of Size, Arc, Degrees,
minutes, seconds

e Sijze of visible objects in your telescope

e FOV efc
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Measuring size

When we describe the size of an astronomical body or the
distance between two distant bodies on the celestial
sphere, normal distance measures such as metres or
kilometres do not work well.

Alternatively we can express these sizes and distances in
terms of angles.

This is known as the angular diameter or apparent size of
an object as seen from a given position, typically for us ‘from
earth’.
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Angular Diameter Vs Actual Diameter

Actual diameter

Angular diameter

(32 arc minutes or
T 1820 arc seconds or

0.5 degrees
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Some Basics
e These celestial angles are measured in degrees.
e A complete circle is made up of 360 degrees.

e Degrees can then be further divided into minutes, and
minutes into seconds.

e There are 60 minutes in a degree, and
60 seconds in a minute.

Sometimes this can be confusing as degrees can be expressed in
decimal form or degrees, minutes and seconds. For example, 5
degrees 20 minutes is the same as 5.33333 degrees.
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To Summarise ‘arc arc arc’
Degrees, are subdivided as follows:
e 360 degrees (°) in a full circle
e 60 arc-minutes (’) in one degree

e 60 arc-seconds (”) in one arc-minute
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For the Techo’s

The angular diameter of an object or angular distance between
objects can be calculated using the formula:

§ = 2arctan (5 df D) |

in which
0 is the angular diameter/distance, and
d and D are the visual diameter of and
the distance to the object, expressed in the same units.

When D is much larger than d, & may be approximated by the
formula d = d / D, in which the result is in
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While angular sizes measured in degrees are useful for larger
patches of sky (in the constellation of Orion, for example, the
three stars of the belt cover about 3 degrees of angular size),
we need much finer units when talking about the angular size
of galaxies, nebulae or other objects of the night sky.

To put this in perspective;

+ The full moon viewed from earth is about 2 degree, or
30 arc minutes (or 1800 arc-seconds).

¢ The moon's motion across the sky can be measured in
angular size: approximately 15 degrees every hour, or
15 arc-seconds per second.

¢ A one-mile-long line painted on the face of the moon
would appear to us to be about one arc-second in length.
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This table shows the angular sizes of noteworthy celestial bodies
as seen from the Earth:

Sun

Moon
Venus
Jupiter
Saturn
Mars
Mercury
Uranus
Neptune
Ceres

Pluto
Betelgeuse
Eris

Alpha Centauri A
Sirius

31.6" — 32.7'
29.3" - 34.1'
10” - 66"
30" - 49”
Wt 20//
O N
PSR s
A X

Q1

0.8”

0.1”

0.049” - 0.060"
0.040"
0.007"
0.007"
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Measuring angular distance between objects

When you look into the night sky, objects appear across the entire
sky.

To assist with observing it is useful to understand the angular
distance between objects.

It is easy to estimate the angular distance between an object just
rising due East and another just setting directly West because we
know objects at opposite parts of the sky are 180 degrees apart.

When objects are not near known positions in the sky, estimating
the angular distance between them is not as easy.

Knowing the angular separation of a few common objects in the
sky can help you get a feel for estimating angles.
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A Quick Recap

Magnification and Focal Ratios

Focal Ratio:
The focal ratio of a telescope is calculated by dividing the telescope
focal length (F) by the aperture (D), i.e.
f=F/D
e.g. given our mead SN10 has a focal length of 1250mm and an

primary mirror aperture of 250 mm,
then f = 1000/250 = f4

Magnification:
The magnification (M) of a telescope setup is calculated by dividing
the telescope focal length (F) by the eyepiece focal length (e), i.e.
\ = F/ e
e.g. given our mead SN10 is using a 10mm eye piece and has a
focal length of 1000mm,
then M = 1000 / 10 = 100 x Magnification
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Telescope Field of View
How is the telescope field of view calculated?
Some more information is required.

Eyepieces are not created equal. They are branded or given
names such as Kellner, Nagler, Plossl or more generic names such
as Super Wide Angle.

There are three basic facts to know about any eyepiece:

o the eyepiece focal length (e),

e the diameter of the barrel (to fit your focuser), and

o the eyepiece field of view a.k.a. the effective field of view.

The first to parameters are commonly understood but the eyepiece
field of view is less known.
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Telescope Field of View

The eyepiece field of view is the theoretical field of view in degrees
the eyepiece would provide at a magnification of one.

Alternatively, the eyepiece field of view can be thought of as the
magnification required to give a telescope field of view of one
degree (about twice the angular diameter of the full Moon).

This eyepiece field of view varies with the type of eyepiece.

When all parameters are known, Then telescope field of view can
be calculated as ;

Telescope field of view = Eyepiece field of view / Magnification
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Telescope Field of View

You can use the following as a general guideline for eyepiece field
of view with a 25mm eyepiece.

For a Kellner (basic) eyepieces
Eyepiece field of view 40°

For a Plossl eyepiece
Eyepiece field of view = 52°

e.g. given our mead SN10 using a 25mm eye piece and a focal
length of 1000mm, then
M = 1000 / 25 = 40x Magnification
then
Telescope field of view = Eyepiece field of view / Magnification
FOV(t) = FOV(e) / 40 therefore
52 /40 = 1.3 degrees or 78 arc seconds




Measuring Space

Calculating FOV for your telescope and CCD camera.

Now that you are wanting to image objects in the night sky you’ll
need to assess whether your target can be captured in a single
image.

Using handy software like CCD calc (free from the web) you can
assess the practical use of your camera.

Demo CCD FOV considerations for angular size

In addition, if are considering buying a CCD camera for your
telescope understanding FOV can help your decision process. There
is no point in buying a camera that provides a very small FOV
result with your telescope if you want to image large objects.
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Some Examples — lets go the the Sky

Moon

M45 Pleiades’

M42 Orion Nebula

M31 Andromeda Galaxy
Jewelbox

CRUX
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Next month we’ll cover

e something else




