SIERRA COLLEGE OBSERVATIONAL ASTRONOMY
LABORATORY EXERCISE

Lab N09: Telescope calculations and navigation
NAME

GROUP

OBJECTIVE:
 Review and summarize telescope parameters.
 Learn about fields of view.
 Understanding telescope navigation.
INTRODUCTION:
At this point, you have learned about the various key attributes of telescopes
and eyepieces. In this lab, we are going to review these so you can practice
your skills. It may be useful to review Labs N02, N04, and N07.
We have learned that three primary telescope parameters are objective
diameter (Do), objective focal length (Fo), and eyepiece focal length (Fe). Using
these, we can calculate the telescope’s F-ratio (Equation 1; written two ways),
magnification (Equation 2), and resolving power (Equation 3). The light
gathering powers of optical systems with different objective diameters can be
compared using Equation 4.
Equation 1

Equation 2

Equation 3

Equation 4

Telescopes that have a large F-ratio, such as 8 or larger, are said to have a slow
F-ratio, while fast F-ratio telescopes have an F-ratio of 6 or smaller.
Eyepieces of different optical designs have different attributes. One attribute is
called the apparent field of view (AF). Inexpensive eyepieces have small
apparent fields of view (30-45°), and using them is like looking through a narrow
cardboard tube. Very expensive eyepieces may have enormous apparent fields
(80-110°) but can be very heavy.
When using an eyepiece, the true field of view (TF) is a measure of how much
sky you can fit in your view. If the angular size of an astronomical object is larger
than your true field, it is usually best to switch to an eyepiece of lower power.
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The true field of view depends upon the apparent field of the eyepiece and the
eyepiece magnification (Equation 5).
Too much magnification results in a blurry image because you are pushing the
telescope beyond its optical limits. A rule of thumb is to not exceed the
maximum practical magnification (MPM) of a telescope objective (Equation 6),
where in this equation, Do is given in mm.
Equation 5

Equation 6

You should understand the parameters Fo, Do, F-ratio, Fe, AF, TF, and M. Study
the worked example in the box below.
Telescope parameters—a worked example
A 30 cm, F/8 telescope is being used with a 40 mm eyepiece, which has an
apparent field of 45. Calculate its various working parameters:
Do = 30 cm = 300 mm
Fo = (Do )(F-ratio) = 300 mm x 8 = 2400 mm
M = Fo / Fe = 2400 mm / 40 mm = 60 x
Res = 116” mm/ 300 mm = 0.39”
TF = AF / M = 45 /60 = 0.75
MPM= 2 x 300 =600 x

[See Equation 1]
[See Equation 2]
[See Equation 3]
[See Equation 5]
[See Equation 6]

An essential aspect of telescope management is the mount, which must be
sturdy and stable. The telescope’s star drive must also track the sky, which is
moving because of the Earth’s rotation.
The sky rotates by 360 every (approximately) 24 hours. That means the sky
rotates by
Rotation rate = 360/24 hr = 15/hr = 15/60 min = 1/4 min = 15 arcmin/min
To stay pointed at a star, the telescope must slowly track the sky by moving at
the very slow, but accurate rate of 15 arcmin every minute.
To calibrate the star drive, the telescope must be aligned, either by use of a
finderscope (a mini-telescope piggybacked on the telescope) or a Telrad (a
head-up display device). When a telescope is properly calibrated, it can be
commanded to point using GoTo software-hardware interface. Otherwise,
objects must be found by star-hopping, which can be tedious and timeconsuming.
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PROCEDURE I: Computing with telescope parameters
1. Table A provides data about a few telescope-eyepiece combinations. Complete
Table A using the equations given in the Lab Introduction. Use correct units for
all calculations, even if they are given in the Table header. For guidance, refer to
the worked example in the Introduction section.
Table A: Telescope and eyepiece calculations
Telescope
Do, F-ratio

20 cm f/4
20 cm f/10
20 cm f/10
35 cm f/10
35 cm f/10

Eyepiece
Fe

Do
(cm)

Do
(mm)

Fo
(mm)

M

6.4 mm
Plössl
6.4 mm
Plössl
40 mm
Plössl
31 mm
Kellner
31 mm
Nagler

AF
(°)

TF
(°)

52°
52°
44°
28°
82°

2. Of the first two configurations in Table A, which telescope produces a higher
magnification for the same eyepiece? Circle the correct scope, below.
20 cm f/4

20 cm f/10

Notice that the images from this more strongly magnified image is spread over a
larger area. To take a properly exposed image with this telescope you will need
to use a longer exposure. This is why the F-ratio of this optical system is
considered “slow.”
Eyepiece designs

Kellner eyepiece

Nagler eyepiece

3. Of the last two configurations in Table A, which eyepiece produces a larger True
Field on the same telescope? Circle the correct eyepiece, below.
31 mm Kellner

31 mm Nagler

A recent web search indicated that a 31 mm Nagler eyepiece costs
approximately $700, while a 31 mm Kellner costs approximately $14.
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PROCEDURE II: The rotating sky
4. Measure the amount the sky rotated, in degrees, during the time that each of the
photographs below were exposed. Record your results in Table B (next page).

Image A

Image B

Image C
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5. Using the rotation rate of 1°=4 min, calculate the exposure time for each image.
Use the discrepancy formula (Equation 7) to calculate your percent discrepancy
in exposure times, for Table B.
Table B: Sky rotations
Image

Rotation angle

Exposure time

Actual time

A

242 minutes

B

84 minutes

C

316 minutes

% Discrepancy

Equation 7: Discrepancy formula
% discrepancy = 100% x (actual value) – (computed value)
(actual value)
VOCABULARY:
Slow and Fast F-ratio
Apparent field of view
True field of view
Maximum practical magnification

Star drive
Telrad
GoTo navigation
Star-hopping

QUESTIONS/ANALYSIS:
1) Transfer the TF calculations from Table A to Table C, below. Convert the field of
views from degrees to arcminutes, and record those values.
Table C: Telescope and eyepiece calculations
Telescope
Do, F-ratio

20 cm f/4
20 cm f/10
20 cm f/10
35 cm f/10
35 cm f/10

Eyepiece
Fe

TF
(°)

TF
(arcmin)

Drift time
(min)

6.4 mm
Plössl
6.4 mm
Plössl
40 mm
Plössl
31 mm
Kellner
31 mm
Nagler

2) Since the sky rotates by 15 arcminutes per minute, how long would it take for a
star to drift an amount equal to each field of view given in Table C? Hint: refer to
the boxed calculation on the next page. Record your results in Table C. This
illustrates the importance of the star drive.
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Star drift—a worked example
The rate of star drift (Rstar) is 15’/min. The time (T) for a star to drift an
angular distance equal to an eyepiece’s true field (TF) would be given by
the Rate Equation:
T = TF/ Rstar
For a TF of 20’, T= 20’ / (15’ /min) = 1.3 min
3) From Table C, transfer the True Fields (in arcmin) for the 20 cm f/10 telescope
to the empty cells near the top right of Table D. These are results that are
accurate for our Lab equipment (both telescopes and lenses that we use in
class).
The sizes of various celestial objects are listed in Table D. Indicate (with an X)
those objects that would entirely fit into the field of the two eyepieces.
Table D: Celestial Object Angular Sizes
Fields of view (in ’)
6.4 mm
40 mm
Plössl
Plössl

Celestial Object
M-31 Andromeda Galaxy
M-45 Pleiades
M-44 Beehive Cluster
M-8 Lagoon Nebula
M-42 Orion Nebula
Small comet
M-41 Open Cluster/Canis Major
Sun
Moon
M-35 Open Cluster/Gemini
M-51 Whirlpool Galaxy
M-13 Hercules Cluster
M-27 Dumbbell Nebula
M-1 Crab Nebula
M-57 Ring Nebula
Saturn with rings
Jupiter
Venus
Mars

Size in ’ or ”
160’
120’
90’
85’
59’
49’
38’
32’
31’
28’
13’
12’
8’
6’
90”
42”
40”
20”
8”
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