SIERRA COLLEGE OBSERVATIONAL ASTRONOMY
LABORATORY EXERCISE
Lab N05: The Moon
NAME

GROUP

OBJECTIVE:
 To learn about the origin of the Moon’s phases.
 Identify some major lunar features.
 Use photographic measurements to calculate the sizes of lunar features.
INTRODUCTION:
The Moon is our only large natural satellite. It has had periods of astonishing
activity—vast amounts of lava pooled on its surface in the past, to make dark
regions known as maria. Meanwhile, over billions of years asteroidal impacts
created craters. The most dramatic impacts sprayed huge volumes of material
across the lunar surface, still visible as bright rays.
As the Moon orbits the Earth, the different amount of illumination we see from
the Earth gives rise to the familiar lunar phases: new moon, first quarter, full,
and third quarter. The boundary line between the lit and unlit side of the Moon is
called the terminator.
If the disk of the Moon is less than 50% illuminated from our viewing point on the
Earth, it is called a crescent moon; if it is more than 50% illuminated (but not
completely full) it is called a gibbous moon. During the first half of the lunar
cycle, the Moon is waxing; during the second half of the lunar cycle, the Moon is
waning.
We will be studying a variety of images in this lab. We will be using the concept
of a map scale. On most maps you can find a map scale printed on it, which
shows how large a km looks, or even a conversion scale (e.g., “1cm = 3 km”).
Map scales have the units of “km/cm,” or something similar.
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If you know the actual distance (D) between two places, and if you can identify
them on a map and measure the map distance between the points (d, in cm or
mm), you can calculate the map scale using Equation 1.
Equation 1: Map scale

Map scale = D / d
Note: The units of map scale are set by
the units you use for D and d
Once you have calculated the map scale, you can calculate the sizes or length
of objects portrayed on maps, simply by measuring their length (L) on the map
and using Equation 2:
Equation 2: Length calculations

Size or distance = Map scale x L
Keep track of your units to make sure they cancel properly.
Finally, we will explore errors. In science, an error does not necessarily mean a
mistake—it is really a way to specify how confident the scientist (and you)
should be of their results.
If you measure the value of a quantity, but have an accurate reference value for
the quantity, you can calculate how far you were from the reference value, using
the discrepancy formula, Equation 3:
Equation 3: Discrepancy formula
% discrepancy = 100% x (reference value) – (measured value)
(reference value)
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PROCEDURE I: The lunar cycle
1. Figure 1 shows the orbit of the Moon around the Earth (the Moon and Earth are
exaggerated in size). Complete Table A by recording the lunar phase, and
sketch the Moon as viewed from Earth for each lunar location.
Figure 1

Table A: Lunar phases and sketches

A

E

Phase:

Phase:

B

F

Phase:

Phase:

C

G

Phase:

Phase:

D

H

Phase:

Phase:

Lab N05-3

PROCEDURE II: Measuring lunar features
2. Examine the large Moon map at the front of the class, and locate the craters
Copernicus. Have your team measure the diameter (in mm) of this crater three
times—perhaps each person on your team could measure the crater once.
Compute the average of these three values. Record your measurements and
calculations in Table B. Repeat this for the crater Plato.
Table B: Crater measurements
Crater

Map size measurements

Average map size

Copernicus
Plato

3. Refer to Figure 1 in this lab. To interpret this image, you must calculate its
image scale. The center of the Moon is indicated by the three concentric rings at
the lower right portion of the image. Measure the distance in millimeters from
that center to any point on the curving edge of the Moon (i.e., the Moon’s
radius). Record this in Table C. Calculate the image scale, in km/mm; record this
in Table C.
Table C: Lunar map scale
Map radius

Radius of Moon

Image scale

1738 km
4. We will now investigate various lunar features in Figure 1. Using either the Moon
Map in front of class, or a Moon App, identify the large craters A, B, and C.
Record their names in Table D.
5. Measure the map size (diameter) of each crater in mm (if they appear elliptical
because of foreshortening, measure the long diameter). Use the image scale to
calculate the true size of each crater in km. Record your values in Table D.
Using the objects’ reference sizes, calculate your % discrepancies in Table D.
Table D: Lunar features
Feature
name
A
B
C

Map
size

True
size

Reference
size

Percent
discrepancy

100. km
83.4 km
58.3 km
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PROCEDURE III: The mountain Piton
6. The eastern edge of Mare Imbrium has an interesting, isolated lunar mountain
called Mount Piton. Identify it on Figure 1. Notice its long shadow being cast to
the right. (Note: a magnified close view of Mount Piton is shown on the map for
your reference. However, do not measure the features in the close view figure.)
Measure the length of the shadow of Mount Piton (Ls), from the center of Mount
Piton to the right-most tip of the shadow. Using the image scale, convert L s into
true km. Record this in Table E.
Table E: Mount Piton measurements
Ls
(mm)

Ls
(km)

T
(mm)

T
(km)

7. The terminator of the Moon on your photograph is conveniently marked by the
right edge of the image. Measure the distance from the peak of Piton to the
terminator, and record this as T in Table E. Use the image scale to convert it
into true km.
8. With a bit of geometry, it can be shown that the height of a mountain (H), the
mountain’s shadow length (Ls), the distance from the mountaintop to the
terminator (T), and the radius of the Moon (RM =1738 km) are related by
Equation 4:
Equation 4

Use this equation to calculate the height of Mount Piton, and then use the
reference value to calculate your percent discrepancy (Table F).
Table F: Mount Piton analysis
Height
(Calculated)

Height
(Reference)

Percent
discrepancy

2.3 km
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Figure 1: Lunar features
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VOCABULARY:
Maria
Craters
Rays
Lunar phases
New moon
First quarter moon
Full moon
Third quarter moon

Terminator
Crescent moon
Gibbous moon
Waxing
Waning
Map Scale
Discrepancy formula

QUESTIONS/ANALYSIS:
1. The map scale of the large Moon map is 2.5 km/mm. Use this information, and
your measurements from Table B, to complete Table G. Once you calculate the
sizes of the craters, compute your % error, using the discrepancy formula, and
the reference values given in Table G. Supply correct units for all entries.

Crater

Table G: Moon Map Scales II
Average map size
Calculated
Reference
from Table C
size
size

Copernicus

93 km

Plato

101 km

%
Discrepancy

2. Using the Moon map, what is the lunar latitude and longitude of Mount Piton?

Latitude: ______________________

Longitude: ______________________

3. What is the phase of the Moon in the image from Procedure III?

4. In the image that you analyzed in Procedure steps III-IV, is Mount Piton just
about to experience sunset, or did it just recently experience sunrise?

5. Bonus Question: If you think you are pretty good with math, derive Equation 4.
Hint: Equation 4 is only valid when T is much smaller than R M
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