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GS 104 Laboratory # 1
MODELS AND SYSTEMS
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1. What do you already know about the Earth's place in the solar system?

2 Why do we have seasons on Earth?

3. What causes the phases of the moon?

- INYOUR GROUP

1. As a group, compile a list of reasons for why there are seasons.

2. As a group, compile a list of reasons for why the moon has phases?




Part A - A Model of the Sun-Earth-Moon System - Phases of the Moon

the Sun-Earth-Moon system. Materials for your
model will be at the appropriate activity station. The purpose of this model is to investigate
the phases of the moon, which include full, new, first quarter, third-quarter, and last-
quarter. Refer to your textbook (Fig. 19.23, p. 539) to see how they appear in the sky.

You will construct a physical model of

Use a small sphere affixed to a stick to model the moon. Locate the ‘observer' cut out and

“use the ‘observer on a stick' to represent you standing on the earth's surface. This
observer represents how “we” here in Monmouth, Oregon would view the moon phases.
A lamp acts as the sun. qud the observer about half a meter (50 cm) from the 'sun’.

k_v,Figure 2 represents the view of the model as if you were far from the earth, but above the
~North Pole. Position the moon, the Earth and the Sun (lamp) at the locations indicated
‘pelow. On Figure 2, blacken in the shadowed part of the moon.
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Figure 2. A top view of the Sun-Earth-Moon model.

stick' located on the Earth will see. On

Your job is to deduce what the 'observer on a
'Earth observer' sees when

Figure 3, blacken in the shadow of the moon's face that the
looking into the sky.

The phase of the moon is
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Figure 3: The way a person on the Earth
would observe the moon.
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Figure 4 represents another top view of the model. Holding the moon at the new location
as indicated below, blacken in the shadowed part of the moon.
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Figure 4: A top view of the Sun-Earth-Moon model.

What does the 'observer on a stick' see now? To indicate this, blacken in the shadow of
the moon's face in Figure S.

; The phase of the moon is

R Full

Figure 5: The way a person on the Earth
would observe the moon.

You know what to do in Figure 6.
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Figure 6: A top view of the Sun-Earth-Moon model.




Again, blacken in the shadow of the moon's face in Figure 7 when it is in the above
position.

The phase of the moon is
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Figure 7: The way a person on the Earth
would observe the moon.

Once more blacken in the shadowed part of the moon when it is located as shown in

Figure 8.
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Figure 8: A top view of the Sun-Earth-Moon model.

When an observer looks into the sky, what will they see when the moon is located as it is
in Figure 8? Indicate what they see in Figure 9, below.

The phase of the moon is

'3\—0\ er+cr

Figure 9: The way a person on the Earth
would observe the moon.
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Mental Exercise: ‘

The above drawings (Figures 3, 5, 7, 9) represent the moon phase view as seen from an Earth
observer. Assume this observer was viewing the moon from the Northern Hemisphere,
located here in Monmouth, Oregon. Now do the same tasks for an observer viewing in the
Southern Hemisphere from a position “down under” in Australia. To model this new
position frame of reference, take your observer on a stick and “walk” them down to
Australia (Note the observer should now be “up-side-down.”). In the spaces provided below,
draw the four corresponding Moon views for this new frame of reference position.

The phase of the moon is

N ew
Figure 3A: How a person on the Earth in
Australia would observe the moon.
)//.,,. ._\\.
{ ; The phase of the moon is
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Flgure SA: How a person on the Earth in
Aaustralia would observe the moon.

The phase of the moon is

' Quacter

Figure 7A: How a person on the Earth in
Anustralia would observe the moon.

The phase of the moon is

grl Qu\ar““c(

Figure 9A: How a person on the Earth in
Anstralia would observe the moon.




‘Questions:
1.

Assuming the Earth-Moon-Sun position is the same, does the phase of the moon change:
when viewed from the Northern Hemisphere compared to the Southern Hemisphere? If
we in Monmouth, Oregon view a first quarter moon phase, what phase will people in
Australia view when they see the moon on the same evening?
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What is the time in days between two successive full moons (i.e., from one full
moon to the next full moon)?

29 ‘/ 2 Aay S

What is the orbital period of the moon around the earth (in days)?
!

2] / 3 J«y s
What is the time in days between a full moon and a new moon?

| 4 g/ % J&\/ Ay
What is the orbital period of the moon around the sun (in days)?

36S days

Y

If the full moon is in the west, what time of day must it be? Note, the moon’s path

approximately follows by 12 hours, the Sun’s path (called the ecliptic) as viewed by an
observer on Earth. The time of day will be cacly mocs ‘:‘j ,akont 6 anm
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. 7.‘Draw in and label the locations of the full moon and the new moon in Figure 10. Fill in

| the shadowed part of the moon in-each case. Indicate which locations (beside one curved
arrow) the moon is waning — where it is getting closer to a new moon. Indicate which
locations (beside the other curved arrow) the moon is waxing -- where it is building up
to a full moon.
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Figure 10 Lo04"0)

- 8. Write a brief explanation as to why we see the phases of the moon.
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9. The color of material (rock and dust) that covers the moon is primarily light colored. What if
the moon’s material was colored all black... Would we see moon phases? Explain.
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10 Meﬁr&?Exg:\i?ebﬁkss'sume you are “camped” on the moon closest to Earth for a one-month
stay. Will you be able to see the Earth? What will it look like during your stay? Will there

be Earth Phases? (use a separate sheet of paper to answer this question)

See o NS




) Part B — The Seasons

The Baroque composer Antonio Vivaldi wrote a pervasively familiar set of concertos
called "The Seasons". Each of the set of four is devoted to one of the four seasons —
spring, summer, and autumn, winter. Concerto No. I mimics songs of birds, spring
thunderstorms, and a spring zephyr. In the summer concerto, Vivaldi uses changes of
meter (first 3/8 and later 4/4 time) to describe the exhaustion caused by the summer heat.
Autumn, the season of harvest, Vivaldi uses the motifs of a tribute to Bacchus -- God of
Wine — via a feverish dance and The Hunt using the horns to herald the event. In
Concerto No. 4, the frigid winds blow in an almost melody-less illustration.

The Venetians of Vivaldi's time all understood the effects and moods of the seasons,
but how did they come about? In this activity, we look closely at an explanation.

First, we must dispel an old misconception. Figure 11 shows a sketch of the earth's
orbit from a top view far above the sun. The orbit of the earth is slightly elliptical as
shown below -- it is not a perfect circle, it’s a 'squashed circle'. However, the 'squashed-
ness' of the orbit -- its eccentricity -- is greatly exaggerated in Figure 11. The common
misconception is that when the earth is at point A, it is closer to the sun, and
therefore it is summer on earth. If you have ever gone in the wintertime to South
America or Australia, you would discover it is summer there! The misconception would
have it summer in both the northern and southern hemispheres.

Eatth’s Otbit

Figure 11

The common misconception fails on another point. The eccentricity of perfectly
circular orbit is zero, whereas a 'flattened circle' has an eccentricity of one. The
eccentricity of the earth's orbit is 0.0167, which is much closer to zero than to one. In
conclusion, the orbit of our planet is so close to a perfect circle, that you probably cannot

~draw a circle on paper more circular than the earth's orbit -- not even with a compass!

You will construct a physical model of the Sun-Earth system. This model will not be
to scale. The purpose of this model is to investigate the correct reasons for earth's daily
and seasonal cycles.




1-10

Activity 1:  The drawing below shows the Earth with incoming solar radiation.
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Figure 12: Schematic representation of Earth-Sun system emphasizing input of solar radiation.

Many people have the conception that the Polar Regions are cooler than the equator because they

are further away and therefore the Sun’s energy is “weaker” when it strikes the Polar Regions.
Let’s explore this reasoning.

1. The sun is 93,000,000 miles away from the equator. The radius of the Earth is a little less
than 3500 miles. How much further (in percent) does the energy of the Sun have to travel
before reaching the polar region? Show your calculations.

3 SOO M(\Cs

, - X /000/0 = O.063% %
q3,000)ooo miled
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2. Do you think that this added distance (3500 miles) can account for the difference in
temperature between the poles and equator? Explain your answer.

N") Ehe extr distance is such a small
Percen k'osse— O’{ the é@-‘w\ San - Eaf‘“'w 0[(5+ang¢ @Wt’ l%
hu V'f"h/\-f»\\\[ ho 6‘@((,4‘ O ‘@o\,__ |l61\+ l‘nf{.ﬂs !67 rcadﬂ’\Vj

oles .
3. Briefly speculatg on why the Earth heats up more rapidly at the equator (middle shaded band
of radiation) than to the north or south (side shaded bands).
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- Now let’s test your idea. Use a piece of graph paper to measure the area of light striking the

Globe at the equator and at the polar region when a flashlight is positioned 18 inches away from

. the equator. Are the two areas equal?
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4. Now suggest a reason why the poles may be cooler than the equator regions.
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 Activity2:  Usea 'sphere on a stick' as the earth and the lamp as the sun to 'build’ a sun-earth
‘ system model. It should look something like Figure 13 on the following page.

‘Successively place the 'earth' at locations A, B, C, and D (remember to maintain the tilt of
‘the Earth’s axis in the same position). Deduce what season it must be in the northem
_hemisphere. Note that the tilt of the axis of the earth should not change. The axis will

. always lie along the same line as indicated. (This is a result of conservation of angular

momentum -- it is the same reason why the axis of a gyroscope will always tend to point
- along the same line.)
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Figure 13: A perspective view of the sun-earth system. Sol is the official name of our star
according to the ASA star registry.

- Questions:

| 1, Comrlete the table usinﬁ irour observations;

Location of Earth Season in the Southern Season in the Northern
in Figure 13 Hemisphere Hemisphere
- Agt .5“”"”""( : - Q‘\”R‘
P L W e . Sammomer
;. ;EI.\A% . r:;\\
. —)

i 2. During which season does more direct or concentrated sunlight (and therefore more

infrared radiation) hit the surface of the earth at the following locations?

"~ Monmouth, Oregon ' The Equator
Fall et SP(W& [({;‘{‘kc E?"“N-’m)

i
A
3
i

3. Why do the northern and southern hemispheres have opposite seasons?
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i 1. Complete the table using your observations:

guw

The Equator

Location of Earth Season in the Southern Season in the Northern
in Figure 13 Hemisphere Hemisphere |
A Searmec Weoateo
B L Ui der S omer
C Faoll So r(%‘ )
D Spciag, Fal\
- .

2. During which season does more direct or concentrated sunlight (and therefore more
infrared radiation) hit the surface of the earth at the following locations?
- Monmouth, Oregon

Fall 3 Spars, (abbhe Equinoxss)

3., Why do the northern and southern hemispheres have opposite seasons?

L)kcn the MNorthern L\cmu‘pL\C(c s fi“co‘ Uoay Lo
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Activity 3:  Examine the two models provided, Model A and Model B. Complete the table by
: answer the questions for each model.
MODEL A MODEL B
The relotive posmtions T/’\c Staws Hotorc
ok b Sun )Ear{'\\) Visilole €ro e diferovt
: :demonstrate? P\omc‘\"‘ and the pad-‘k & the
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Ouctershel! posihvns of
‘Si"o..rs
| What does each part of Sec oloove laner shell: £, b,
-the model represent?
g LDONH 0n Wire ' Voorm
—\—hc v*c\ad:ivt, o‘.’5+o\.qc¢3 R‘v\‘d‘fw olléﬁkr\cc.: Qa
‘ O\Y\d Sizes O‘g—{'\'\(, PO3A Slzes of 6\4_ Eerth o~d
: What is distorted or and P et S afe (,\3(—0,5’ Moon o nco r(‘cul’_
“misrepresented” in The MOoA'S Plamc ot
this model? ocb it 5 rond the
( Ew% SL\OW\(J, ,é)e jAo‘tmq] .
to B FartWs plane of
Ocvor Y acound Stun
This rmodd makes Some
in allunre Pr’cd. ch5_
| What are the ED’ quahp\‘ ) ‘%'P“d'c{s See ebove
| limitations for this e di:;:r end ‘*Y‘»;L
T ' NSV, ¥e ~ .
model? v
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. POST-LAB ASSESSMENTS

- 1. ‘Make a list of all of the models you worked with today.

2. How do each of the models compare to the real thing?

3. How did these models help you investigate the earth-moon system and the earth-
sun system?

4, What are the limitations of each of the models you studied?




