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Astronomy 116 Course Guidelines

Purpose:

This laboratory manual is for use in Astronomy 116, the laboratory course designed to
complement the lecture course “Introduction to Astronomy” (Astronomy 115). There may or
may not be any correlation between the order of topics in the laboratory and the sequence in
the lecture. The laboratory course emphasizes observation, and several of the lab sessions
take place in the Charles F. Hagar Planetarium. Outdoor observations are also part of the
course, including the use of telescopes in the SFSU Observatory on the roof of Thornton Hall.

Course Objectives

=

To better appreciate the universe and our place in it.

To understand the concepts taught in Astronomy 115 through hands-on exercises.

3. To learn how to make and interpret observations of the night sky, and to understand the
motions of celestial bodies.

4. To learn how to think critically.

Mo

Materials that must be brought to every class:

1. This lab notebook and “The Night Sky” Star Wheel
(Purchase from the Physics and Astronomy Club)
2. A pencil and eraser.

Materials that will be useful to have for some of the lab sessions:

3. Acalculator. Most of the calculations required in this course can be done by hand, but
you will find it useful to bring along a calculator that can do arithmetic operations
including square roots, especially for labs 2, 4, 5, and 7.

4. Warm clothes. Occasionally a lab session will involve going outside or up onto the roof to
the SFSU Observatory. Also, some evening observing will be required (even for day
labs), and it can get windy and cold!



LAB 1:  Exploring the Night Sky

Other group members:

Objectives:

* Learn to identify stars and constellations using a Star Wheel
* Measure angles using parts of the hand, and apply this to sketching constellations

NOTES



PART 1
LOCATING AND IDENTIFYING STARS AND CONSTELLATIONS, USING A STAR WHEEL

Procedure:

The instructor will use the planetarium projector to display the night sky as it will
appear tonight (including the Moon and any planets) just after twilight, with
lighting conditions typical of a sidewalk in San Francisco.

As your eyes adjust to the partial darkness, you will see more and more stars. Look all around the
dome, including near the horizon (the bottom edge of the planetarium dome), and also up near the
zenith (the highest point of the dome). Note that if you are outside, the zenith is the point directly
over your head, while the horizon is the horizontal line where the sky meets the ocean or distant,
level ground. In most places in the city the horizon itself will be blocked from view by hills or
buildings, but can be estimated by holding out your arm horizontally. Notice that not all stars are
the same brightness. Some also have distinctive colors.

Don’t use your Star Wheels for this part of the exercise.

Select six stars (or other star-like objects) at different locations around the planetarium dome, and,
using your red flashlight, fill out Table 1.

Column 1: Number the stars 1 through 6.

Column 2: Note the direction markers (N, E, S, and W on the dome “horizon.” ldentify each star’s
location by drawing an imaginary vertical line from the star down to the horizon, and
then using one of the following designations: North (N), Northeast (NE), East (E),
Southeast (SE), South (S), Southwest (SW), etc.

Column 3: Estimate and record the altitude of the star in degrees above the horizon (zenith=
90°, 1/2 way to zenith =45°,1/3 = 30°, etc.)

Column 4: Record the brightness of the star relative to others that are visible (e.g. “faint” or “very
bright” or “average brightness”).

Column 5: Note down anything special about the way the object appears that might help you find
it again (e.g. "reddish" or “fuzzy” or “close to a bright star”)

Star # compass direction altitude brightness comments

o O A~ W N




Procedure:
For this part of the exercise, use your Star Wheel.

To identify stars using the Star Wheel, line up today’s date with the time supplied by your instructor.
Orient the Star Wheel so that the compass direction you are facing is at the bottom, and then
place it over your head (the instructor will demonstrate).

Use both the compass direction and the position of the star relative to the horizon and/or zenith to
help you match up stars in the planetarium with stars on your Star Wheel. Use patterns of stars
(e.g. constellations) near the star of interest to help you. For stars toward the south (especially
those near the horizon), turn the Star Wheel over and use the chart on the back.

If you are having trouble identifying an object, keep in mind that some of the things in the night sky
are planets, which to the naked eye are nearly indistinguishable from stars! Often they are some of
the brightest “stars” in the sky. If you think you’ve identified a planet (because the object is not on
the Star Wheel) check with your instructor.

For each object, record the following in Table 2:

Column 1: Number 1 through 6 (in same order as the Table 1).

Column 2: Name the constellation of which the star appears to be a member.

Column 3: List the name of the star, as identified on the Star Wheel. If a star you identified
doesn’t have a name on the Star Wheel, identify it as unnamed, and record the
name of a nearby named star (e.g. “unnamed star near Deneb”).

Column 4: Notice that your Star Wheel has different sized dots to represent the stars. The
biggest dots represent magnitude 1 stars and the smallest (usually in between
constellations) represent magnitude 5 stars. Estimate the magnitude of each of
your identified stars.

Column 5: Write comments about the object (e.g. “planet, not star!” or “galaxy”, "looks

orange", etc.).

Star # constellation star name brightness comments
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Questions on Exercise 1.:

Q1: Were all of the objects you identified stars?

If not, what were the non-stellar objects in your list?

Q2:

Which of the objects you identified was closest to the horizon?

Q3: Which of the objects you identified was closest to the zenith?

Q4: What is the approximate brightness of the faintest star you identified? (Look at the size of

the dots on the Star Wheel. Vega is magnitude 0, Altair is magnitude 1, and Deneb and
the stars in the arm of the Big Dipper are magnitude 2.

With student input based on the results of Exercise 1, the instructor will review

the main constellations, stars, planets, and non-stellar objects visible in
tonight’s sky.



PART 2
ANGULAR MEASUREMENTS USING PARTS OF THE HAND

Procedure:

When observing the night sky, it's important to be able to specify the separation between various
pairs of stars. This is needed for example when comparing what you see to what is shown on a
Star Wheel or other chart of the heavens, to figure out what you are looking at, or to figure out
where to look for a particular object of interest. Such measurements are made using angles,
where the angle in this case is the angle between two imaginary lines leading from your eye to
each of the stars, as shown in the figure below.

Numerous devices have been invented over the centuries to measure such angles. We're
going to use one of the simplest such devices: your own hand!

The instructor will project a meridian line onto tonight’s night sky. This line (really
1/2 of a circle) runs from north to south and passes through the zenith. The
markings along the meridian line are in degrees, and can be used to “calibrate”
angular measurements made with one’s hand. Depending on where you are seated
in the planetarium, the calibration may vary somewhat.

Use the degree markings along the meridian to determine the approximate number of degrees
spanned by the following parts of your hand, held at arm’s length. Close one eye when you make
these estimates. In each case, make a small sketch of your hand, and the part you are using to
measure the angle.

TABLE 3| Hand angular measures

Warning: these values are for use in planetarium only!

One finger tip Three fingers Width of palm, including thumb




In the space below, sketch a constellation of your choice that contains at least 5 stars. Use your
hand to estimate the separation in degrees between each pair of stars, and label the separations on
your sketch. Try to make the sketch to scale (1 degree is the same everywhere on the sketch).

Name of constellation you picked:

As remarked above, the calibration of your hand for angular measurements will depend somewhat on
where in the dome you were seated relative to the meridian. Outdoors, this won’t be a problem (the
measurements you get won’t depend on where exactly you stand), because the stars are exceedingly far
away (unlike the planetarium dome). For most people, the width of one finger held at arm’s length
subtends about 1 degree. Three fingers will span about 5 degrees. Your whole palm (including thumb)
held at arm’s length spans approximately 10 degrees.

TABLE 4 | Hand angular measures outdoors

Note: for use outside only

One finger tip Three fingers Width of palm, including thumb
1 degree 5 degrees 10 degrees



Summary of Terms:
(See also Appendix C for the complete Glossary of Terms.)

Altitude - The angular distance of a celestial body above the horizon, measured in degrees. An object that is
straight overhead (at the zenith) has an altitude of 90°. An object that is 1/2 way between the horizon and the
zenith has an altitude of 45°.

Asterism - A distinctive pattern of stars not identified as a constellation. Examples: the Summer Triangle
(made up of three different constellations), the Pleiades (a star cluster within the constellation Taurus).

Azimuth - The angular distance of the celestial body around from north towards the east, measured in degrees.
An object that is due north has an azimuth of 0°. An object that is due east has an azimuth of 90°.

Cardinal Points -- The directions, on the horizon, 'north’, 'south’, 'east' and 'west'.

Constellation - 1. A group of stars, sometimes making a distinctive pattern, usually named after an object,
animal, or mythical person. 2. One of 88 officially recognized regions, which cover the entire sky. Referringto an
object as being “in” a given constellation means that its direction puts it within the boundaries of that region.
The object may be at any distance (e.g. much nearer or much farther away than the bright stars that make up the
constellation).

Degree - A unit of angular measure. There are 360 degrees in a circle.

Horizon - Alarge circle around the observer 90 degrees below the zenith, which can sometimes be seen where
flat land or ocean meets the sky in the distance. In the city, hills or buildings often block the horizon, but it can
be estimated by holding out your arm horizontally.

Meridian - Animaginary line in the sky, it is the half-circle that runs from the horizon in the south up through
the zenith and back down to the horizon in the north. In the planetarium, a meridian line with a scale in degrees
can be projected on the dome. When a star is on the meridian, it will be due south, and will be at its highest
altitude (the highest point it reaches in the sky, which is usually NOT the zenith).

Zenith - The point directly above an observer’s head (i.e. 90 degrees above the horizon). In the planetarium,
the zenith is the highest point on the dome.






LAB 2: Motions of the Night Sky

Other group members:

Objectives:

Observe and characterize the nightly paths of stars across the sky

Identify the physical cause of the apparent motions of the stars on a short time scale
Learn how you can use stars to locate yourself on Earth

Gain practice using a Star Wheel

% % % ¢

NOTES



PART 1: MODELING THE CAUSE OF THE APPARENT MOTIONS OF THE STARS

The lab instructor will provide a brief introduction to the concept of the celestial
sphere, and identify the North Celestial Pole (NCP), South Celestial Pole (SCP) and
Celestial Equator. Each group of students will have the following materials to work
with: a globe of the Earth, a round disk representing the horizon with compass
positions marked, and maps of constellations.

(i) Observing Orion from San Francisco
Procedure:

(a) Find San Francisco on the globe of the Earth. Look for the latitude and longitude markings on
your globe. (See definitions of latitude and longitude at end of lab.)

Q1: Whatis the latitude of San Francisco?

Q2: What is the longitude of San Francisco?

(b) Attach the horizon to the globe at the location of San Francisco. Orient it so that South, North,
East and West as marked on the horizon face the proper directions, as defined by directions on the
Earth.

(c) Orient the globe so that the horizon is on the opposite side from where Orion is located.

Q3: Using this model, imagine yourself to be shrunk down and standing in San Francisco in the

middle of the horizon in the model, looking out at the night sky. With the globe oriented as it is,
would Orion be visible? (i.e. would it be above your horizon?)

(d) Slowly rotate the globe of Earth counterclockwise (as viewed looking down from the North Pole).
As it rotates, keep asking yourself if Orion is yet visible. Stop the globe when Orion first becomes
visible from San Francisco (first rises above the horizon).

Q4: Which direction would you need to look to see Orion rising? (Sight along the horizon, from the
center of the horizon out to Orion.)

(e) Continue rotating the Earth counterclockwise, until Orion is just about to go below the horizon.
Q5: Which direction would you need to look to see Orion setting? (Again, sight along the horizon,
from the center out to Orion.)

(f) Turn the Earth back to the midpoint between the position where Orion rose and where it set.
This will correspond to the position where Orion will be at its highest above the horizon.

Q6: Which direction would you need to look to see Orion now?

IMPORTANT: When a star is seen directly to the south (“due south”), it is said to be “on the

meridian.” A star will reach its highest altitude when it is on the meridian. Almost no stars ever
reach the zenith and some stars’ highest altitude is very low in the sky.



(ii) Observing Polaris and Ursa Minor from San Francisco and elsewhere
Procedure:
(a) With the model horizon still attached at the position of San Francisco, consider now the view you would
have of the constellation Ursa Minor, in which the star Polaris (the “North Star”) is located. Spin the Earth
counterclockwise a few times and answer the following questions.
Q7: Is Polaris ever below the horizon?
Q8: Is any piece of the constellation Ursa Minor (the Little Dipper) ever below the horizon?
Q9: Is Ursa Minor a circumpolar constellation, as viewed from San Francisco?
(b) Detach the horizon from the globe, and try placing it at other locations around the globe. Consider
what happens as you spin the globe with the horizon attached at other locations, and then answer these

questions:

Q10: Isthere any place on Earth from which Polaris would be seen at the zenith (i.e. straight overhead)?
If so, which place? Is there more than one such place?

Q11: Isthere any place on Earth from which Polaris can never be seen? If so, which place?
Is there more than one such place? (If so, name at least three places and explain what they have in
common that makes it impossible to see Polaris from them.)

PART 2: USING THE STAR WHEEL

In this course you will find that your star wheel is your most useful tool. It may only look like three pieces of
cardboard stuck together, but your star wheel can actually tell you almost everything about the night sky.
This portion of the lab will show you the five main functions of the star wheel

Q1: First take note that your star wheel only works for a certain area on the earth. What area does this

wheel work in?

1. All about the object you are looking at: Without even turning the dial or looking at the
numbers, your star wheel can tell you a lot about the night sky.

Q2: Constellation names appear in letters



Q3: Asterism names appear in

Q4: Star names appear in letters
Q5: Stars in constellations are connected by lines
Q6: Stars in asterisms are connected by lines

Q7: On the back of your star wheel there is a key for the four other types of objects you can see in the sky.
Sketch the appropriate symbol next to the name below:

Globular Star Cluster Nebula

Open Star Cluster Galaxy

2. Compass Direction: There are north, south, east, and west indicators along the horizon of your
star wheel. Use the front of your star wheel to face north, northeast, or northwest. Use the back of
your star wheel to face south, southwest, or southeast.

3. Day/Time: A great feature of your star wheel is the ability to easily set the day and time and see
what objects you can see. You will notice that your star wheel shows everyday of the year. It shows

6pm to 6am. To set the day and time turn the white wheel until the date you are looking for lines up
with the correct time.

Q8: Set your star wheel for October 20th at 10pm. What are some constellations in the east?

Q9: Set your star wheel for April 15t at 3am. What are some constellations in the south?

Q10: Set your star wheel for tonight at 1am. What are some constellations in the west?

4. Rise/Transit/Set times: Your star wheel can tell you the rise, set, and transit times of any
star/constellation for any day. As we know stars rise in the east and set in the west. To determine
when a star is rising put it on the eastern horizon and find the appropriate day/time. To determine
when a star is setting put it on the western horizon and find the appropriate day/time. To determine
when a star is crossing the meridian (transiting) set the star on an imaginary line connecting the two
metal rings on your star wheel (some people tie a string through these rings to assist with this).

Q11: If Gemini is setting at 3am what day is it?

Q12: If Vega is rising on May 15t what time is it?

Q13: If Antilia is on the meridian on March 10th what time is it?



5. RA/DEC: Just like we use the latitude and longitude coordinate system to describe locations on
Earth, a similar system exists for describing fixed locations in the sky. The two coordinates are called
Right Ascension (abbreviated RA) and Declination (abbreviated Dec).

To determine the RA of an object, first locate the solid line labeled “Equator” on your star wheel. It's a
curved line running below the upper edge of the window on your star wheel. This is the celestial equator, a
projection of Earth’s equator out onto the sky. Notice the tick marks with numbers labeled 6h, 7h, 8h, 9h,
etc. These are markers of right ascension; RA is measured in hours and minutes (hence the “h” after the
numbers). For example, if a star is located halfway between the 11h and 12h markers, its RA would be
11h30m, since there are 30 minutes in an hour.

To determine the declination of an object, first locate one of the lines starting from the central rivet and
pointing to the edge of the star wheel. Every other line has tick marks labeled 80°, 70°, 60°, etc. These are
declination markers.

Example: Find the star Arcturus in the constellation Bootes. What do you think its RA and Dec are? Your
instructor will tell you the answer once everyone’s had time to think it over, and help out anyone who’s
confused.

Q14: Flip the star wheel ober and find the same RA and Dec markers. What is different about RA and Dec
on this side of the star wheel? (Hint: there are two differences).

Note: Coordinates in RA/Dec are different that altitude/compass direction. RA/Dec gives the absolute
position of a star/object on the celestial sphere, while altitude/compass direction gives the location of a star
or object relative to Earth’s horizon. The first does not depend on the observer’s location on Earth, but the
second one does!



PART 3:
MOTIONS OF THE NIGHT SKY -- FOUR LOCATIONS ON EARTH

Your instructor will now bring you to four different locations around the world. See

if you can tell where you are on Planet Earth.

LOCATION 1:
NOTES ON OBSERVATIONS:

LOCATION 2:
NOTES ON OBSERVATIONS:

LOCATION 3:
NOTES ON OBSERVATIONS:

LOCATION 4:
NOTES ON OBSERVATIONS:




PART 4.
OBSERVING AND IDENTIFYING THE PATTERN OF STARS’ NIGHTLY PATHS.

(i) Looking north

The instructor will project the night sky in the planetarium dome as it appears tonight
shortly after sunset. S/he will then demonstrate the movement of the stars over the
course of the whole night (sped up quite a bit, so it will all happen in just a few
minutes!). The motion will be stopped at 2-hour intervals (“real” time) for students to
record the position of a constellation.

Procedure:

Look up and face toward the north. Locate Polaris (also known as the “North Star”) using the
“pointer stars” in the Big Dipper. Measure the distance of Polaris above the northern horizon using
the degrees marked on the meridian scale. This is the “altitude” of Polaris. Now, look at the
diagram below. Notice the degree scale on the left side and the “N” indicating the direction north
along the horizon. Carefully place Polaris at the appropriate place on the diagram below, using the
meridian line, and label it. Also indicate the time of the observation (as provided by the instructor).

° Times of 3
707 — observations
(at 2-hour intervals)
1.
60° — 2.
3.
50° —
40° —
30° —
20° —
10° —
. I 1 i

horizon N horizon

Now sketch Ursa Minor (the Little Dipper), Cassiopeia or Cepheus in the diagram along with Polaris. As in
the previous lab, use your hand to estimate the angular separation between each pair of stars.

2-15



Each time the instructor stops the motion, record the time, and sketch the position of your constellation on
the same diagram.

Q1: What shape did the stars trace out in the sky?

Q2: Were there any stars that appeared not to move? If so, which one(s)?

Q3: Which way did the stars move? (Clockwise or counterclockwise?)

Pick the star in your constellation that is farthest from Polaris. Draw in a line between Polaris and that star
as it appeared in your first observation. Draw a second line between Polaris and the same star, as it
appeared in your last observation.

Q4: How many degrees around Polaris did the star move between the first and last observation?

Q5: How many degrees around Polaris did the star move per hour?



(ii) Looking south

The instructor will project the night sky as it appears tonight shortly after sunset, and
repeat the steps used in part (i) above.

Procedure:
Now turn around and face toward the south. Find a constellation somewhere in the southeast,
and sketch it on the diagram below, using the meridian line as an assist, at three different
times. Using your hand, estimate both the constellation’s altitude (height in degrees above the
horizon) and the angular separation between each pair of stars. Don’t forget to record the time
of each observation (as provided by your instructor).

o Times of 3
70° — .
observations
(at 2-hour intervals)
1.
60° — 2.
3.
50° —
40° —
30° —
20° —
10° —
| N
0° — T T

horizon S horizon
Q6: How could you describe the shape traced out by the stars?

Q7: Were there any stars that appeared not to move? If so, which one(s)?

Q8: Did the moving stars go eastward (west to east) or westward (east to west)?

Q9: Atthe constellation’s highest altitude, what was its compass direction?



Star Wheel Exercises (Fall Semester)

Q1: At what time tonight will Aldebaran in Taurus rise?

At what compass position will it be when it rises?

Q2: At what time tonight will Arcturus in Bootes set?

At what compass position will it be when it sets?

Q3: At what time tonight will Altair in Aquila be the highest above the horizon?

At what compass position will it be at that time? Is it at the zenith?

Q4: What constellation will be closest to the zenith at 9 p.m. tonight?

Q5: Constellations that never go below the horizon are known as “circumpolar” constellations. Use
your star wheel to identify three such constellations. (Note: Which, if any, constellations are circumpolar
depends on where you observe from on Earth. When not otherwise specified, we’ll assume we are
observing from San Francisco.)

Q6: The nearby spiral galaxy known as “M31” is “in” the constellation Andromeda, and is thus also
known as “the Andromeda galaxy” or simply “Andromeda.” (In reality it is much, much farther away than
any of the stars that make up the constellation called Andromeda; all those stars are inside the Milky
Way.) This galaxy is one of the few that can be seen with the naked eye, but only in dark sites. However,
it is easily seen with the telescopes in the SFSU Observatory! In what compass direction should you look
for it tonight at 9 p.m.?

Q7: What bright, named star has a Declination of about 39 degrees? What is its Right Ascension?

Q8: Name two constellations visible tonight that are below the Celestial Equator (have Declination
less than O degrees):



Star Wheel Exercises (Spring Semester)

Q1: At what time tonight will Arcturus in Bootes rise?

At what compass position will it be when it rises?

Q2: At what time tonight will Sirius in Canis Major set?

At what compass position will it be when it sets?

Q3: At what time tonight will Regulus in Leo be highest above the horizon?

At what compass position will it be at that time? Is it at the zenith?

Q4: What constellation will be closest to the zenith at 9 p.m. tonight?

Q5: Constellations that never go below the horizon are known as “circumpolar” constellations. Use
your star wheel to identify three such constellations. (Note: Which, if any, constellations are circumpolar
depends on where you observe from on Earth. When not otherwise specified, we’ll assume we are
observing from San Francisco.)

Q6: The nearby spiral galaxy known as “M31” is “in” the constellation Andromeda, and is thus also
known as “the Andromeda galaxy” or simply “Andromeda.” (In reality it is much, much farther away than
any of the stars that make up the constellation called Andromeda; all those stars are inside the Milky
Way.) This galaxy is one of the few that can be seen with the naked eye, but only in dark sites. However,
it is easily seen with the telescopes in the SFSU Observatory! In what compass direction should you look
for it tonight at 9 p.m.?

Q7: What bright, named star has a Declination of about 47 degrees?

Q8: Name two constellations visible tonight that are below the Celestial Equator (have Declination
less than O degrees):



Summary of Terms
(See Appendix C for the complete Glossary of Terms)

Celestial Equator - The great circle on the Celestial Sphere that is analogous to the equator on Earth.

Celestial Sphere - A very large imaginary sphere with the Earth at its center. For many astronomical
purposes, it is convenient to think of the stars, planets, the Sun, and Moon, etc. as being located on the surface
of this sphere (although in reality they are all at very different distances!).

Circumpolar - A constellation that is always above the horizon is referred to as “circumpolar” (i.e. circles the
pole). Which, if any, constellations are circumpolar depends on your latitude on Earth. (Ex: Ursa Minor is
circumpolar as viewed from CA).

Daily (“diurnal”) motion - The daily apparent motion of the Sun (e.g. rising in the East and setting in the
West), which is the result of the Earth’s eastward spin on its axis.

Declination (Dec.) - The north-south coordinate on the Celestial Sphere, analogous to latitude on Earth. The
Dec. is 0° on the Celestial Equator, 90° at the NCP, and -90° at the SCP.

Eastward - From west to east

Great circle - A circle on the surface of the Celestial Sphere whose center coincides with the center of the
Celestial Sphere.

Latitude - The north-south coordinate used to specify locations on Earth’s surface. Latitude is measured in
degrees, with the equator at 0°, the North Pole at 90° “north,” and the South Pole at 90° “south.” San
Francisco has a latitude of roughly 38° north.

Longitude - The east-west coordinate used to specify locations on Earth’s surface. Longitude is measured in
degrees, from 0 to 360, with O defined as the north-south line from the North Pole to South Pole that also passes
through the city of Greenwich, England.

North Celestial Pole (NCP) - The point on the Celestial Sphere where the Earth’s rotation axis (extended far
into space) would intersect the Celestial Sphere above the North Pole.

The North Star (“Polaris”) - The star at the end of the handle of the Little Dipper (Ursa Minor) that is very
close to the point about which all other stars appear to rotate, i.e. the North Celestial Pole.

Right Ascension (R.A.) - The east-west coordinate on the Celestial Sphere, analogous to longitude on Earth.
R.A. is measured in hours and minutes, increasing from west to east. The O hours position is at the point on the
Celestial Equator known as the “Vernal Equinox,” and at all positions due north and due south of that point.

South Celestial Pole (SCP) - The point on the Celestial Sphere where the Earth’s rotation axis (extended far
into space) would intersect the Celestial Sphere above the South Pole.

Westward - From east to west

2- 20



LAB 3: The Relationships of the Sun, Earth, and Zodiac

Other group members:
1.
2.
3.

Objectives:

% Understand why different constellations are seen at different times of the year.
% Model the effects of Earth’s motions on observations of the Sun and stars

NOTES



PART 1
PRECESSION AND THE ZODIAC

(i) Motions of the Earth

The Earth is constantly in motion. It spins on its axis. Italso orbits around the Sun in a large orbit, with an
average distance from the Sun of about 150 million kilometers (93 million miles). A third motion of the Earth,
known as precession, is less widely known. The Earth bulges slightly at the equator as a result of its
rotation, i.e., it is not quite a perfect sphere. The Sun and Moon'’s gravitational pull on the Earth’s equatorial
bulge cause the Earth to wobble like a top, or “precess.”

Let's compare the timescales on which each of these motions occurs. The first two you should know
already!

Time it takes Earth to complete one spin:

Time it takes Earth to complete one orbit around the Sun:

Time it takes Earth to complete one precession cycle
(trace out one complete circle as it wobbles): 26,000 years (1)

Your instructor will demonstrate precession (sped up quite a bit!)
Recall that we learned in previous labs that the Earth axis points close to a particular star.

Q1: What special star is this?
Q2: Where is this special star located on your star wheel?

Q3: Consider the precession demonstration. Do you think that the Earth’s axis will always point at this
special star? Why or why not? Explain.

It's important to realize that the Earth precesses very slowly. Over a human lifetime, its effect is generally quite
negligible. Thus we can use the same “pole star” for our entire lifetimes, and teach it to our children who can
teach it to their children. But as we’ll see later in the lab, precession must be taken into account when we are
comparing current observations of the sky to observations made thousands of years ago or if we wish to predict
what others will see thousands of years in the future.

In this lab we will explore the effect of Earth’s motions on observations that we make of the Sun and the stars over
the course of days and months. Precession will not come into play because it happens so slowly. But we will take
note of what effect it has on what we see today versus what people saw some 2000 years ago.

(ii) Constellations of the “zodiac”

Some of the most famous and ancient constellations are the constellations of the zodiac. As we will see
in the next part of this exercise, as the Earth orbits the Sun, the Sun appears to move against the
background of stars. (This isn’t necessarily obvious, since you can’t see stars during the day!) The path
that the Sun takes through the constellations is known as the ecliptic, which is the plane defined by
Earth’s orbit. The constellations that the ecliptic passes through are the constellations of the zodiac, or
simply, “the zodiac.”
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For thousands of years, people all over the world have paid attention to the Sun’s path through the stars.
Because of the Sun’s great importance to our lives, great importance was also attached in many cultures
to the constellations that make up the zodiac.

Q4: Do you know your astrological sign? If so, what is it?

Your astrological sign is in principle the constellation that the Sun was “in” on the day you were born. (Itis
common to say the Sun (or a planet) is “in” a certain constellation. Butit's important to understand that it
is really in front of that constellation. The Sun is much, much closer to Earth than any other star!)

Astrological signs, as they’ve come down to us, were defined roughly 2000 years ago. At thattime, there
were 12 zodiacal constellations, each covering about 1/12t of the ecliptic, so that the Sun was “in” each
one for about a month. Since then, the Earth’s precession has caused a shift in the position of the Sun on
different dates. As a result, most people’s sign is no longer what it would have been 2000 years ago.
We'll see which constellation the Sun was actually “in” on your birthday in a minute.

Another change that has occurred is that in the early 20t century, astronomers from all over the world got
together and agreed upon a way to divide up the whole “celestial sphere” into 88 constellations. You can
see the names and outlines of these constellations on the celestial sphere on your lab table. Some
constellations are big, while others are small, so that the amount of time the Sun spends in front of each
one is different. Also as a result of this redefinition of the constellations, there is now one extra
constellation that the Sun passes in front of over the course of one year.

Take a close look at the celestial sphere on your lab table. Notice the ecliptic, which is marked in red.
Starting from the constellation Pisces, and moving to the right, along the ecliptic, list all the
constellations of the zodiac, in order:

1. Pisces 5 9 13.
2. 6. 10.
3. 7 11.
4. 8. 12.

Notice the dates marked along the ecliptic on the globe.

Q5: Make a sketch with the Sun in the middle, a circle representing Earth’s orbit around the Sun, and another

larger circle representing the constellations that lie along the ecliptic (i.e., the Zodiac). Divide the largest circle

into 13 sections.



Q6: Using the list of constellations that you just made in Q4, label each section of the largest circle with one
zodiac constellation. Start with Pisces at the top and move counterclockwise.

Q7: What constellation is the Sun in on your birthday? (We’'ll call this “your” sign from now on.)

Q8: How does this compare to your astrological sign? If it has shifted, by how many constellations has it
shifted?

Q9: Considering how slowly the Earth precesses, how long do you think it might be until your sign would
change again?

Q10: On your sketch, put a dot on the Earth’s orbit circle that represents where the Earth would be on your
birthday.

PART 2
CHANGES IN THE NIGHT SKY OVER A YEAR

Before we model the Sun and the signs of the zodiac, it is helpful to develop a working model of
the Sun-Earth system. Consider the sketches on the next page. Each sketch represents the
Earth at a different time over the course of one day, as viewed from far above the North Pole of
Earth. Viewed from “above” in this way, the Earth spins counterclockwise.

A little person is shown standing on the equator in each sketch (easier to draw than if they are in
San Francisco). The dotted line represents the person’s horizon. At the bottom of each sketch,
write the approximate time of day (or night) experienced by the person in the sketch.

time time time time
() (b
=

North Pole



Now for the model: the Sun will be represented by a 25-Watt light bulb at the center of the room. Your head
will be the Earth. Now imagine that the little person in the sketches above is standing on your nose (the
equator). What the person would see if they were standing on your nose would be exactly the same as what
you see, since that’s the side your eyes are on. The field of vision you get by looking all around (without
turning your head) is equivalent to the region above the person’s horizon. What you can’t see (because it’s
behind you) is what’s below the little person’s horizon. So in effect you can just use your head as Earth, and
your eyes as the “little person” looking out into space. To get a better sense of where your horizon is, hold
your arms out horizontally at your sides. Whatever is in front of them is above your horizon; whatever is
behind is below your horizon. The sketch on the left below represents noon (the nose points toward the
Sun). Draw in your nose at the position it should be to represent the other three times above.

< nose
top of your O O O
head —

(iii) A model of the Sun, Earth, and zodiac

Now we’ll go into the planetarium and see a model of the zodiac. When you get into the planetarium,
look at the zodiacal constellation charts, their order and arrangement. Notice that the length of the red
line on the charts represents how long the Sun is in each constellation and that the amounts of time
are NOT the same.

The Sun is at the center of the circle. Remember that you represent the Earth and your nose gives you
the time of day. Walk around the Sun counterclockwise (remember that Earth both orbits the Sun and

spins on its axis in the counterclockwise direction). Make one complete orbit.

Q11: Which way does the Sun appear to move against the background of the constellations: to the left
or to the right?

Q12: Which compass direction does the Sun appear to move against the background of stars: east or
west?

Q13: Does the Sun actually move?

Q14: Isthis a scale model of the Sun-Earth system and the stars? Why or why not?



The change in perspective resulting from Earth’s orbit causes an apparent motion of the Sun against the
background of stars. The apparent motion caused by the Earth’s orbit is known as annual motion.

To determine what cardinal direction (east, west, north or south) the Sun appears to move along the ecliptic,
imagine that your head has a horizon attached to it (like the globes we used in Lab 2). The top of your head is
north, your right eye is west, your left eye is east and your chin is south. Now consider the direction the Sun
appears to move against the background of stars.

Q15: Considering how long it takes the Earth to complete one revolution around the Sun, can you estimate
how many degrees the Sun appears to move each day? (Hint: divide the number of degrees in a circle by the
approximate number of days in a year. You can round off your answer.)

The Sun’s apparent motion affects which constellations you see at different times of the year. To see how
this works, again imagine that your head represents Earth. When you are facing the Sun, it is noon. When
you turn 90° to the left to simulate the Earth’s counterclockwise spin (as viewed from above) and the Sun is
at your right eye, it is sunset, approximately 6pm. Your right shoulder should go forward, and the left one
backward as you spin. Turning another 90°, you are now facing directly away from the Sun and it is
midnight. Another 90° turn (always counterclockwise) takes you to where you can just see the Sun out of
your left eye and it is sunrise, approximately 6am. You may want to hold your arms out horizontally to
remember that they are your horizon. Ask your instructor if you have any questions about how this works.

Q16: Over the course of a day, what direction does the Sun appear to move relative to the Earth’s
horizon: toward the east or toward the west?

The apparent motion of the sun over the course of a day is known as its diurnal motion.

Move to where the Earth is on your birthday. You might want to find a partner whose birthday is in the
same month as yours to help answer these questions.

Q17: Isit possible to see your constellation on your birthday? Why or why not? Explain.

Now rotate yourself to the position that corresponds to sunset. (Look at the Sun, then turn 90° to
the left.) Look atthe zodiac (but don’t turn your head). What 2 or 3 constellations of the zodiac can
be seen in or near the south (directly in front of you) on your birthday? Enter the date and the
constellations in the table on the next page.

Now let 3 months pass (move 1/4 of the way around the circle) and repeat. What constellations are
visible in the south right after sunset now? Repeat for the dates 6 months after your birthday and
also 9 months after your birthday, and fill out the table on the next page.



date constellations visible in the south just after sunset

(1) birthday:

(2) 3 months after (1):

(3) 6 months after (1):

(4) 9 months after (1):

Q18: Are there any dates on which you can see “your” constellation in the evening after sunset?
If so, when?

More food for thought:
(1) Imagine that you were living in Tokyo, Japan at 35° N and 139° E, or in Athens, Greece at
37° Nand 23° E, instead of in San Francisco.

Q19: On a given date, would you see the same constellations right after sunset that you see
from San Francisco, or would they be completely different? Explain.

(2) One additional motion of the Earth has been left out of the picture above. The Sun orbits the
center of our galaxy, the Milky Way, and carries the Earth and all the other planets and objects in
the solar system with it. The Sun is about 25,000 light-years from the center of the galaxy, and it
takes the Sun about 200 million years to complete one orbit around the center.

Q20: Why do you think it was okay to ignore this motion in the exercise above?

Q21: 100 million years from now, would you expect the constellations of the zodiac to still be
the same? Why or why not?



Summary of Terms
(See Appendix C for the complete Glossary of Terms)

Annual motion - The apparent motion of the Sun relative to the stars over the course of one year, which is
the result of the Earth’s orbit around the Sun.

Daily (“diurnal”) motion - The daily apparent motion of the Sun (e.g. rising in the East and setting in the
West), which is the result of the Earth’s eastward spin on its axis.

The ecliptic - 1. The plane defined by Earth’s orbit as seen from the Sun. 2. The apparent path of the Sun
against the background of stars over the course of one year.

Precession - A phenomenon in which the spin axis of a body wobbles.

Revolution - A word used to describe one body orbiting another body, e.g. the Earth revolves around the
Sun. One revolution of the Earth around the Sun takes one year.

Rotation - The spinning of a body (e.g., Earth) on its axis. The Sun also rotates on an axis.
The zodiac - The set of constellations through which the ecliptic passes.

Historically there were 12 such constellations. In the system of 88 constellations defined by the
International Astronomical Union in 1930, there are 13 (Ophiuchus being the 13th).



LAB 4: Creating a Model of the Solar System

Other group members:

1.

Objectives:

* Develop a true scale model of the Solar System

*  With the help of your instructor, to become familiar with some important concepts including:
o Scientific Notation
o Making Scale Models

NOTES



Part I: Scientific Notation
The universe is a big place. In astronomy, we’re forced to deal with really big numbers. You may think a
million is a big number, but the mass of the Earth is six million million million million kilograms. That's 6
followed by 24 zeros!
Instead of actually writing down that huge number whenever we want to calculate something with it, we write
it in scientific notation: 6x1024. That’s 10 raised to the 24th power, or ten multiplied by itself 24 times, and
then multiplied by 6. Each time you multiply by ten, you just add another zero at the end.
For example,
One million = 1,000,000 = 106
One billion = 1,000,000,000 = 10°

Q1: Try putting the following numbers in scientific notation:

140000000 =

5347600000 =

1000 =

50000000000000000000000000 =

670000 =

What about small numbers? The mass of a proton is about 0.000000000000000000000000001
kilograms. This number is really inconvenient to write down. Luckily we can also put small numbers into
scientific notation by moving the decimal point to the right.

The mass of a proton in scientific notation is 1 x 1027 kg.

Q2: See if you can put the following numbers in scientific notation

0.000005 =

0.0456 =

0.000000000000000006 =

0.04567 =

0.0000000008 =
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Now that we can write out big numbers, we can perform calculations with them. Let’s say we wanted to
know what a million times a billion is. What seems like a pretty complicated calculation is easier when done
completely in scientific notation.

One million x one billion = 106 x 109 = 106+9 = 1015

Q3: Try the following on your own

103 x 102 =

109 x 108 =

1011 x 10 =

105 x 10 =

To do a calculation like this with numbers out front, you can separate the regular numbers from the powers
of ten and do those calculations separately. For example:
200%x400=(2x102)x(4%x102)=(2x4)x(102 x102)=8x104 =80,000

Q4: Try these:

(5%108)x(4x103)=

(3%x1086)x(4x108)=

(1x10%)x(2x109)=

What about division? If you want to divide by an exponent, it's the same thing as multiplying by a negative
exponent. Say we wanted to know the ratio between the mass of the sun and the mass of the Earth. The sun
is 2 x 1030 kilograms, and the Earth is 6 x 1024 kilograms, so:

Mass of Sun/Mass of Earth = (2 x 1030) / (6 x 1024)
= (2/6) x (1030-24)
=0.33 x 106
=3.3x 105
= 330,000

So the sun is about 330,000 times more massive than the Earth. It’s standard in scientific notation to have
the number multiplying by the power of 10 to be between 1 and 10, so | changed the 0.3 to a 3, and
changed the power of ten accordingly.



Q5: Try these division examples:

(2 x1019) / (6 x 104) =

(5 x 105) / (4 x 103) =

(6 x 1049) / (3 x 1030) =

(1 x 10150) / (4 x 1075) =

Part Il: Converting Units

Metric units work so well with scientific calculations because each unit can be expressed as another unit
times a power of ten. If you want to express miles in feet, you have an awkward 5,280 conversion factor. But
if you want to express kilometers in meters, you simply multiply by 1,000 (103). Here are some of the units
we will be using;:

1 kilometer = 1000 meters
100 centimeters = 1 meter
1000 millimeters = 1 meter

To convert from one to another, you first have to figure out which direction you're going. Will you end up with
a bigger number or smaller number? Keep in mind which units are large, and which are tiny. Kilometers are
comparable to miles, so they are large. Centimeters are comparable to inches, so they’'re small, and
millimeters are even smaller (there are 10 millimeters in one centimeter).

So if you wanted to express 3 feet in inches, will you end up with a bigger number or smaller number?
Similarly, since centimeter is a small unit, there are many centimeters (100) in one meter, so if you have a
certain number of meters, you're going to have 100 times as many centimeters.

Here is a basic example of converting units:

Converting 5 kilometers to meters

1000m
lkm

(s

)= 5000m

Converting 500 millimeters to meters

(SOOmm)( Im )=(500m)=05m
1000mm )\ 1000




Q1: Try the following on your own:

Convert 3 kilometers to meters

Convert 5000 centimeter to meters

Convert 0.2 meters to centimeters

Convert 0.5 meters to millimeters

Part lll: Making a Scale Model of the Solar System

Students in each lab group will work together to determine appropriate scaled sizes and distances for the objects
they are given. Planets will be placed in a map of the SFSU Quad (see Map 1 and Map 2) to compare the scaled
distances. Table 1 below contains the full inventory of objects that will be included in the model. Fill in the last
three columns when you and the rest of the class have completed the exercise. Don’t forget the units! (dist. =
distance diam. = diameter)

TABLE 1
SUN
diameter (km) scaled diameter model object
Sun 1.4 x10¢ 14cm yellow balloon
PLANETS
diam. dist. from scaled scaled model
(km) Sun (km) diameter dist. (m) object
Mercury 4.9 x 103 5.8 x 107
Venus 1.2x 104 1.1 x 108
Earth 1.3 x 104 1.5x 108
Mars 6.8x 103 2.3x 108
Jupiter 1.4x 105 7.8x 108
Saturn 1.2x 105 1.4x 107
Uranus 5.0x 104 2.9x107
Neptune 5.0x 104 4.5x 107



DWARF PLANETS

diam. dist. from scaled scaled model
(km) Sun (km) diameter dist. (m) object
Pluto 23x10%  59x107
Ceres 9.8x 102  4.14x 108
Eris 1 2.4x 103 1.45x 100

T Distance from sun in 2009

MOONS
planet diam. dist. from scaled scaled model
orbiting  (km) planet (km) diam. dist. (cm) object
Moon Earth 3.5x 103 3.8x 105
lo Jupiter 3.6 x 103 4.2 x10°%
Europa Jupiter 3.1 x 103 6.7 x 105
Ganymede Jupiter 5.3 x 103 1.1 x 10¢
Callisto Jupiter  4.8x 103 1.9 x 10¢
Titan Saturn 5.2x103 1.3 x 10¢
Procedure:

Each lab group will pick two of these randomly paired Solar System objects, at least one of which is
a planet. Students at each table will work together to determine appropriate scaled sizes and
distances for each object in the model. Table 1 above lists the components of the Solar System
that will be included in the exercise, along with relevant data on each one. We will try to create a
scale model of the solar system on a map of the Quad at SFSU. To calculate distances we'll try a
model that is 10135 times smaller than the real solar system. To calculate the size of the planets
we will use a scale model of 1010 so we can easily hold the planets in our hand.

Pairs to pick from:

Mercury and Titan Jupiter and Ceres
Venus and lo Saturn and Callisto
Earth and Pluto Uranus and Moon
Mars and Ganymede Neptune and Europa

DISTANCE SCALE: 10135

DIAMETER SCALE: 1010

Q1: Pluto is one of the more distant objects in the solar system. Thinking about the size of the
Quad, flip to Map 1 and draw a dot representing where you think Pluto will be located in our
solar system model (Hint: Pluto will be oriented directly south of the middle of the map.) Label
this dot “Pluto Prediction.”
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Step 1: Determine the scaled size of the two Solar System objects your lab group is
responsible for. Do the calculations by yourself the first time, and show your work in the spaces
provided, including all of your units.

Name of 1st object:

Scaled diameter calculation:

Scaled distance Calculation:

Name of 2nd object:

Scaled diameter calculation:

Scaled distance Calculation:



Step 2: Find objects among those provided in the lab that are about the right size (i.e. have the
right diameters) to represent the planets that you have calculated scaled diameters for. Use a
ruler to check the diameter of the objects you pick.

Objects chosen:

Now compare your results with the other students at your lab table. Work together until you all
agree on the correct answers for both objects (and all understand how to get them!). If you need to
redo the calculation, add it to the spaces above (and cross out the old one).

After you do the calculations for your objects and pick please check with the instructor and then
put your results on the blackboard. Copy the results from the blackboard into Table 1 above.

STOP AND WAIT FOR YOUR INSTRUCTOR BEFORE CONTINUING

Step 3: We will use Table 1 to fill in Map 1. Your instructor will provide you with a list of the RA and
Dec of all the objects in Table 1.

Step 4: Next we need to fill in Table 2 so we will be able to fill in map 2. Map 2 is a zoomed in
version of a small part of the quad. By zooming in we are able to get a better idea of where the
inner planets lie. Because we are zooming in we need to multiply by our zoom factor. In our case
copy over your scaled distance from Table 1 and then multiply each number by 5 to get the correct
scale.

TABLE 2
Planet Scaled Dist. Scaled Dist. for
(from Table 1, cm) Map 2 (cm)
Mercury:
Venus:
Earth:
Mars:

Step 4: Use Table 2 and to complete Map 2.



Star Wheel Questions: (Refer to the RA/Dec list supplied by your instructor)

Q1: Which constellations are each of your objects in tonight?

Q2: Use your star wheel to determine what time your objects will rise tonight (if they are only up

during the daytime, say so).

Q3: Which planet will be closest to the Sun in they sky?

Q4: Which planets (of Mercury, Venus, Mars, Jupiter, and Saturn) will be up around sunset tonight?

Q5: Look at the RA and Dec of Ganymede, Callisto, lo, and Europa. What do you notice about their
right ascensions and declinations? Why do you think this is so?











































































































































































































































































































































































