Homework A1.1: Tracking the Sun

(20 homework points)

Materials Required: 

To do this exercise you will need to go to the Physics and Astronomy departmental office (room 209 in Building 19) and check out a plastic tracking hemisphere, a water-soluble marker, and a compass. Note: if you do not return the materials, or if the materials are returned unusable, you will be charged for the replacement costs. 

You must supply your own protractor, chalk, and straight edge.  The “hemisphere base diagram” is attached to this assignment.  Hint: You will find this assignment much easier if you read all the way through before starting. 

Choosing a Site 

Use the hemisphere on a level surface, and don't place it too near buildings or trees that might cast shadows on it sometime during the day.  You will be marking on the ground with chalk, so you need cement or asphalt rather than dirt.  Also, you’ll be coming back several times during the day, so choose a convenient spot.

Using a Compass to Determine True North

 The first step is to determine the direction of true north, and to mark that direction on the ground with chalk. (Note: You will be doing this exercise several times over the semester, so you may want to find some permanent way of marking true north.)

Most people don't realize that a compass does not point to “true north”, also called geographic north. This is due to the fact that the Earth's rotational axis is not the same as its magnetic axis.   “True north,” or the North Pole, is the point around which the Earth rotates -- its rotational pole.  However, the Earth's magnetic pole, i.e. the place to which a compass points, is under Hudson's Bay.  Thus you will need to make a correction to the compass direction to find true north.

The direction in which a compass needle points is, predictably, called magnetic north, and the angle between magnetic north and true north is called magnetic declination. This angle has to be measured for each point on the Earth, and is generally available on topographic maps.  Magnetic declination actually changes slowly with time, but for our purposes we can skip that worry.  The magnetic declination of Flagstaff is 14( E, which means that magnetic north is 14( east of true north. Thus in Flagstaff, true north is 14( west of magnetic north.

Use the following procedure to find the direction of true north:

(  Place your compass on the ground.  The red end of the compass needle will point to magnetic north.  (If for some reason your compass needle doesn't have a red end, just remember that from Flagstaff the mountains are approximately north.)

(  Use the chalk and a straight edge to draw a line pointing towards magnetic north.

(  Use a protractor to measure an angle that is 14( west of your magnetic north line.  Use the straight edge to make a new line in this direction, and clearly label it as true north.

Finding the Position of the Sun on the Sky

(  Place the hemisphere base diagram on the ground such that N is lined up with true north.  (The base diagram is attached; it’s the large circle with the cross in it.) Place the plastic hemisphere over the diagram, lining up the edge of the hemisphere with the edge of the circle.  Make sure that the ridges in the plastic are lined up with the cross underneath.  The plastic hemisphere now represents the sky, and the center of the cross represents you, the observer.  To plot the current position of the sun, do the following:

(  Place the tip of your water-soluble marker close to the plastic hemisphere, but without actually touching the surface.  (Please, do not use permanent markers or any other kind of pen. Although they don’t look it, these hemispheres are actually expensive. If your hemisphere is permanently marked, you will be charged for the replacement cost.)

(  Move the marker around until the shadow cast by the tip of the marker falls directly on the center of the cross.  The marker is now pointing directly at the sun.  Mark a small dot on the hemisphere below the marker; if you've done this correctly, the shadow of the dot should fall precisely on the center of the cross. (If you have trouble with this assignment, be sure to contact your instructor immediately.)

(  Label the dot with the time the dot was made.

Tracking the path of the sun

Now that you know how to take a single data point, use it to trace out the path of the sun during an entire day.  Your assignment is to track the sun every 30 minutes or so for at least half a day.  You should either start early in the morning and go past noon, or start before noon and go until late afternoon. You will need several points around noon, several more in the afternoon or morning, and at least one point with the sun low in the sky before sunset or after sunrise. Around noon the sun will move very fast -- you should take a data point every 15 minutes.  Early or late in the day you can take the points at 30 to 60 minute intervals. Be sure to mark the time each point was taken.  (You need at least eight measurements for a passing grade on this assignment.  If this is impossible with your schedule, you may share the assignment with one other person, but you both must do the analysis separately.)

KEEP THESE INSTRUCTIONS AND THE HEMISPHERE BASE DIAGRAM FOR NEXT TIME.  TURN IN ONLY THE ANALYSIS SECTION.
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Analysis

1. To analyze your data, draw the best curve through all the points.  Don't just connect the dots – make a smooth curve. If you took your data in the morning, go ahead and extend your curve to the afternoon, or vice versa -- the curve should be symmetric on either side of the north-south line.  Turn in your hemisphere with this assignment. 

Record the number of your hemisphere: ________________________

Record the date of this set of observations:  _____________________

2.  Try reproducing your curve on the figure below.  Drawing in three dimensions is tricky, and takes practice.  Give it a try.  Each tick-mark represents an angle of ten degrees on the sky.  (“Zenith” just means the point directly overhead.)
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3. At approximately what time was local noon , i.e. the time at which the sun was the highest in the sky?  (Try to estimate this time to the nearest five minutes.  You will probably need to interpolate between data points.)          

Time of local noon:  _____________________

4.  Did the sun pass exactly overhead?  If not, approximately how many degrees was it from overhead?  (Use a protractor inside the plastic hemisphere to measure this angle.  Make sure that the center of the protractor is on the ground, where the observer would be.)

Angle:  ____________________________

6. What kind of angle did the rising and setting paths of the sun make with respect to the horizon?  (See illustration below.  Use the protractor to measure the angle.)
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Homework A1.3:  Stick-Shadows

A gnomon (pronounced NO-mun) is an ancient term for a vertical object whose shadow is used to measure the angle of the sun.  Basically, it's a fancy name for a stick in the ground!  The word is also used for the part of a sundial that casts the shadow. A gnomon should have a fairly sharp point so that it will cast a sharp shadow.

In this exercise, you will take the gnomon supplied to you and record the shadow of the sun throughout part of a day.  For this assignment, you need to record the shadow of the sun over a period of at least three hours, preferably four.  If at all possible, your time-period should include the hour between 12:00 and 1:00. Make your measurements about a half-hour apart early or late in the day, and about 15 minutes apart close to noon.  You need at least six measurements for a passing grade on this homework.

The first step is to find a good spot for your gnomon.  You want a place where there is plenty of sun, and where the sun won’t disappear behind a building in the next few hours. The spot needs to be absolutely level.  Put your gnomon (nail) through the board, and stick a piece of paper over the nail and smooth it out on the board.  (The board is sized to fit a regular piece of notebook paper.) Make sure that the gnomon's shadow is completely on the paper.  If not, rearrange until it is.

For each measurement, trace the gnomon’s shadow without moving the paper.  Write the time of measurement next to each shadow.

When you turn in your shadows, please note the following on your paper:  name, date the data were taken, and location of gnomon.

Homework A1.4: Star-Clocks

How did ancient mariners tell time at night, when sundials don’t work?  With the stars!

Background

The Earth rotates once every 24 hours, with its axis of rotation always pointing towards the same spot in space.  If you drew an imaginary line straight up from the Earth’s north pole until it hit the sky, it would point towards the North Star, or Polaris.  (Well, almost -- it would hit within one degree of Polaris.)

As the Earth rotates during the night, the stars will appear to rotate around Polaris.  This motion makes it easy for residents of the northern hemisphere to estimate the passage of time.  (Residents in the southern hemisphere are not quite as lucky; the stars still rotate, but there is no bright star to mark the point in the sky above the south pole.)

Since the Earth rotates to the east, stars, like the sun, appear to rise in the east and set in the west.  Thus when facing north, the stars close to Polaris appear to rotate in a counter-clockwise direction.

Making the Star-Clock

Use....

Finding the Big Dipper

Using the Star-Clock
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Homework A1.5: Sundials

Sundials are an ancient science, and with care can be made accurate to within fifteen minutes of “clock time.”  (This fifteen minute error is due to the vagaries of the position of the sun in the sky, not to inherent problems with sundials.)  In this exercise you will construct a very modest sundial which will not have that kind of accuracy, but should still give you an approximate idea of what time it is.

Homework A1.2: Where Does the Sun Set?

(This homework assignment is worth 15 points the first time, and 5 points for each additional time the sketch is turned in with new observations.)

Today’s population spends most of its time indoors. Ancient peoples were much more aware of seasonal changes in the positions of the sun and stars.  In this exercise you will track the position of the setting sun over the semester.

Finding a Good Location

Finding a good location for this exercise is key. You will need access to the same location about once per week over the course of the semester. Your location must give you a clear view of the western horizon. It might be helpful to look “high”; the top floor of a dormitory, the top of a hill, etc.

Sketching the Horizon

On the back of this sheet, make a careful sketch of the western horizon as seen from your location. “Careful” means that you need more than just a schematic; where there are trees, try to sketch in individual trees or at least ones that stand out.  You will be trying to plot the position of the setting sun over the entire semester on this diagram, and you will need “markers” (trees, buildings, rocks) along the horizon to estimate the sun’s position. 

Record your precise location here:  _______________________________________

Recording the Position of the Setting Sun

Carefully sketch in the position of the sun as it hits the horizon. Check the scale; most people tend to draw the sun much larger than it really appears.  Check the size of your “sun” against a landmark on the horizon.  Label the sun with the correct date and time

Later Observations

Each week, observe the sunset from the same spot.  Label the sun with the date and time.  If you need more horizon to work with, tape a new piece of paper to your old one.

Homework A1.3:  Calculating the Angle Subtended by your Fist

One of the common approximations in observational astronomy is to use your fist, held at arm’s length, to estimate angular distances on the sky.  The common belief is that everyone’s fist, held at their arm’s length, subtends an angle of roughly 10(.  This only works because, on the average, people with longer arms also have bigger fists!  In this exercise you will calibrate the angles subtended by your own fist, finger, and wide-spread hand held at arm’s length.

Procedure:  Hold your fist at arm’s length.  Have someone help you to carefully measure the distance from your eyes to your fist. Be as precise as you can, preferably to the nearest half-centimeter or quarter-inch.  

distance from eyes to fist:

Then, in the same units (centimeters, inches, whatever), carefully measure the widths of

(a) your fist

(b) your index finger (the width, not the length)
(c) your hand with the fingers spread as wide as possible.
Using the small-angle formula, calculate the angles subtended, in degrees, of all three body parts.  (It is likely that the width of your wide-spread hand will exceed 10(, somewhat outside the range of the small-angle formula, so it won’t be as accurate.) Show all your work for full credit.

Angle subtended by:  

(a) your fist

(b) your index finger

(c) your hand with the fingers spread as wide as possible.
Homework A2.1: Seasons 

1. (a) How would the seasons be different if the rotational axis of the Earth were inclined 90( to its orbital axis instead of 23.5(, and why?  (This would mean that the earth was basically lying on its side as it rotates, much as Uranus does.) Explain your answer carefully.  Consider what the seasons would be like at both the equator and at the poles.
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(b) How would the seasons be different if the rotational axis of the Earth were inclined 0( to its orbital axis instead of 23.5(, and why?  (This would mean that there would be no "tilt.") Explain your answer carefully. Consider what the seasons would be like at both the equator and at the poles.
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Homework A2.2 The seasonal path of the Sun

1. Does the Sun pass through the zenith every day at the equator?  If not, on what dates does it do so? 

2. Below are four circles with a dot in the middle representing a stick. For each circle, draw and label the shadow of the stick for each of the following times in Flagstaff.  Be careful of the relative length and direction of the shadows.
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3.  On the figure below, draw and label the path of the sun as seen from the equator on June 21 (left) and December 21 (right.)
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Homework A3.1: The Phases of the Moon

1. At what time of day will you see a waning crescent moon 

(a) crossing the meridian?

(b)  rising?

(c)  setting?

2. (a) What time does a waning gibbous moon rise? 

    (b) What time does a waxing crescent moon rise? 

    (c) At what time of day will you see a first quarter moon crossing the meridian? 

3.  Identify the phases of the Moon if at sunset the moon is 

(a) near the eastern horizon

(b) high in the southern sky (i.e. due south) [Note: the moon appears in the southern sky for those of us in the northern hemisphere for the same reason that the sun appears in the southern sky.  On your reading on the moon, “south” for the observer is into the paper.]

(c) in the southeastern sky

(d) in the southwestern sky

Homework A4.1: What does the Sun look like as seen from Pluto?

1. As you paced out your model of the solar system, the Sun (basketball) was left further and further behind.  Calculate the angular diameter of the Sun as seen from Pluto.  Use an average Sun-Pluto distance of  5.9 x 1013 km = 59,000,000,000,000 km, and a linear diameter for the Sun of  1.4 x 1010 km = 14,000,000,000 km.  Use the form of the small-angle equation that will give you an answer in arcminutes. Show your work.
2. Remembering that your eye can only resolve angular diameters greater than 2 arcminutes, will the Sun appear as a disk (“resolved”) from Pluto or as a star-like point (“unresolved”)? 

Homework A5.1: The Phases of Venus

Focus on Science A5.1, “Galileo and the Phases of Venus”, presents the geocentric (Earth-centered) model of the universe that was used by western civilization for almost two millenia.  It was Galileo’s discovery that Venus exhibits a full cycle of phases that proved the downfall of this model.  In this exercise, you will demonstrate the cycle of phases expected for both models.

Use each figure below to determine the phase of Venus as seen from the Earth at each point shown in the orbit.  Shade the appropriate side of Venus, and then draw a line from the Earth to Venus to determine which half of Venus will be seen.  Underneath the figure, make a series of small sketches to show what the cycle of phases will look like from the Earth (e.g., draw a full Venus or crescent Venus.)
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Cycle of phases as seen from the Earth:
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Cycle of phases as seen from the Earth:

Homework A3.2:  Tracking the Daytime Moon

(20 Homework Points)
You will be observing the Moon and measuring the angle (in fists) between the Sun and the Moon every clear day for two weeks, starting about two days after new moon. Your instructor will give you the date to begin.

Since you have to be able to see the Sun, obviously this has to be done during the day.  The easiest time is right at sunset. However, if your schedule doesn’t allow observations at sunset, earlier in the day will work after the Moon is a few days old.

Each clear day you will:

• Enter the date of observation in the data table provided.

• Calculate the age of the moon in days for that particular observation.  (The “age” of the Moon is simply the number of days elapsed since new moon.)

• Measure the angle between the Sun and  Moon in “fists” by holding your fist at arm’s length and then “leapfrogging” your fists over one another.  Measure both the angle horizontally along the horizon, and then vertically between the horizon and the Moon.   
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• Sketch the Moon as carefully as you can in the space provided.  Pay careful attention to the shape, and to how much is illuminated.  Make sure you get the left/right sides appropriate.  (You will virtually always be facing south, so “right” will be to the west, and “left” will be to the east.)

Analysis

• Take the graph provided and turn it sideways such that the “Sun” is on the right side.  Assume that one square is equal in angle to one fist. For each observation, sketch in the sun at the observed distance in “fists” from the Sun.  Sketch the phase as carefully as you can, and label each sketch with the corresponding date.

• Below, describe in words the correlation of the shape of the illuminated part of the moon as a function of angular distance from the sun.

Age of Moon in Days
Date of Observation
Time of Observation
Number of Fists measured horizontally
Number of Fists measured vertically
Sketch of Phase
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SUN

18 fists
17 fists
16 fists
15 fists
14 fists
13 fists
12 fists
11 fists
10 fists
9 fists
8 fists
7 fists
6 fists
5 fists
4 fists
3 fists
2 fists
1 fist


a) shortly after sunrise


b) mid-morning


c) local noon


d) mid-afternoon


e) shortly before sunset








