SUGGESTED ASTRONOMY TERM PROJECTS
All student projects involve individual student efforts; no group projects are permitted.

I  Daytime Projects
A.  Visual
1.  Plotting the length and direction of a stick shadow at the same time each day.

Students performing this activity plot the tip of the shadow  of a vertical stick on a large sheet of cardboard and relate the changes of that shadow to the changes in the position of the sun in the sky over the interval of the semester.  This activity requires that the shadow be observed at precisely the same time on many occasions over the semester.  Times of observations should not be changed into Daylight Savings Time.  The data should be analyzed not only for total change in shadow length and direction, but also for the rate of change of these parameters.  The data will show a portion of the analemma.  A successful completion of this activity will relate these findings to the dynamics of the earth's orbit.

2.  Period of rotation of the sun from observations of sunspots

This activity involves using a special device to safely project an image of the sun on a screen.  Students who select this activity will trace the projected image of the sun, including whatever spots are apparent, to create a succession of tracings which can later be examined to deduce the rotational period of the sun, and the position of the sun's axis of rotation from the movement of the spots across the succession of the tracings.  This project does NOT involve the potentially dangerous observation of the sun through telescopes or binoculars.

3.  The Moravian Campus as an astronomical site

Show that the ancient Moravians sited the Moravian campus in relationship to other important Lehigh Valley landmarks so that the motions of the stars, sun, and moon align in unique ways to specify several significant dates within our Moravian academic calendar.  Students who select this project should read portions of Stonehenge Decoded by Gerald S. Hawkins, or In Search of Ancient Astronomies by E. C. Krupp, both of which are in our library.

4.  Plotting the tip of a stick shadow at least six times on each of three days.

This activity involves making an apparatus that consists of a rigid vertical stick which can cast a shadow onto a large piece of paper or cardboard over the course of an entire day to form a portion of the analemma.  The tip of the stick shadow is located on at least six occasions, three in the morning and three in the afternoon, on each of three days.  The days should be separated in time by two to three weeks and the orientation of the paper should be consistent from day to day.  The points of equal times are compared from the paths and the differences are interpreted with respect to the dynamics of the Earth's  tilt, its constant rate of rotation on its axis, and its inconstant rate of revolution about the sun.  Times of observations should not be changed onto Daylight Savings Time.

B.  Photographic
This project involves using telescopes to photograph the sun through special filters.  Observing the sun improperly involves the danger of permanent blindness!  Do not elect this project if you cannot follow directions about safe observing.

This project involves photographing the sun to record sunspot activity on at least two separate occasions, and using both a reflecting telescope and a refracting telescope on each occasion.  Thus a minimum of four proper exposures of the sun are required for successful completion of the project.  The photographs will be taken through solar filters on both the refracting and reflecting telescope.  No observing of the sun through unfiltered telescopes or unfiltered finder scopes is permitted.  Equipment necessary: 35mm single lens reflex camera and cable release.  Camera adapters, telescopes, and solar filters will be provided.

II  Nighttime Projects
A.  Visual Projects 

1.  Counting the stars in the night sky

This project involves counting the stars in several small samples of the sky and multiplying the number of stars so counted by an appropriate factor so that the count for the total area of the sky (41,253 square degrees) can be estimated.  Students working on this project should anticipate making a count under bright sky conditions, as in the city of Bethlehem, and under dark sky conditions.  Both counts should be made using data recording pages that will be provided.  This project can only be done on moonless nights.

2.  Plotting the moon's orbit

Students who do this project should observe the position of the moon relative to the background stars and plot that position on their star charts.  The plot should be to scale and the phase of the moon should be noted in its appropriate orientation.  The date for each position should also be noted.  The data can be analyzed, after a few months have elapsed, in terms of the elements of the moon's orbit.

A cross-staff is useful for measuring the angular separations between the Moon and a few adjacent stars. From two or three of these measurements the position of the Moon can be plotted on a star chart.  An inexpensive cross-staff can be made by fastening a plastic ruler of the sort that fits into a 3-ring notebook binder onto the end of a piece of wooden dowel (or a stick of any kind) that is 57.3 cm (22.5 inches) in length.  String can be used to bend the plastic ruler in an arc concentric about the far end of the dowel.  Pieces of stiff paper (3x5 card) can be mounted as sliders on the ruler.  When sighted from the end of the dowel, the centimeter scale of the ruler measures separations of celestial objects in degrees.  An example of this device will be shown in class.

3.  Measuring the variation in the apparent size of the moon

Students performing this activity should design and construct a piece of equipment to measure the angular diameter of the moon.  The equipment may consist of a stick (yardstick, meter stick, or other) on which an object of an appropriate width can be slid so as to define the size of the moon when the observer sights from the end of the stick.  Conversely, the equipment might be constructed to keep the length constant between the observer and the object which defines the size of the moon, but then the object would have to be able to be variable in size in  order for the measurement to be made.  Since the moon's angular diameter  varies by approximately 7% over the course of each month, the measurements should be made with considerably less than that amount of error, and they should be made when the moon is in  various portions of its orbit (i.e., during  various lunar phases).

4.  Size of the Moon above the horizon

The moon looks larger when it is located just above the horizon than it does when it is overhead.  Why is this?  Is it an optical illusion or is it real?  Does it only happen when the moon is full or does it happen in other phases too?  This project involves designing your own experiment and making the necessary observations to resolve the problem.  The equipment needed is similar to that described in IIA3 above.

5.  Angular Diameter of the Sun, Moon and Planets

Construct a pinhole camera to project the solar image onto a piece of waxed paper.  From the size of the image and the distance to the pinhole, the angular diameter of the sun can  be computed.  For the bright planets and the Moon, the following technique is used:  with an unguided, stationary telescope measure the time it takes for the complete disk of the planet (or full Moon) to cross a cross hair in the eyepiece.  Using the conversion of time to angle, determine the angular diameter of each planet and the full Moon.

6.  Construct and use a sextant to determine your location on the earth.
You will need to look up books on navigation and the construction of navigational equipment.  An excellent resource is a book by Dennis Fisher, Latitude Hooks and Azimuth Rings:  How to Build and Use 18 Traditional Navigation Navigation Tools, McGraw Hill, 1995.  This book is in our library.
II  Nighttime Projects (continued)
B.  Photographic Projects
1.  Photographs of the constellations

Students who perform this activity will be expected to photograph at least 12 constellations of the Winter-Spring skies.  A normal camera and lens may be used, or a telephoto lens may be used on a single lens reflex camera for the smaller constellations.  This assignment does not involve attaching the camera to the eyepiece of a telescope because the magnification produced by a telescope precludes representing an entire constellation within a single field of view.  The photographs may be taken by mounting the camera on  a normal tripod.  Students who elect this activity are expected to supply their own camera, tripod, and film.  A certain amount of trial and error will be involved in producing good exposures.  This activity can only be performed on moonless evenings.  The exposures of one constellation should be varied so that the student can relate the limiting magnitude of the stars on the photograph to the amount of light received by the film.  Exposure guides can be found among the books that deal with astrophotography in the Physics Reading Room.  In general, the lens should be "wide open," the film should be "fast," and the exposures should be varied from 1 second to 1 minute.

2.  Motion of a planet through the stars by analysis of photographs

This activity involves photographing a planet with its surrounding starfield on an exposure which is appropriate for the star, (i.e., the planet is overexposed).  A normal camera lens can be used, but a telephoto lens will produce better results.  Analysis of a succession of such photographs will allow a plot of the path followed by the planet relative to the background stars.  Exposure guides can be found among the books that deal with astrophotography in the Physics Reading Room.

3.  Photographing the variation in the apparent size of the moon

Students performing this activity should take photographs of the moon through a telephoto lens or through one of the school telescopes.  The photographs are taken when the moon is in various phases and are collected over a period of at least one month.  The image of the moon is measured on the negatives to determine the variation in its size with time.  This activity is similar to activity IIA3 but the work is performed photographically rather than visually.

4.  Color of the stars by their brightness through filters

Students who elect this project will photograph one star-rich area of the sky using separately a red filter and a blue filter.  The brightness of each star on the 2 photographs can be compared to determine the color of the star, which is a measure of its temperature.  The star color can then be plotted against the observed brightness to determine the color (temperature)-brightness relationship.  Students who elect this project will need their own single lens reflex camera and tripod; the filters and filter holders will be supplied.

5.  Study the graininess of 3 different films

This project involves photographing the moon with 3 different black-and-white films and examining the negatives under a microscope to determine which film provides the highest resolution of lunar detail.  This project involves photography through the microscope of your film in addition to photography through the telescope.

II  Nighttime Projects (continued)
6.  Evaluating films by using star trails

Several long-exposure photographs are made of large areas of the sky using a "normal" lens on a camera fixed to a tripod.  The section of the sky photographed should include the celestial pole so that the motion of the earth causes stars to appear as streaks; those closer to the pole make shorter streaks than those farther from the pole.  The density of the streaks can be related to the brightness of the star, and the length of the streak can be used to determine the film's light response.

7.  Obtaining spectra of stars with a telephoto lens

A camera with a telephoto lens can be outfitted with a large prism to photograph stars in order to obtain their spectra.  The stars are allowed to drift during the exposure to permit the spectrum to spread across the film.  Spectra of several different bright stars can be obtained and compared.

8.  A study of local light pollution

By using a digital camera which can be set manually for long exposure time and maximum aperture, the local light pollution can be studied from the telescope platform via the technique provided in the article by Tony Flanders, “Measuring Skyglow with Digital Cameras,” which appeared on pages 99 – 104 of the February 2006 issue of Sky and Telescope magazine (vol. 111, no. 2).  The images are to be taken on clear, moonless nights.  Image processing software is required by this project.
9.  Evaluating the colors of stars by trailing defocused star images

This project is accomplished by using a tripod-mounted camera with a "normal" lens and color film which is fairly fast.  Stars are allowed to trail across the film with the apparent motion of the sky while the person doing the project defocuses the camera from its original infinity setting in progressive steps in order to spread the stars'  light out on the film.  This project involves photographing at least six different constellations in this way and being able to identify the bright stars on the photographs of each constellation which was photographed.

10.  Photographing Deep-Sky Objects using the camera-tracker

A camera with a normal or telephoto lens and fast film (either black and white or color) can be driven by a tripod-mounted camera tracker to obtain photographs of very faint objects.

11.  Determine your latitude by photographing star trails on your horizon

Star trails intersect  your eastern and western horizons at an angle that is equal to your latitude.  Time-lapse photographs will trail star images and will allow this angle to be measured.  For this project you need both a good view of the horizon and conditions of a dark horizon.
III  Other Projects
Students may suggest other projects or variations of the listed projects.  These must be negotiated with Dr. Gerencher to define what activities the project will involve.  The student must then formalize the project by submitting a project proposal similar to the other project descriptions on these sheets.  The objective of this entire assignment is to have the student gather, organize, and analyze his/her own data about celestial phenomena that he/she is capable of observing.  Student-suggested projects may not be group projects.

