
ASTR 230 ASTRONOMICAL LABORATORY - SPRING 2006

LAB#1
INTR ODUCTION TO TELESCOPES AND OBSER VING TECHNIQUES

Due: Friday, February 24, 2006at 5:00 pm

1 Purp ose

The purposeof this project is to introduceyou to the basiccharacteristicsof telescopesand
familiarize you with observing techniques that you will need for subsequent labs. In the
processof doing this project you will learn to identify constellationsand enjoy observing
several celestialobjects. Initially the lab assistant or instructor will be present to assistyou,
explain things, ¯x things that do not seemto work right, etc., ¡ but in the end you must do
the actual observingand writing of the lab report. Students will observe together in small
groups (2-4), but each person should make and report their own observations. Watching
others is not the way to learn how to observe (though there are somebene¯ts in working
with an experiencedobserver).

This laboratory will take several outsideobservingperiods to complete. An observingperiod
is about 3 hours or more under good (less than 50% cloudy) weather conditions. You are
encouragedto observe as long as you can if you have a clear sky and low humidit y (rare in
Houston!). While all of the observingfor the ¯rst lab can be doneon campus,someof the
exercisessuch asthe DeepSky Observingaremuch easierto do at a dark site such asGeorge
Observatory in BrazosBend State Park. You are encouragedto make a trip to Georgefor
one of their public viewing nights held on the weekends. In addition, you can obtain the
telescopeson any given night for a trip on your own or for campususeby checking out the
telescopes. You can, for example, take the telescopes on a weekend camping venture with
friends into the dark skiesof rural Texas.

Before you begin these great adventures, you will need to read the material assignedin
class,visit the planetarium on your own and work with the computer program Starry Night
(available on the Owlnet Macs).

2 Preparation

Good preparation is essential for successin this and any observingproject. An observational
astronomerusually hasto spendmuch moretime preparing for an observingrun than actual
observing. Beforeyou touch a telescope, you should:

² Carefully read this entire writeup before you go out.

² Do the portions of the lab that don't require a telescope { the planetarium show, working
with the Starry Night program, and constellation identi¯cation.

² Study the star charts in your book and ¯nd out which stars and planets are visible by
going outside your home or collegeif weather permits to check out \what is up there" {
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beforeobservingwith the telescopes.

² Buy yourselfa °ashlight and lab recordbook (preferably with lined or quadrille pages)and
be suresomeonein your group hasa watch with a working secondhand for timing purposes.

² Your time at the telescopewill bespent moree±ciently if you know the basicsof telescopes
(types, magni¯cation, f-ratio, resolution, etc.), the equatorial coordinate system (right as-
cension(RA),declination(DEC), siderealtime (ST), universaltime (UT), meridian, celestial
equator,zenith, etc.), the astronomicalstellar magnitudesystem(apparent magnitude,color
index, etc.), and the nature of \what's up there" (the Moon, planets, star clusters,nebulae,
galaxies,etc.). Most of this will be explained in our weekly lectures,but you may have to
do someoutside reading on your own.

3 Lab Assignmen t

The assignment consistsof several activities that don't require a telescope which are meant
to introduce you to how celestial objects move in the sky and what types of objects are
currently visible. The observingprogram consistsof several exercisesthat ¯rst familiarize
you with the performanceof the C8, and then develop your observingskills by identifying
various objects. Sections3.1 - 3.3 can be done without a telescope, and you should do
these¯rst. Sections3.4 & 3.5 introduce you to the operation of the telescope and can be
completedyour ¯rst night. The remaining portions of the lab can be done on the second
or third nights of observing,while much of the deepsky observingwill needto be done at
GeorgeObservatory south of Houstonor at the CampusObservatory during scheduledclass
observingsessions.

You will needto write up the answers to the questionsin each section in a lab report, so
take good notesabout what you are doing.

3.1 Planetarium (telescop e not required)

Attend a \Starry Night Express" show at the Burke-Baker Planetarium. Theseshows are
typically held daily at 2:30 pm and additionally at 5:00 pm on Saturday and Sunday (call
713-639-4629to verify times). There may be a small fee($5) for the planetarium show.

What to turn in with your report:

² What date did you attend?

² What constellationsdid you recognizein the show?

² Comparethe shape of the constellationsin the planetarium to the real sky. How accurate
were they?

² Comparethe star colors in the planetarium to the real sky. How accuratewere they?

² What advantagesare there to learning the night sky in a planetarium versuslearning them
on the real sky?

² What disadvantagesare there to learning the night sky in a planetarium versuslearning
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them on the real sky?

3.2 Starry Nigh t (telescop e not required)

Starry Night is a very useful Mac/Windows program for studying the sky and identifying
objects for telescopicstudy. It saveshours of work in preparing ¯nder charts and obtaining
current coordinates for both amateur and professionalobserving. It's also fun to play with,
so feel free to explore the night sky via computer simulation beyond what you are directly
instructed to do. You can get plots of the night sky at any placeand at any time of the year
(including thousandsof yearsin the past or the future). It can be usedto ¯nd many objects
by name, show where they are in the sky, make ¯nding charts of the ¯elds where they are
located, show pictures of numerousobjects, animate the motions of the sun-moon-planets,
etc.

You must do this part beforeyou observe. You canwork with the computersoftwareat your
convenience,but do this before beginning your ¯rst outdoor session.You will needabout
1-2 hours to do this, so don't wait until the last minute and think you are going to do this
while observing. Using the programsis good \cloudy night" astronomy fun...

The programis menu-drivenandyou shouldcheck out the variouscommandsin the lists when
you bring the program up. There is oneMac computer in HB 335which you can useto run
Starry Night. There is an icon on the desktopto launch \Starry Night Pro 3.0.3." Addition-
ally, the software is available from Central Mac for thoseof you who have a Mac running OS
9 or OSX with Classicinstalled (evenearlierversionsmay besupported but I am not promis-
ing). If youwish to install it onyour own Mac, goto http://cts.rice.edu/Soft ware/centralmac.html
and follow the instructions there. Finally, the professorhasa versionof Starry Night which
runs on a PC and he can write the installation software to CD if you provide him with a
blank CD-RW. This versionis not the pro, sothe windows that appearwill not be exactly as
described below, but all the samefunctions are available. Contact the professorand provide
him with a CD-RW if wish to pursue this option. Assuming you are using \Starry Night
Pro 3.0.3," ¯rst, you needto make sure the home location is set to Houston. In the small
SN window in the upper left, the current location is given by the latitude and longitude.
To verify this is Houston, click on the word \Lo cation." A new window will pop up with a
picture of the Earth and a red circle showing wherethe current location is set to. To verify
this is Houston, click on the \Lo okup" button and selectHouston. Click \OK." Did the red
circle move? Then click \Set Location." Once the home location is set properly, also make
sure the date and time displayed in the lower left window are correct (if for somereason
the time window in the lower left is not visible, click on the \time" button in the upper left
window). If necessary, you can click on the date or time and changethe valuesusing the
up/down arrows that appear. The extra SN windows displaying information disappear if
you click on the screenbackground or someother program, but they should comeback if
you click on the main Starry Night window.

The sky appearsbeforeyou as it would for the current time. If the time is during the day,
the sky will appearblue with the Sunin yellow. If the time is set to night, you will seea dark
sky and a host of stars and other objects. The grond stretchesbeforeat the bottom in green
to the horizonwith a few treesaslandmarks(note this is not what Houstonreally lookslike).
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The view should startup facing south, with the directions marked on the horizon with little
yellow arrows. East is to the left and west is to the right. As the mouseis moved acrossthe
¯eld, it appearsas a little hand. If you placethe hand on oneof the brighter stars (try the
Sun if the screencomesup displaying a daylight view), the star's (or other type of object)
name, the constellation it appears in, its coordinates, and its distanceshould appear. The
coordinatesare listed asthe RA and Declination of the object, and theseare the coordinates
you will needto usewith the telescope when trying to ¯nd things. If the view you have is
a daytime view, changethe time to sometimetonight, say around 9 pm. Again, you can do
this by clicking on the time in the lower left window and using the up/down buttons that
appear to changethings. Usethe mouseto get information on a few stars that you see.

OK, let's put somehelpful lines up on the sky. Click on \Guides" and select\Equatorial"
and then select \Grid." This should put up a grid of red lines showing lines of constant
RA and Dec. Hit \Guides" again and select\Ecliptic" and then select\The Ecliptic." The
ecliptic will appear in green,but you may not seeit on the screenbecauseit doesnot pass
through the part of the sky currently visible on the screen.Take the mouse(if it doesnot
appear asa hand, click on the hand in the upper left SN window) up to the top center part
of the star screen,making sure it is not on any star or other object. Click the mouseand
hold it down and drag the mousetoward the bottom. This changeswhat part of the sky
you are looking at. Do this until the ecliptic runs through the center of the screen.Now lets
animate the screen.There are a seriesof buttons in the time window at lower left that look
like the play, pause,rewind, etc. button on a VCR. There should be onewith a dot and an
arrow pointing to the right which is green. This is the button that tells the computer to
animate the sky in real time. Next to thesebuttons in a box with a number and units; it
probably reads\003 minutes." This lets you selectwhat time unit to usewhen doing a fast
animation. For example,click on the \min utes" and select\days (solar)." Then click on the
number and enter 1 using the up/down arrows. Then click on the \pla y" button (the single
arrow to the right). Make sure the ecliptic is visible beforeyou start playing. Note what's
moving and what's not, and what's moving the fastest(why?)...what's that big grayish thing
zooming through and changingphases?Do you seeany other objects moving relative to the
stars? Isn't this neat? You have a celestialtime machine here,or moreproperly, a computer
planetarium. You can stop the animation by hitting the \pause" button (the square)before
you get too dizzy, but let it play for at least a year or so.

Back to business;reset the date and time to sometime tonight, say 9:00 pm by clicking
on thesequantities and using the arrows which pop up to changethem. Using the mouse,
move the cursoraround and hit the mousebuttons to get data on variousobjects in the sky,
particularly those colored things... Is the Moon out? If so, what phase?This is what you
are going to seeif you go observingtonight!

Let's get coordinatesfor the objects in Appendix I...Find \Algol" on the screenstarmap and
put the mousecursor on it... WAIT A MINUTE - Algol isn't labeled! No problem, click
on \Selection" and select\Find" In the new window that popsup, type \Algol" in the ¯eld
labelled \Name contains" and hit return. The star ¯eld movesuntil Algol is centered in the
¯eld and labelled. You cannow usethe mouseto get info on Algol, including its coordinates.
Write down the coordinates and other information to usewhen you try to observe it. Do
the samething for all of thoseother namedstars in the Appendix I.
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OK, what about thosedeep-sky\M" objects (from the catalog of Messier{ a comet hunter
in the 18th century who cataloged110 nebulousobjects that fooled other comet hunters).
Click on \Selection" and "Find" and give it somethinglike \M42" and hit return. We now
°y through the sky and zoom in on M42 { it's the Orion Nebula! The zoomedin view shows
what the Nebula looks like through a large telescope. Double click on the little magnifying
glassin the upper left window to zoom all the way back out. If you wish, you can do this for
all of the other Messierobjects, though somemay not have pictures stored (try the planets
too). So far, we have been looking up info on speci¯c stars and other objects and when
selectingthem with the mouse,you will seewhat constellation they appear in. You may
also want to show the constellations themselves on the sky. This is done by clicking on
\Guides" and selecting\Constellations" and then selectingwhat it is you want displayed,
such as\b oundaries,"\lab els," etc. When exiting Starry Night, it will askyou if you want to
save changesyou have made. This is up to you, but pleasedo not resetany of the program
\preferences"sincethis may make the program behave very di®erently than described above
for the next user.

What to turn in with your lab report:
1. A statement that you have gonethrough all the stepsin the previousparagraphs.Include
the coordinatesof the bright stars in Appendix I. Describe motions of moving objects when
you `animate'.
2. A list of the constellationsin which each of the planets, Sun, and Moon appearedin on
the date and time of your birth, and a description as to where/if each planet was visible in
the night sky.

After pursuing this exercise,I hope you now seejust how much there is to study \up there"
and how convenient it is to preparefor telescope observations using computer software and
databases. Now comesthe hard (but enjoyable) part: going into the cold dark night and
observingthe real stu®!

3.3 Constellations (telescop e not required)

Use the starmaps in your books to ¯nd at least one dozenconstellationsand the brightest
dozen or so stars. Try to ¯nd these stars and constellations in the sky. If you were not
able to ¯nd a particular star or constellation, was it becauseit never rises from Houston,
becauseit was up at a later or earlier time, or someother reason? Note the date, time,
location (campus,GeorgeObservatory etc.) the sky conditions including: the % of the sky
coveredby clouds,any haze,moonlight and interfering street lights. Now locate the faintest
star you can seewith the naked eye (no telescope). Find it on your star chart and record
its magnitude. This will be the limiting magnitude and should be mentioned in your lab
writeup. Later, whenyou go to a dark site outside the city, recordand comparethe limiting
magnitude at this site with the limiting magnitude in Houston. Review the constellations
and stars during subsequent observingeveningsuntil you know many of them well.

What to turn in with your report:

1. Your list of constellationsand stars, and any speci¯cs related to your observations as
described above.
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2. The limiting magnitude.

3.4 Basic Observing Setup

We will start using the telescopes in small groups the secondweek of class. Most of the
telescopicwork in this 1st lab will bedonewith oneof our 2 8-inch Celestron(C8) telescopes.
No more than 2 peoplewill be working with oneof theseat a time, sowe can accomodate a
total of 4 at a time for the ¯rst part of the lab whereyou are learning to set up the telescope
and start observing.The professorswill watch the weatherconditionsand sendout an email
announcement whenthe sky lookspromising. The ¯rst 4 peopleto respond will then be able
to observe that night. The goal is to get you comfortable observingwith the C8s so that
later in the semester,you can usethem on your own. It will almost certainly be necessary
to schedulemore than onenight to completeall parts of the lab, and nights may well be lost
due to weather(a plaguefor professionalstoo). Do not leave this to the last week{ schedule
and observe early.

3.4.1 Setting up the Telescope

In the metal box next to the CampusObservatory dome(keepthe combination to the lock
con¯dential please)you will ¯nd boxeslabeled:

Essentials: Take this box outside along with the telescope. The box contains everything
you should normally needto observe { eyepieces,diagonals,telescope bolts and wrenches,a
grey power cord for the telescope, and an orangeextensioncord.

Heaters: A blow dryer in caseit is humid and your lensesfog up (try using the large black
dewcap over the end of the telescope), and a coupleof heater coils if the temperature drops
to near or below freezingand the gearsno longer move smoothly.

Power Cables and Driv es: Extra power cablesand extensioncords. Also a drive box
that can be useful for centering objects at high magni¯cation, but you can usethe telescope
without this box.

Large Tools & Small Tools: Various tools.

Misc.: Pleaseleave this box aloneunlessinstructed otherwise.

{NOTE{ It took sometime to organizeall this stu®, so pleasebe considerateand return
everything to whereyou got it from. This will help your fellow students who usethe facility
after you.

AND

C-8 Telescope (2): Lift carefully from the bottom or hold onto the fat part of the fork. Do
not grab hold of the ¯nders (small telescopeson the side)or the eyepieces.Avoid all contact
with the optical surfacesof the telescope (lenses,mirr ors, eyepieces). Do not put your hands
or ¯ngers on the clear glasscorrective plate at the end of the telescope. If dewforms on this
surface, do not wipe it o® (you could haveused our dewcaps!). Instead, if you anticipate a
high humidity night, usethe \hair dryer" on the end of the tube. Mount the baseof the C8
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onto the circular ring of the wedgeusing three screwsto secure.

Note on moving (slewing) the C8 optical tube (the main scope): The C8 has RA and DEC
clampssuch that the telescope should not be \slewed" (moved large distancesby hand) in
RA or DEC with theseclampstightened. The DEC clamp is locatedat the top of oneof the
forks and the RA clamp is located at the basebetween the forks. The appropriate clamp
must be loosened when slewingthe telescope and tightened when you ¯nd the object in the
¯nder. Slow motion knobs for both axesare located at the baseof the fork and should be
usedfor ¯ne centering of objects. Theseknobsare to be usedto move the telescope whenthe
RA and DEC clampsare locked. The drive will not work unlessthe RA clamp is tightened.
Note also that you should check that the DEC movement rod (on the inside of one of the
forks) is approximately located in the middle of the tread of the DEC slow motion screw
(adjust if necessary).

3.4.2 Finder Alignmen t (can be done at dusk)

Before you power up the C8 it is wise to check to seethat the ¯nder scope and the main
scope are aligned. Put a low magni¯cation eyepiecein the C8 (25 { 50mm focal length)
and ¯nd somedistant terrestrial light (a street light or the illuminated cornerof a building),
being careful to loosenthe RA and DEC clampsbeforeslewing. First put the object in the
center of the ¯nder. Then look through the eyepiece,adjusting the objective's focusingknob
if the object is out of focus. Is the object centered in the eyepiece¯eld of view? If yes,
then the ¯nder and main scope are aligned. Most of the time they will not be aligned, so
while viewing through the main scope's eyepiece,move the telescope around until you can
center your object of interest in the main telescope's ¯eld of view. Now look back into the
¯nder. The crosshairs should be on the center of the object if the two scopesare aligned.
If not, adjust the position of the ¯nder scope until the crosshairs are on the object which
is at the center of the ¯eld of view in the main telescope eyepiece.Remember if you tighten
one screwyou must loosenone of the others at the sametime to move the ¯nder without
damagingit. This may take somee®ortand you might have the lab assistant help the ¯rst
time. This alignment is somethingyou must check at the beginning of the night or if you
bump the ¯nder scope during the night.

Once the ¯nder and C8 optical axis are aligned, you can power the internal drive by: (1)
plugging the extensioncord into the power outlet at oneend and the drive corrector at the
other end; (2) plugging one end of the grey C8 power cord into the baseof the C8 and the
other end into the output of the drive corrector. You should then hear the C8 drive motors
humming. Make sure that the drive corrector is set to the siderealrate. Note that a drive
corrector is not absolutely essential for most of the tasks in this lab. If no working drive
corrector is available just plug the grey C8 cord directly into a power outlet.

Note that onceyou start looking at celestialobjects you may have to changethe focusof the
telescope. It is easyto focuson a bright star; you simply adjust the knob next to the center
eyepiecetube until the star appearsassmall aspossible.DO NOT FORCE THIS KNOB...
if you ¯nd resistance,turn it in the other direction!
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3.4.3 Pole Alignmen t

Now you have to align the polar axis of the C8 to the NCP (North Celestial Pole). This
is painful at ¯rst, but gets easierthe more you do it. Find the pseudo-NorthStar, Polaris
(the Pole Star), in the sky. Set the C8 tube parallel to the fork (the DEC setting circle
should read 90 degreesor so, but useyour eagle-eye to check this). Now move the trip od
or wedgewith the telescope clampstightenedsuch that Polaris is approximately centered in
the ¯nder. The nameof the gamehere is to adjust the trip od-wedge(and possiblyalso the
telescope tube parallelismto the fork) such that you canrotate the telescope in its polar axis
(RA clamp looseplease!) through 180 degreesor so such that Polaris stays approximately
centered in the ¯nder. To arrive at this result, one may have to adjust the wedgeand/or
tube parallelism. Think while you are doing this and remember that it really can be done
in just a few minutes with practice. If you ¯nd that you are getting nowhere,have the lab
assistant help you.

Sometimesthe DEC dial will not read correctly. If it is only o®by a degreeor so, simply
add the appropriate o®setto the coordinateswhenyou are looking for an object. Otherwise,
rotate the C8 so the two sidesof the fork mount are vertical and move the wedgeup and
down so Polaris is centered. Then rotate the C8 90 degreesin RA and move the tube to
recenter Polaris (after adjusting the azimuth by rotating the baseof the wedgeso Polaris
passesthrough the center of the ¯nder when you move the tube vertically (in DEC); then
using a phillips screwdriver, loosenthe DEC circle (screw, don't strip it!) and rotate it to
90 degreesand tighten carefully.

3.4.4 Setting Circles

Onceyou think that the C8 is satisfactorily aligned to the pole, it is time to set and check
the setting circles, the dial readouts in RA and DEC. To do this you will have to ¯nd a
bright star you can locate with your eye and for which you can get known coordinates. See
the suggestedlist of bright stars in Appendix I and get the coordinatesof thesestars ahead
of time from the Peterson'sguide or from Starry Night, center oneof them in the C8, check
the DEC circle readingand if it is o®,adjust or (easier)write down the error and compensate
other future settings. Note the DEC circles on the two sidesof the fork won't necessarily
read exactly the same. Now set the RA circle (move it by hand) to the star's RA. Next
carefully move the telescope (blindly) to the DEC and RA coordinatesof another bright star
about 90 degreesaway in the sky (adjusting for the DEC circle error, if necessary).Is it in
the ¯nder? Is it in the telescope ¯eld (low magni¯cation)? If it is not, you goofed! First try
another star pair. If that fails, then you will have to go back to the NCP alignment process
(or check to seeif the circlesare slipping). After you are successful,record the namesof the
stars you used and mention them in your writeup along with a generaldiscussionof how
easyor di±cult it was to accomplishthe polar alignment.

Onceyou have con¯dencein the circles,almost anything that can be seencan be found (in
a low magni¯cation eyepiece)by setting the circlesto the coordinatesof a star (centered in
the C8) near an object, then moving to the coordinates of the object. Care and practice
is all it takes! Note that once you havethe telescope polar aligned DO NOT moveor bump
the wedgewhile completing the rest of your observations.If you do move the wedgeyou will
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have to realign it. At this point, you may continue on if you have time and begin observing
the objects listed in each of the following sections. When you ¯nish observing,make sure
everything goesback exactly whereyou found it, nothing is left, and all doors are locked.

It is always a good idea to record in your lab book where you are located, the beginning
and ending time of your observingsessionaswell as the conditions of the sky. Estimate the
amount (%) of cloud cover, point out the presenceor absenceof man-madelight sources,
the temperature (if you know it), humidit y (low, medium or high basedon the dew on the
telescope!) and whether or not the wind was strong enoughto rock the telescope. If sky
conditions changesigni¯cantly during the observingsessionalsonote that.

What to turn in with your report:

1. Descriptionsof your procedure,success/failurewith the tasks described in the preceding
four subsections.

3.5 Lo cal Sidereal Time

Beforeyou go to the telescope, synchronizeyour watch with UniversalTime or Central Time
by using the National Institute of Standard'sclock available under the `assignments' link on
the coursehomepage(http://www.ruf.rice.edu/ » cmj/astr230/astr230.html).

The local sidereal time (LST) is de¯ned to be the RA of stars crossingthe meridian at
your location. It varies with location and date (Why?). A rough estimate of the sidereal
time can be made by locating a star which is both high up in the sky and which can be
identi¯ed by you so that its RA and DEC are known from Peterson'sbook or someother
source(Starry Night). Center the star in the eyepieceof the C8. Adjust the RA circle so
that it readsthe RA of the star (use1997or 2000coordinatesdependingon what is available
in your reference).Now slewthe telescope in the Right Ascensionaxis only (do not change
Declination) until the two endsof the fork are horizontal (usethe small blue level in the tool
box). Recordthe siderealtime that you found from the RA circle and and the time (CDT,
CST or UT) from your watch. Estimate the accuracywith which you wereable to determine
the local siderealtime basedon the accuracywith which you can read the RA dial (§ how
many min, sec).

When it is time to write up your lab report you will usethe UT and local time to calculate
the LST, and compareit to the value you read o®of the C8 RA dial.

What to turn in with your report: 1. Descriptionasto how you measuredLST experimentally.
2. Your calculationsof LST, and comparisonwith your observed value.

3.6 Telescope Parameters (magni¯cation vs. ligh t gathering power)

The magni¯cation of a telescope objective-eyepiececombination is equal to the ratio of the
focal length of the telescope divided by the focal length of the eyepiece,wherethey are both
in the sameunits sotheir ratio is a dimensionlessquantit y. The focal lengthof the C8 is 2032
mm. Note that the focal length of eyepiecesare always written on them in mm. Calculate
and record in your lab book the magni¯cation of each of your eyepieceswhen usedwith the
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telescope. Include thesemagni¯cation valuesin your lab report.

Now you are to determine the sizeof the ¯eld of view (in arc seconds)of your highest and
lowest magni¯cation eyepiece.Put your lowest magni¯cation eyepiecein the C8 and ¯nd a
star relatively high above the horizon and ascloseaspossibleto the celestialequator where
DEC=0 ± (check Starry Night or another referenceaheadof time). Now measurethe ¯eld
of view of your lowest magni¯cation eyepieceby letting the star \trail" through the widest
diameterof the eyepiecē eld. Do this by centering the star in the eyepiecē eld of view, turn
o®the drive and seehow it moves. With the drive still o®then usethe RA slow motion knob
to move the star so it is just barely outside the easternedgeof the eyepiecē eld. Time how
long it takesto move all the way acrossthe middle of the ¯eld of view to the westernedge.
You will needa watch with a secondhand to do this. Now insert the highest magni¯cation
eyepieceand repeat the steps,recordinghow long it takesto move acrossthe ¯eld.

For your writeup you will want to calculatethe sizeof the ¯eld of view for each of thesetwo
eyepieces.You can do this as follows: For a star on the celestial equator, the conversions
from time units (units of RA) to angular units (secondsof arc) are 1 hour = 15 degrees;1
min = 15 arcmin, 1 sec= 15 arc sec. For a star o® the equator, you will have to make a
declination correctionto the above relations (seebelow). You canquickly do the calculations
now or wait to do it during your writeup. In your writeup comparethe sizeof the ¯elds of
view of thesetwo eyepiecesto their magni¯cations you calculatedabove.

If your telescope drive hasbeen o®for more than a few minutes, your RA dial wil l no longer
be accurate. Reset the RA dial to the RA of the star you are observingbefore moving the
telescope. The DEC dial shouldnot need adjusting.

Finally, put the low magni¯cation eyepiecein the telescopeandgoto a star whosecoordinates
you know and is near declination 60± or as closeto that as you can get. Once you have
centered the star turn o®the drive and repeat the timing procedurefor this new star. You
only needto do this for oneof the eyepieces,either your low or high power onesfrom above.
You should ¯nd that the time it takes for the star to drift acrossthe ¯eld is noticeably
longer. In fact, for stars o®the equator with declination (±), the relation betweenRA time
units and angular units changes(Why?), such that the angular units in the above equatorial
relations have to be multiplied by cos(±). In your writeup show this is true by comparing
your observations for the star at the equator with the star at a declination of 60±, keeping
in mind that your ¯eld of view in the eyepiecedid not change,so the conversion from time
to angular units is di®erent.

Once again, if your drive hasbeen o®for more than a few minutes, recalibrate your RA dial
to the coordinates of the new star and turn on the drive.

Find an emissionnebula, such as the Orion Nebula (M 42) (use circles and coordinates
if necessary)using a low magni¯cation eyepiece(the 32 mm Plossel is suggested). Use a
sheetof paper or notebook to slowly cover the objective (have a friend hold it) and seehow
the surfacebrightness of the nebula decreases.For a ¯xed focal-length or magni¯cation,
the surfacebrightness should vary with the telescope's light gathering area. Record your
observations in your lab book.

Now put in a higher magni¯cation eyepiece(e.g., » 9mm or so) and observe the nebula;
noticehow much fainter its surfacebrightnessgetsand how the stars look (larger? blurrier?).
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Recordyour observations. What doesthis tell you about the relative importanceof telescope
light gatheringpower comparedwith magni¯cation \p ower" for observingextendeddeep-sky
objects? Remember this if you ever buy a telescope. Next insert the \nebular" ¯lter, the
greeneyepiece¯lter. Comparethe appearanceof the nebula to what you saw earlier. Is the
contrast better? Why? Note that a nebular ¯lter blocks out man-madesodium and mercury
emissionlines, but lets in light betweenthosewavelengths.

Another important characteristic of a telescope when it comesto viewing or photographing
extendedobjects is the f/ratio = focal length of telescope divided by the objective diameter.
From the information you have about the C8 (or C11) what is its (unitless) f/ratio? Suppose
the f/ratio of the C8 was f/5 (but it still had an 8-inch objective); would the Ring Nebula
and other extendeddeep-skyobjects appear brighter or fainter through a given (say 32 mm)
eyepiece? If you were a deep-skyfanatic (that is you were interested in mostly observing
faint extendedobjects such asnebulaeand galaxies)would you buy an f/5 or f/10 telescope
of a given objective sizefor observingthem? Note that we alsohave a \fo cal reducing lens"
which makesthe f/10 C8 a f/5.6 telescope. Attach this (carefully) to the back of the C8, put
in the sameeyepieceas above (32mm or so) and reobserve the nebula. Doesit look smaller
comparedto direct viewing with the sameeyepiece? Does it look brighter? Record your
comments.

What to turn in with your report:
1. Your ¯eld of view calculation for both low and high power eyepieces.Calculations of the
power for each.
2. Your timings of stars on the celestialequator and at ± = 60±. Appropriate comments.
3. Description as to what happens to the nebula as you a) cover the objective, b) change
the magni¯cation, c) usethe nebular ¯lter, and d) usethe focal reducer.
4. Answer the focal ratio questionregardingdeepsky objects.

3.7 Resolving Power and Astronomical Seeing

The atmospherelimits the e®ective resolvingpower of ground-basedtelescopes. The theoret-
ical resolvingpower (RP) of a telescope in radianscan be computedby RP = 1.22̧ /D. The
wavelengthof the observed light, ¸ , and D, the telescope objective diameter, must be in the
sameunits. If ¸ = 5500ºA (greenlight) and D is the telescope objective diameter in inches,
the resolving power of a telescope in secondsof arc (1 radian = 206,265arc sec)becomes
RP(arcsec)= 5.6/D(inches). Derive this result in your writeup. What is the theoretical
resolvingpower (in greenlight) of the C8 in arc seconds?

Now let us see how closewe can get to this theoretical resolvingpower when limited by the
Earth's atmosphere.

When light passesthrough the atmosphereit is refracted and scattered, such that images
are degradedwith blue light being a®ectedmore than red. To seethis, ¯rst ¯nd a bright
star near the horizon and observe it through a high magni¯cation eyepiece(» 9mm or so).
Seethe colors separate(refraction) and how it is blurry and wiggles(scattering). This is
why stars \t winkle" (¯nd Sirius or Canopusfor the most spectacular examples). Look at
the horizon star through blue and red ¯lters attached to the high magni¯cation eyepiece.If
the star is bright, it should be de¯nitely larger and more blurry through the blue ¯lter. Is
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it? Recordyour observations.

Seeingis de¯ned as the apparent diameter of a stellar disk asviewed through the telescope.
Becausestarsaresofar away, they shouldappearaspoints of light without size. However, the
atmospheredistorts and spreadsout the incoming light such that the stars have a diameter
called the \seeingdisk" or simply \seeing", which is measuredin angular secondsof arc (00).
The better the seeing,the smaller this value. Typical valuesin the Houston area might be
2-5 arcsecondsbut you may ¯nd the seeingto be better or worsethan this dependingon the
weather.

Quantitativ e estimatesof actual seeingusing the eye are very subjective. The best way to
determineseeingis to observe a double star of known separation(using their separationas
a \ruler" to compare the stellar diameters). Excellent examplesthat are up in the win-
ter/spring skiesare listed at the end of this handout. Observe with a rangeof eyepiecesto
seewhich one works best at separating the closepairs. Can you seethe individual stars?
What eyepiecemagni¯cation gives the best view? What would you estimate the \seeing"
(de¯ned asthe apparent stellar imagesize)to be? Try the red and blue ¯lters againand see
if the separationis better seenthrough the red ¯lter. Try observingtwo or three of the other
double stars from your list. Calculate the seeingfrom each one of them. Do you notice a
degradationin seeingfor stars lower in the sky? Why would you expect this to happen?

What to turn in with your report:

1. The derivation described above.
2. The seeingestimateand how you measuredit.
3. The best choiceof eyepiecesfor the seeingestimate.
4. The e®ectof seeingas the objects set.
5. The e®ectof color on seeing.

3.8 Lunar and Planetary Observing

You should observe the Moon with the C8 at your earliest opportunit y. Read Ch. 5 in
Muirden and/or look in the PetersonField Guide before beginning your lunar observations.
The best time to observe details on the Moon is near 1st and 3rd quarter, but do not wait
too late in the semesterto completethis part of the lab.

Observe the Moon with both low power and high power eyepieces.It might help if you use
oneof the eyepiecē lters, especially the red ¯lter, for improving the seeingand reducingthe
surfacebrightnessof the Moon. Sketch the featuresyou seethrough the low power eyepiece
and at least one region through the high power eyepiece.Recordany comments about the
featuresasyou observe. Discusstheir color, shadingand sharpness.In your lab writeup you
should write a paragraphor two about your lunar observations basedon thesecomments.

When you pick out featuresto observe on the Moon, you may be interested in looking for
those that have somegeologicsigni¯cance. For example, large faults called grabens often
occur alongthe edgesof the Mare, and arecausedwhenheavy lava in the Mare subsidesand
the edgesof the basinare pulled apart. The Moon alsohasmany rilles, which are lava tubes
that may have oncefed basaltic lunar basins. Several interesting cratersalsoexist wherethe
impact occurredat a grazingangleand left a highly elliptical scar. Notice how somecraters
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sit on top of rays from other craters, indicating that the rayed crater impacted ¯rst. Mare
also have `wrinkle ridges' that form as the lava subsides.You might try magnifying one of
the shadows from the lunar mountains to seewhat the shape of the mountain looks like.
Over the courseof a few hours you can watch as the shadow gradually changesits length.
You are witnessingthe sunriseon another world.

Planets usually do not twinkle like the stars do. Locate and observe one of the naked-eye
planets. Does it twinkle? Why do you think the planets do not twinkle? If you can not
¯gure this out, think about how a planet appearsin a telescope comparedto a star. Even
distant planets like Uranus and Neptunedo not twinkle through a telescope ...why (are they
visible now?)?

Currently, among the planets, Jupiter and Saturn are very bright and well placed in the
evening sky. Venus and Mars are currently morning objects and are fairly easyto observe
around 6 am. Consult the monthly magazines,Sky and Telescope or Astronomy, in the
library or ¯nd them on the web or use Starry Night to seewhere to look for the planets.
Check out what Jupiter and the othersshouldlook like in the PetersonGuide, then sketch at
least two of them in your lab book. What doesVenus look like? Comment on the appearance
of Jupiter's and/or Saturn's surface,{ do you seeany belts, spots, polar caps,etc.? Note the
subtle colorsof features. How many moonsof each planet you can observe? How prominent
are the rings of Saturn? Draw a picture of how the solar systemlooks right now as viewed
from the north ecliptic pole, and show why certain planets are visible in the morning and
others in the evening.

What to turn in with your report:

1. Sketch of your lunar observations, description of what you found using the di®erent pow-
ers.
2. Identi¯cation of someof the featuresyou observe.
3. Similar observations of the planets you found.
4. Answer the twinkle question.
5. Draw the solar systempicture.

3.9 Deep Sky Observing

The deepsky observingcanbe donewith the C8, but is far moreexciting to do with the C11
or computerizedMeade10-inch (especially at a dark site) or with the CampusObservatory
16-inch and video equipment.

At the end of this writeup in Appendix I is a list of several \deep sky" objects (star clusters,
nebulae,and galaxies). Locate at least ¯v e of theseand note their appearanceincluding a
sketch in your notebook. Observe them with a variety of eyepieces(or with eyepiecesand
the video equipment for the 16-inch) and note which oneseemsto give the best view of each
object. For nebulae,try using the nebula ¯lter to seeif it really does give better contrast
betweenthe object and the sky background.

What to include in your report:

1. A paragraphor two on each DeepSky object as to what it is, how far away, the size,age,
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etc.
2. Sketch the object and compareits appearancewith the Peterson'spicture.
3. Speci¯cs of the observation.

4 Lab Rep ort

Writing good project reports, just like publishing papers for real scientists, is a necessary
part of life in order to obtain proper recognition and credit for study or research done.
Therefore, don't hurt yourself by turning in poorly-written reports. If you wish, talk with
your instructor or lab assistant about pointers on how to write a good report. Furthermore,
you are given speci¯c suggestionsbelow about the format and what to include.

Every experiment or research project is di®erent, and somust be the report. Someare very
quantitativ e, others are qualitativ e and descriptive. Whatever the casemay be, the best
generaladvice is to outline what you did and then describe the results that you obtained
(including failures), by writing a smoothly °owing narrative. The aim of this narrativeshould
be to provide a completebut concisedescription of what you did such that a new student
who reads it would get an accurate idea of what the lab is about. Do not short-change
yourself by doing all the work in the lab and then not spending the time and e®ortwriting
up a good report. Remember also that while you should answer all questionsand include
all relevant material in your writeup, the length of your report is not always an indication
of how well it is written.

A suggestedreport outline for this follows.

1. PURPOSE

{ State in your own wordswhat do you considerto be the purposesof this project. Be rather
speci¯c regardingthe variousgoalsand experiments. A well-written paragraphsu±ceshere.

2. EQUIPMENT

{ Make a table of the dates,times that you observed and whereyou werelocated,with some
notesabout weather conditions each night (clouds, haze,humidit y, etc.).

{ Provide a list of the equipment used.

{ Describe in detail the basicsetup of the telescope(s) using a diagram or drawing if appro-
priate.

{ Note any problemsencountered with the equipment.

3. RESULTS & ANALYSIS

{ Answer the questionsposedabove.

4. CONCLUSIONS

{ Try to draw conclusionsregardingyour experiencesin using the telescopesand performing
the various tasks. Speci¯cally, what worked well and what did not?

{ What did you learn and/or discover? Did you fail at anything and why?

5. REFERENCES
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{ Include a list of referencesat the endof your narrative of written material and/or \quotes"
from your helpful sta®.

6. EVALUATION

{ Projects like this one evolve and hopefully improve. Any suggestionson improving the
project and/or the writeup are solicited. Thesedo not a®ectyour grade, so feel free to be
frank in your evaluation of the project and suggestions.

Finally, we urge everyone to try to type or word processthe basic text of their report, with
drawings, equations,etc. written in as appropriate. The original observational notes and
data can be photocopiedand attached to the end of the report as an appendix.

APPENDIX I { SuggestedObjects for January-February Observingin the Houston area

Below are suggestedobjects for the various parts of the observing laboratory appropriate
for January and February. Use Starry Night to get further information on them (e.g., co-
ordinates,magnitudes,identi¯cations, pictures). You can substitute any other bright stars,
binaries,etc., for those listed below.

Bright stars for calibrating setting circles:

{ Aldebaran, Algol, Alpherat, Betelguese,Capella, Procyon, Regulus,and Sirius (pick two
widely separatedin sky)

DoubleStars for seeing determination:

µ Ori (in M42; a quadruple with all stars » 6th mag, closestseparationis 8.7")
¸ Ori (3.7, 5.7, 4.4")
° Leo (2.4, 3.6, 4.4")
® Gem (1.9, 2.9, 3.9")
³ Ori (1.9, 5.5, 2.6")
´ Ori (3.7, 4.8, 1.4")

{

Beautifully coloreddouble: ° And (2.3, 5.1, 10.0")

Moon:

² Third Quarter: Jan 21st, Feb 20th; New: Jan 28th; First Quarter: Feb 4th; Full: Feb
12th.

Planets:

² Jupiter: Visible in the East late night/early morning. Overheadabout 7:30am.

² Saturn: Visible in the East in the evening. Overheadabout 1 am.

² Venus: Risesabout 6:30am, the morning star.

² Mars: Overheadabout an hour after sunset.

² Uranus, Neptune, and Pluto: ...¯nd out whereusing Starry Night!

² Mercury: { the \catch me if you can" planet! (why? whereis it?)

Deep Sky Objects (clusters, nebulae,galaxies,asteroids):
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² Our favorites are:

! M42 (HI I region, the Orion Nebula),

! M44 (old open cluster; The Beehive),

! Pleiades(\Seven Sisters", a young open cluster)

! h and Â Persei(Young double open cluster)

! M35, 36, 37, & 38 (nice open clustersin Aur and Gem),

! NGC 2392(the \Eskimo" planetary nebula, faint, hasvisible central star)

! M31 (The AndromedaGalaxy).

! M82 (Starburst galaxy in UMa, a late evening object).

! Many other excellent Messierobjects available also... explore!

! or... seeif you can ¯nd an asteroid!
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