ASTR 230 ASTRONOMICAL LABORATORY - SPRING 2006

LAB#1
INTR ODUCTION TO TELESCOPES AND OBSERVING TECHNIQUES

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

1 Purp ose

The purposeof this project is to introduceyou to the basic characteristicsof telescogsand
familiarize you with observingtechniquesthat you will needfor subsequen labs. In the
processof doing this project you will learn to identify constellationsand enjoy observing
se\eral celestialobjects. Initially the lab assistan or instructor will be presen to assistyou,
explain things, x things that do not seemto work right, etc., i but in the endyou must do
the actual observingand writing of the lab report. Studerts will obsene togetherin small
groups (2-4), but ead personshould make and report their own obsenations. Watching
others is not the way to learn how to obsene (though there are somebene ts in working
with an experiencedobsener).

This laboratory will take se\eral outside observingperiodsto complete. An observingperiod

is about 3 hours or more under good (lessthan 50% cloudy) weather conditions. You are
encouragedo obsene aslong asyou canif you have a clear sky and low humidity (rare in

Houston!). While all of the observingfor the rst lab can be done on campus,someof the
exercisesut asthe DeepSky Observingare much easierto do at a dark site suc asGeorge
Obsenatory in BrazosBend State Park. You are encouragedo make a trip to Georgefor
one of their public viewing nights held on the weelends. In addition, you can obtain the
telesco@son any given night for a trip on your own or for campususeby cheding out the
telescos. You can, for example,take the telescoms on a weelend camping verture with

friends into the dark skiesof rural Texas.

Before you begin these great adverntures, you will needto 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 preparationis essetial for successn this and any observingproject. An obsenational
astronomerusually hasto spend much moretime preparing for an observingrun than actual
observing. Before you touch a telescope, you should:

2 Carefully read this ertire writeup before you go out.

2 Do the portions of the lab that don't require a telescoge { the planetarium show, working
with the Starry Night program, and constellationiderti 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 chedk out \what is up there" {



before observingwith the telescopes.

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

2 Your time at the telescog will be spert more exciently 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 magnitude system(apparert 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 explainedin our weekly lectures, but you may have to
do someoutside reading on your own.

3 Lab Assignment

The assignmen consistsof se\eral activities that don't require a telescog which are meart

to introduce you to how celestial objects move in the sky and what types of objects are
currertly visible. The observingprogram consistsof se\eral exercisesghat rst familiarize
you with the performanceof the C8, and then dewelop 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 telescom 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

GeorgeObsenatory south of Houston or at the CampusObsenatory during sdheduledclass
observingsessions.

You will needto write up the answersto the questionsin ead sectionin a lab report, so
take good notesabout what you are doing.

3.1 Planetarium (telescop e not required)

Attend a \Starry Night Express" showv at the Burke-Balker Planetarium. Theseshaws are
typically held daily at 2:30 pm and additionally at 5:00 pm on Saturday and Sunday (call
713-639-462%0 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 showv?

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

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

2 What advantagesarethere to learningthe night sky in a planetarium versuslearning them
on the real sky?

2 What disadwantagesare there to learning the night sky in a planetarium versuslearning



them on the real sky?

3.2 Starry Night (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 coordinatesfor both amateur and professionalobserving. It's alsofun to play with,
sofeel free to explorethe 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 canbe usedto nd many objects
by name, shav wherethey are in the sky, make nding charts of the elds wherethey are
located, show pictures of numerousobjects, animate the motions of the sun-man-planets,
etc.

You must do this part beforeyou obsene. You canwork with the computer software at your
corvenience,but do this before beginning your rst outdoor session.You will needabout
1-2 hoursto do this, sodon't wait until the last minute and think you are goingto do this
while observing. Using the programsis good \cloudy night" astronony fun...

The programis meru-drivenand you shouldched out the variouscommandsn the lists when
you bring the program up. There is one Mac computerin HB 335which you canuseto run
Starry Night. Thereis anicon 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 (evenearlier versionsmay be supported but | am not promis-
ing). If youwishto install it onyour own Mac, goto http://cts.rice.edu/Soft ware/certralmac.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
describted below, but all the samefunctions are available. Contact the professorand provide
him with a CD-RW if wish to pursue this option. Assumingyou are using \Starry Night
Pro 3.0.3," rst, you needto make surethe homelocation 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 shaving wherethe current location is setto. To verify
this is Houston, click on the \Lo okup" button and selectHouston. Click \OK." Did the red
circle move? Then click \Set Location.”" Oncethe homelocation 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 necessaryyou 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 screenbadkground or someother program, but they should comebad if
you click on the main Starry Night window.

The sky appearsbeforeyou asit would for the current time. If the time is during the day,
the sky will appearblue with the Sunin yellow. If the time is setto night, you will seea dark
sky and a host of stars and other objects. The grond stretchesbeforeat the bottom in green
to the horizonwith afewtreesaslandmarks(note this is not what Houstonreally lookslike).



The view should startup facing south, with the directions marked on the horizon with little
yellow arrows. East is to the left and westis to the right. As the mouseis moved acrossthe
“eld, it appearsasa little hand. If you placethe hand on one of the brighter stars (try the
Sunif the screencomesup displaying a daylight view), the star's (or other type of object)
name, the constellationit appearsin, its coordinates, and its distance should appear. The
coordinatesare listed asthe RA and Declination of the object, and theseare the coordinates
you will needto usewith the telescom whentrying 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
appearto changethings. Usethe mouseto getinformation 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 shawing lines of constan
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 screenbecauset doesnot pass
through the part of the sky currertly visible on the screen. Take the mouse(if it doesnot
appear as a hand, click on the hand in the upper left SN window) up to the top certer part
of the star screen,making sureit 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 certer 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 ernter 1 usingthe up/down arrows. Then click on the \play" 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 changing phases?Do you seeany other objects moving relative to the
stars? Isn't this neat? You have a celestialtime madine here,or more properly, 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 leasta year or so.

Badk to business;resetthe date and time to sometime tonight, say 9:00 pm by clicking
on these quartities and using the arrows which pop up to changethem. Using the mouse,
move the cursoraround and hit the mousebuttons to get data on various objects in the sky,
particularly those coloredthings... Is the Moon out? If so, what phase? This is what you
are goingto seeif you go observingtonight!

Let's get coordinatesfor the objectsin AppendixI...Find \Algol" on the screenstarmap and
put the mousecursoron it... WAIT A MINUTE - Algol isn't labeled! No problem, click
on \Selection" and select\Find" In the newwindow that popsup, type\Algol" in the eld
labelled \Name cortains" and hit return. The star eld movesuntil Algol is certeredin the
“eld and labelled. You cannow usethe mouseto getinfo on Algol, including its coordinates.
Write down the coordinates and other information to usewhen you try to obsene it. Do
the samething for all of those other namedstars in the Appendix I.



OK, what about those deep-sky\M" objects (from the catalog of Messier{ a comet hunter
in the 18th certury 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 shavs
what the Nebulalooks like through a large telescoge. Double click on the little magnifying
glassin the upper left window to zoom all the way bad out. If you wish, you cando this for
all of the other Messierobjects, though somemay not have pictures stored (try the planets
too). So far, we have beenlooking up info on speci ¢ stars and other objects and when
selectingthem with the mouse,you will seewhat constellation they appear in. You may
also want to shawv the constellationsthemseles on the sky. This is done by clicking on
\Guides" and selecting\Constellations” and then selectingwhat it is you want displayed,
sud 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®erettly than described above
for the next user.

What to turn in with your lab report:

1. A statemert that you have gonethrough all the stepsin the previousparagraphs. Include
the coordinates of the bright starsin Appendix I. Describe motions of moving objects when
you "animate'.

2. A list of the constellationsin which ead of the planets, Sun, and Moon appearedin on
the date and time of your birth, and a description asto where/if ead planet was visible in
the night sky.

After pursuing this exercise,| hope you now seejust how much there is to study \up there"
and how cornvenient it is to preparefor telescog obsenations 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)

Usethe starmapsin your booksto nd at least one dozenconstellationsand the brightest
dozenor sostars. Try to nd thesestars and constellationsin the sky. If you were not
ableto nd a particular star or constellation, was it becauseit newer risesfrom Houston,
becauseit was up at a later or earlier time, or someother reason? Note the date, time,
location (campus, GeorgeObsenatory 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 telescom). Find it on your star chart and record
its magnitude. This will be the limiting magnitude and should be mertioned in your lab
writeup. Later, whenyou goto a dark site outside the city, record and comparethe limiting

magnitude at this site with the limiting magnitude in Houston. Review the constellations
and stars during subsequeh 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 obsenations as
described above.



2. The limiting magnitude.

3.4 Basic Observing Setup

We will start using the telescopsin small groups the secondweek of class. Most of the
telescopicwork in this 1stlab will be donewith oneof our 2 8-inch Celestron(C8) telescoges.
No morethan 2 peoplewill be working with one of theseat a time, sowe can accomalate a
total of 4 at atime for the rst part of the lab whereyou are learningto setup the telescope
and start observing. The professorswill watch the weather conditions and sendout an email
announcemehwhenthe sky looks promising. The rst 4 peopleto respond will then be able
to obsene that night. The goal is to get you comfortable observingwith the C8s so that
later in the semesteryou can usethem on your own. It will almost certainly be necessary
to sthedulemorethan onenight to completeall parts of the lab, and nights may well be lost
dueto weather (a plaguefor professionalgoo). Do not leave this to the last week{ sdedule
and obsene early.

3.4.1 Setting up the Telescope

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

Essentials: Take this box outside along with the telesco. The box cortains everything
you should normally needto obsene { eyepiecesdiagonals,telescop bolts and wrendes,a
grey power cord for the telescog, and an orangeextensioncord.

Heaters: A blow dryerin caseit is humid and your lensesfog up (try usingthe large black
dewcap over the end of the telescog), and a couple of heater coils if the temperature drops
to near or below freezingand the gearsno longer move smaoothly.

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

Large Tools & Small Tools: Varioustools.
Misc.: Pleaseleave this box aloneunlessinstructed otherwise.

{NOTE{ It took sometime to organizeall this stu®, so pleasebe considerateand return
ewverything to whereyou got it from. This will help your fellow studerts 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 telescoson the side) or the eyepieces.Avoid all contact
with the optical surfaces of the telesope (lenses,mirr ors, eyepiees). Do not put your hands
or ngers on the clear glasscorrective plate at the end of the telesope. If dewforms on this
surface, do not wipe it o® (you could haveusel our dewcaps!). Instead, if you anticipate a
high humidity night, usethe \hair dryer" on the end of the tube. Mount the baseof the C8



onto the circular ring of the wedgeusing three screwsto secure.

Note on moving (slewing) the C8 optical tube (the main smpe): The C8 hasRA and DEC
clampssud that the telescoge should not be \slewed" (moved large distancesby hand) in
RA or DEC with theseclampstightened. The DEC clamp s located at the top of oneof the
forks and the RA clamp is located at the basebetweenthe forks. The appropriate clamp
must be loosen&l when slewingthe telescope and tightened whenyou nd the object in the
“nder. Slov motion knobs for both axesare located at the baseof the fork and should be
usedfor ne certering of objects. Theseknobsareto be usedto move the telesco whenthe
RA and DEC clampsare locked. The drive will not work unlessthe RA clamp s tightened.
Note alsothat you should ched that the DEC movemer rod (on the inside of one of the
forks) is approximately located in the middle of the tread of the DEC slov motion screw
(adjust if necessary).

3.4.2 Finder Alignmen t (can be done at dusk)

Before you power up the C8 it is wiseto chedk 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 streetlight or the illuminated corner of a building),

being careful to loosenthe RA and DEC clampsbeforeslewing. First put the object in the
certer of the nder. Then look through the eyepiece,adjusting the objective's focusingknob
if the object is out of focus. Is the object certered 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 telescog around until you can
certer your object of interest in the main telescog's eld of view. Now look bad into the
‘nder. The crosshairs should be on the certer 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 certer of the eld of view in the main telesco eyepiece.Remenber 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 assistan help the rst

time. This alignmert is somethingyou must ched at the beginning of the night or if you
bump the nder scope during the night.

Oncethe nder and C8 optical axis are aligned, you can power the internal drive by: (1)
plugging the extensioncord into the power outlet at one end 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 endinto the output of the drive corrector. You should then hearthe C8 drive motors
humming. Make surethat the drive corrector is setto the siderealrate. Note that a drive
corrector is not absolutely essetial 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
telescop. It is easyto focuson a bright star; you simply adjust the knob next to the certer
eyepiecetube until the star appearsas small aspossible. DO NOT FORCE THIS KNOB...
if you nd resistanceturn it in the other direction!



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 getseasierthe moreyou do it. Find the pseudo-North Star, Polaris
(the Pole Star), in the sky. Setthe C8 tube parallel to the fork (the DEC setting circle
should read 90 degreesor so, but useyour eagle-eg to ched this). Now move the trip od
or wedgewith the telescop clampstightened sud that Polaris is approximately certered in
the nder. The name of the gamehereis to adjust the trip od-wedge(and possibly also the
telescop tube parallelismto the fork) sud that you canrotate the telescoge in its polar axis
(RA clamp looseplease!) through 180 degreesor so sud that Polaris stays appraximately
certered 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 remenber that it really can be done
in just a few minutes with practice. If you nd that you are getting nowhere, have the lab
assistan 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 sothe two sidesof the fork mount are vertical and move the wedgeup and
down so Polaris is certered. 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
passeghrough the certer of the nder when you move the tube vertically (in DEC); then
using a phillips screwdriwer, 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 alignedto the pole, it is time to set and chedk
the setting circles, the dial readoutsin RA and DEC. To do this you will haveto nd a
bright star you can locate with your eye and for which you can get known coordinates. See
the suggestedist of bright starsin Appendix | and get the coordinates of thesestars ahead
of time from the Peterson'sguide or from Starry Night, certer one of them in the C8, chek
the DEC circlereadingandif 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 telescoge (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? Isit in the telescog eld (low magni cation)? If it is not, you goofed! First try
another star pair. If that fails, then you will have to go bad to the NCP alignmert process
(or ched to seeif the circlesare slipping). After you are successfulrecordthe namesof the
stars you used and mertion them in your writeup along with a generaldiscussionof how
easyor dixcult it wasto accomplishthe polar alignmert.

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 coordinates of a star (certered 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 telesope polar aligned DO NOT move or bump
the walgewhile completing the rest of your observations.If you do move the wedgeyou will



have to realignit. At this point, you may cortinue on if you have time and begin observing
the objects listed in eat of the following sections. When you nish observing, make sure
ewverything goesbad 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 endingtime of your observingsessioraswell asthe conditions of the sky. Estimate the
amourt (%) of cloud cover, point out the presenceor absenceof man-madelight sources,
the temperature (if you know it), humidity (low, medium or high basedon the dew on the
telescop!) and whether or not the wind was strong enoughto rock the telescope. If sky
conditions changesigni cantly during the observingsessioralso note that.

What to turn in with your report:

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

3.5 Local Sidereal Time

Beforeyou goto the telescom, syndronize your watch with UniversalTime or Certral Time
by usingthe National Institute of Standard'sclock available under the “assignmets' link on
the coursehome page (http://www.ruf.rice.edu/ » cmj/astr230/astr230.html).

The local siderealtime (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 sothat its RA and DEC are known from Peterson'sbook or someother
source(Starry Night). Certer 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 telescog 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 wereableto determine
the local siderealtime basedon the accuracywith which you canreadthe RA dial (8§ 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 measured_ST experimertally.
2. Your calculationsof LST, and comparisonwith your obsened value.

3.6 Telescope Parameters (magni cation vs. light gathering power)

The magni cation of a telescope objective-eyepiececombination is equalto the ratio of the
focal length of the telescoge divided by the focal length of the eyepiece wherethey are both
in the sameunits sotheir ratio is a dimensionlesgjuartity. The focal lengthof the C8 is 2032
mm. Note that the focal length of eyepiecesare always written on them in mm. Calculate
and recordin your lab book the magni cation of eat of your eyepiecesvhen usedwith the



telescope. Include thesemagni cation valuesin your lab report.

Now you are to determinethe sizeof the eld of view (in arc seconds)of your highestand
lowest magni cation eyepiece.Put your lowest magni cation eyepiecein the C8 and nd a
star relatively high above the horizon and as closeas possibleto the celestialequator where
DEC=0* (ched Starry Night or another referenceaheadof time). Now measurethe eld

of view of your lowest magni cation eyepieceby letting the star \trail" through the widest
diameter of the eyepiece eld. Do this by certering the star in the eyepiece eld of view, turn

o®the drive and seehow it moves. With the drive still o®then usethe RA slov motion knob
to move the star soit is just barely outside the easternedgeof the eyepiece 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 eadh of thesetwo
eyepieces. You can do this as follows: For a star on the celestial equator, the corversions
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 eyepiecedo their magni cations you calculated above.

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

Finally, put the low magni cation eyepiecen the telesco and goto a star whosecoordinates
you know and is near declination 60" or as closeto that asyou can get. Once you have
certered the star turn o®the drive and repeat the timing procedurefor this new star. You
only needto do this for oneof the eyepiecesgither 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 (1), the relation betweenRA time
units and angular units changes(Why?), sud that the angular units in the above equatorial
relations have to be multiplied by cos). In your writeup shaow this is true by comparing
your obsenations 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,sothe conversionfrom time
to angular units is di®eref.

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, sud as the Orion Nebula (M 42) (use circles and coordinates
if necessary)using a low magni cation eyepiece(the 32 mm Plosselis suggested). Use a
sheetof paper or notebook to slovly 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
obsenations in your lab book.

Now put in a higher magni cation eyepiece(e.g., » 9mm or so) and obsene the nebula;
notice how much fainter its surfacebrightnessgetsand how the starslook (larger? blurrier?).
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Recordyour obsenations. What doesthis tell you about the relative importance of telesco
light gathering power comparedwith magni cation \p ower" for observingextendeddeep-sky
objects? Remenber this if you ever buy a telesco. Next insert the \nebular" Tter, the
greeneyepiece lter. Comparethe appearanceof the nebulato what you sawv earlier. Is the
cortrast better? Why? Note that a nebular Tter blocks out man-madesadium and mercury
emissionlines, but lets in light betweenthose wavelengths.

Another important characteristic of a telesco when it comesto viewing or photographing
extendedobjectsis the f/ratio = focal length of telescog 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 wasf/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 interestedin mostly observing
faint extendedobjects suth asnebulaeand galaxies)would you buy an f/5 or f/10 telescom
of a given objective sizefor observingthem? Note that we also have a \fo cal reducinglens”
which makesthe /10 C8 a f/5.6 telescog. Attach this (carefully) to the bad of the C8, put
in the sameeyepieceas above (32mm or so) and reobsene the nebula. Doesit look smaller
comparedto direct viewing with the sameeyepiece? Doesit look brighter? Record your
commerts.

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 ead.

2. Your timings of stars on the celestialequator and at + = 60*. Appropriate commerts.

3. Description asto what happensto the nebula as you a) cover the objective, b) change
the magni cation, c) usethe nebular Tter, and d) usethe focal reducer.

4. Answer the focal ratio questionregardingdeepsky objects.

3.7 Resolving Power and Astronomical Seeing

The atmospherdimits the e®ectie resolvingpower of ground-basedelescoges. The theoret-

ical resolvingpower (RP) of a telescop in radians can be computedby RP = 1.22 /D. The

wavelength of the obsened light, , , and D, the telescop objective diameter, must be in the

sameunits. If | = 55004 (greenlight) and D is the telescope objective diameter in inches,
the resolving power of a telesco 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 atmosphee.

When light passeghrough the atmosphereit is refracted and scattered, sud that images
are degradedwith blue light being a®ectedmore than red. To seethis, rst nd a bright
star near the horizon and obsene 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 Tters attachedto the high magni cation eyepiece.|f
the star is bright, it should be de nitely larger and more blurry through the blue Tter. Is

11



it? Recordyour obsenations.

Seeingis de ned asthe apparert diameter of a stellar disk as viewed through the telescope.
Becausestarsare sofar away, they shouldappearaspoints of light without size. Howeer, the
atmospheredistorts and spreadsout the incoming light sud that the stars have a diameter
called the \seeing disk" or simply \seeing", which is measuredin angular secondsof arc (.
The better the seeing,the smallerthis value. Typical valuesin the Houston areamight be
2-5arcseconddut you may nd the seeingto be better or worsethan this dependingon the
weather.

Quartitativ e estimatesof actual seeingusing the eye are very subjective. The best way to
determine seeingis to obsene a double star of known separation(using their separationas
a \ruler" to comparethe stellar diameters). Excellert examplesthat are up in the win-
ter/spring skiesare listed at the end of this handout. Obsene with a range of eyepieceso
seewhich one works best at separatingthe closepairs. Can you seethe individual stars?
What eyepiecemagni cation givesthe best view? What would you estimate the \seeing"
(de ned asthe apparen stellar imagesize)to be? Try the red and blue Tters againand see
if the separationis better seenthrough the red Tter. Try observingtwo or three of the other
double stars from your list. Calculate the seeingfrom ead 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 descrited above.

2. The seeingestimate and how you measuredit.

3. The best choice of eyepiecedor the seeingestimate.
4. The e®ectof seeingasthe objects set.

5. The e®ectof color on seeing.

3.8 Lunar and Planetary Observing

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

Obsene the Moon with both low power and high power eyepieces.lt might help if you use
oneof the eyepiece lters, especially the red Tter, for improving the seeingand reducingthe
surfacebrightnessof the Moon. Sketch the featuresyou seethrough the low power eyepiece
and at least oneregion through the high power eyepiece. Record any commers about the
featuresasyou obsene. Discusstheir color, shadingand sharpness.In your lab writeup you
should write a paragraphor two about your lunar obsenations basedon thesecommerts.

When you pick out featuresto obsene on the Moon, you may be interestedin looking for
those that have somegeologicsigni cance. For example, large faults called grabens often
occur alongthe edgesof the Mare, and are causedwhen heary 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. Seweral interesting craters alsoexist 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 asthe lava subsides.You might try magnifying one of
the shadavs from the lunar mountains to seewhat the shape of the mountain looks like.
Over the courseof a few hours you can watch asthe shadav gradually changesits length.
You are witnessingthe sunriseon another world.

Planets usually do not twinkle like the stars do. Locate and obsene one of the naked-eye
planets. Doesit twinkle? Why do you think the planets do not twinkle? If you can not
“gure this out, think about how a planet appearsin a telesco@ comparedto a star. Even
distant planetslike Uranus and Neptune do not twinkle through a telescoge ...why (are they
visible now?)?

Currently, among the planets, Jupiter and Saturn are very bright and well placedin the

evening sky. Verus and Mars are currertly morning objects and are fairly easyto obsene
around 6 am. Consult the monthly magazines,Sky and Telesope or Astronomy, in the

library or nd them on the web or use Starry Night to seewhereto look for the planets.
Ched out what Jupiter and the othersshouldlook like in the PetersonGuide, then sketch at

leasttwo of them in your lab book. What doesVeruslook like? Commert onthe appearance
of Jupiter's and/or Saturn's surface,{ do you seeany belts, spots, polar caps,etc.? Note the

subtle colorsof features. How many moons of eat planet you can obsene? How prominert

are the rings of Saturn? Draw a picture of how the solar systemlooks right now as viewed
from the north ecliptic pole, and shov why certain planets are visible in the morning and

othersin the ewvening.

What to turn in with your report:

1. Sketch of your lunar obsenations, description of what you found using the di®eren pow-
ers.

2. Identi cation of someof the featuresyou obsene.

3. Similar obsenations of the planets you found.

4. Answer the twinkle question.

5. Draw the solar systempicture.

3.9 Deep Sky Observing

The deepsky observingcan be donewith the C8, but is far more exciting to do with the C11
or computerizedMeade 10-inch (especially at a dark site) or with the CampusObsenatory
16-indh and video equipmert.

At the end of this writeup in Appendix | is a list of seweral \deep sky" objects (star clusters,
nebulae,and galaxies). Locate at least v e of theseand note their appearanceincluding a
sketch in your notebook. Obsene them with a variety of eyepieces(or with eyepiecesand
the video equipmern for the 16-inch) and note which oneseemsdo give the bestview of eath
object. For nebulae,try usingthe nebula Tter to seeif it really doesgive better cortrast
betweenthe object and the sky badkground.

What to include in your report:
1. A paragraphor two on ead DeepSky object asto 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 obsenation.

4 Lab Report

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

Every experimert or researt project is di®erern, and somust be the report. Someare very
guartitativ e, others are qualitative and descriptive. Whatever the casemay be, the best
generaladvice is to outline what you did and then descrike the results that you obtained
(including failures), by writing a smaoothly °owing narrative. The aim of this narrative should
be to provide a complete but concisedescription of what you did suc that a new studert

who readsit would get an accurate idea of what the lab is about. Do not short-change
yourselfby doing all the work in the lab and then not spending the time and e®ortwriting

up a good report. Remenber 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 suggestedeport outline for this follows.
1. PURPOSE

{ Statein your own wordswhat do you considerto be the purposesof this project. Be rather
speci ¢ regardingthe various goalsand experimerts. A well-written paragraphsuzceshere.

2. EQUIPMENT

{ Make a table of the dates,times that you obsened and whereyou werelocated, with some
notes about weather conditions eat night (clouds, haze,humidity, etc.).

{ Provide a list of the equipmen used.

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

{ Note any problemsencourered with the equipmen.
3. RESULTS & ANALYSIS

{ Answer the questionsposedabove.

4. CONCLUSIONS

{ Try to draw conclusionsregardingyour experiencesn usingthe telescomsand performing
the varioustasks. 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 end of your narrative of written material and/or \quotes"
from your helpful sta®.

6. EVALUATION

{ Projects like this one ewlve 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 everyoneto try to type or word processthe basictext of their report, with
drawings, equations, etc. written in as appropriate. The original obsenational notes and
data can be photocopiedand attached to the end of the report as an appendix.

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

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

Bright stars for calibrating setting circles:

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

Double Stars for seeing determination:

M Ori (in M42; a quadruplewith 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 Verus: 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 meif you can" planet! (why? whereis it?)

Deep Sky Objects (clusters, nebulae,galaxies,asteoids):
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Our favorites are:
M42 (HII region, the Orion Nebula),
M44 (old open cluster; The Beehiw),
Pleiades(\Seven Sisters", a young open cluster)
h and A Persei(Young double open cluster)
M35, 36, 37, & 38 (nice open clustersin Aur and Gem),
NGC 2392(the \Eskimo" planetary nebula, faint, hasvisible certral star)
M31 (The Andromeda Galaxy).
M82 (Starburst galaxy in UMa, a late evening object).
Many other excellenn Messierobjects available also... explore!
or... seeif you can nd an asteroid!
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