Astro Lab TA Handbook

General Notes:

For each lab, you will need four lab packets and 1 question packets per table.  In addition, the following are supplies needed and general points for each lab.

Labs Included:

Solar Heating

Jupiter’s Moons Lab 1 (design the observing plan)

Jupiter’s Moons Lab 2 (analyze the data)

Spectroscopy
Impacts

Extra Terrestrial Life

Under Pressure

H-R Diagram Lab 1 (how light works)

H-R Diagram Lab 2 (analyzing a cluster of stars)

X-ray Supernovae

Galaxy Classification
Hubble Law [currently old CLEA lab; will be updated for Zooniverse soon]

Labs we have not been doing recently:

Measuring the Sky [intro to the term project]

Mapping the Solar System (The View From Earth)

Drake Equation
Expansion of the Universe (CLEA version)

Term Project
General Troubleshooting:

If laptops won’t let people log on probably too many people didn’t log off. They will need to restart the computer and kick everyone off. Error message is usually “not enough logon resources” but may vary.

Logger pro: If another student is logged onto the computer & has logger pro up it will not work.  You will need to restart the computer to kick the other student off.

MAKE SURE TO REMIND STUDENTS TO LOG OFF OR SHUT DOWN

DON’T JUST CLOSE LAPTOP

Solar Heating

Supplies per table:

Laptops x 2 (two makes it easier, can do one if needed)

Demo: big flashlight (in the Astro Supplies drawer)

Teaching points:

Troubleshooting:

Jupiter’s Moons:  Part 1

Supplies per table:

Laptops

Rulers

Protractors  (not necessary but you can if you like for the estimating orbital periods)

Write website on the board: http://phys.stthomas.edu/MoonsOfJupiter/
calculators

Teaching points:

Note:  This lab takes the whole time!  Make sure students stay on tasks!
Review Kepler’s Laws

Try to get students to work toward an observing plan centered around Europa or Ganymede.  Io is too short; Callisto is too long.  We do not have much old data for Io and Callisto, if we wind up having to use old data.

As they watch the moons in the simulation part they should see that they move slowly further out and quickly close in.  They should have covered Kepler’s laws in lecture by this point and want to attribute this motion to that.  It’s important that they understand this is merely a projection effect in this case (use other words), and not the actual physical motion of the moons.

Troubleshooting:

Java very frequently breaks. Hopefully it will be fine but sometimes it won’t be and you will need to add an exception to the java list. Jon-Erik can help with this if needed.  Sometimes if it is working the day before and not that day you may need to do the circular motion piece as a demo for the whole class.
Jupiter’s Moons:  Part 2
Supplies whole class:

Laptop at the front (instructor logged in)

· Connect to projector

· Instructor download data

· Instructor fill out the Excel file with the File/Dates/Elapsed Hours (do this ahead!)  Bring this spreadsheet up on the computer at the front of the class for everyone to enter their data into.  Students do not need to bring up their own spreadsheet.
Supplies per table:

Laptops

Calculators

Teaching points:

Note:  This lab takes the whole time!  Make sure students stay on tasks!

Important notes:

· Get them downloading the data even before the class starts if possible to reduce internet load times. Or use USB with files.
· Students MUST “extract all” from the zip file, as the program will not work in compressed format.

· Divide the data so that each group is doing 2-3 observation nights

· It’s best to get students started on measuring right away, help them by modeling how to do it (as below). Then after you can discuss/remind them what you’re doing (a short intro sentence to remind them is fine but not a long introduction).

Modeling the measurements:
Open the (unzipped) folder with the Jupiter Data.  In it you will see several files.  The program is in the folder ds9 and called ds9.exe.  You can ignore any other files in that folder.  The image files are the *.fits files in the original data directory.  The region file which has the measuring tool is Measure.reg.

· Open the program ds9/ds9.exe

· Open one of the image files (file ( open).  If you have an extra observation file that you can model the whole thing for, use that one.
· Go to Region ( Load regions.  Open the Measure.reg file.  You will see a coordinate system overlain on Jupiter and a triangle.  The triangle is your measuring tool (the hypotenuse gives you the number of pixels it is long).  Click anywhere in the middle of the tool to get the        cursor.  This lets you move it around.  You want one end on the moon, and the other end on the centerline (parallel to the horizontal coordinate system axis).  To move just one end look for the arrow.  There is a zoom box in the upper right corner so you can see your placement better.  
· “Measure” Jupiter’s diameter.  I am never very precise with this: tell students to be as precise as they can, write all the values on the board and take the average to enter in the spreadsheet (and on their lab papers).

· Show them a similar measurement of a moon.  Emphasize that to the left they must record the negative sign and to the right it’s positive.  Show them how to enter into excel (correct file name!)  Then turn them loose in measuring their assigned data.  You may now fill in the rest of your “extra” data or erase the ones you just entered and let students 
· It does not matter which moons get recorded in which column as long as the data from the right file is recorded in the correct row.

Troubleshooting:

· Students should not double click on the Measure.reg file!!!  Important!!!  This must be opened from within the program.  (In Windows, a .reg file is a registry key and may really mess up the computer.  They shouldn’t have permissions to alter the registry but just in case…)
· Students will not realize that the data starts with 0.  So you must tell them “You are doing File ZERO and ONE, and then the next group is doing TWO and THREE…” etc.
· Students no longer need to use excel in this lab apart from entering the data at the front.  However, students may have trouble distinguishing between the row number and the filename: they must enter the data for the correct filename.
· If they change the scale of the image before measuring Jupiter, they will need to re-load the image.  (be sure to change the scale back to linear before reloading)
· Students need to make the measuring tool parallel to the horizontal axis

· Callisto can be hard to find when it is far from Jupiter.  Look along the plane of the other moons and fiddle with the scaling (instructor: Right click and move the mouse around for finer scaled image control, only if it’s hard to see).  

· Sometimes a moon is in front of Jupiter, in which case you could try to find the shadow and use that.  Sometimes it’s behind Jupiter, in which case you’re out of luck (but know it’s at least roughly near zero).
Teaching points:

· Remind them of the graph from Lab 1

· Kepler’s 3rd Law

· We are using special units (AU and years) to get the mass in Solar Masses

· Graphing:

· Must go positive and negative each time

· Draw a smooth curve

· Do not connect the dots

· Should go the same amplitude and period the whole time

Spectroscopy
Setup:

Note: I’ve had students complain that this lab gives them (literal) headaches or triggers migraines.  If they are having trouble, tell them it’s ok to stop and let labmates measure.

Incandescent lights (around the room for help seeing the numbers in the spectroscopes as well as measuring the spectrum)

Fluorescent light (or they can use the overhead / hallway lights)

Supplies per table:                   carousel key and comparison spectra (3 laminated sheets)

Spectra tubes carousels

4 spectroscopes

colored pencils

calculator

Teaching points:

· Demonstrate using the spectroscopes.  If calibration is required tell them to have you help or they can mess up the spectroscopes, which are surprisingly expensive.

· Blackbody curve:  Draw and explain how temperature and size change parameters

· Emission and Absorption lines: Explain the physics (Bohr model atom is fine)

· Wein’s Law

· The intensity (luminosity, magnitude, brightness) vs. wavelength (color, temperature, frequency) graph is a difficult concept for them.  This bears repeating often.

· Most of this lab after the mini-lecture is observing time.  Sometimes I have them make all the measurements first before doing the calculations for table 2.

· When calculating frequencies, students may forget to convert their observation in nanometers to meters.

· When trying to figure out what gases might be in the fluorescent lights, students will not realize that if a gas is present all of its lines must be.  So they will find something that is “close” but might have an extra line that they do not see (e.g. something with yellow when no yellow is present).  However, once you get them to realize that can’t be in there, they will not make the jump to it being possible if the fluorescents have more lines than the gas, because the fluorescent is a mix of gases.  This bears checking with each group.

· The stellar observations are in Angstroms, rather than nanometers.  Tell them they can just chop off a zero to get to nanometers (4100 Å = 410 nm).

· Star 6 has a peak wavelength off the graph; this is a good talking point about detectors and how detection limits can impact observations if there is time.  All peak wavelengths are going to be estimates.  These are real stars! 
Demo:  optional, if you feel like it but it’s a nice illustration of the points
· Laptop

· Fancy spectrometer from modern lab  (use Spectra Suite software)

· Frosted incandescent bulb (white): shows a nice blackbody spectrum

· Frosted incandescent bulb (blue): shows a blackbody with absorption lines (show 2nd) (talk about why they are not as sharp/spikey as the emission lines)

· One of the carousels:  any of the atomic gases, show the emission lines
Impacts
Supplies per table:

in the stockroom

box of sand

2-meter stick or two 1-meter sticks

three ball bearings of different masses

in the classroom

ruler 
compass

calculators
flashlights (astro supplies)

Supply for everyone:

digital scale to measure the ball bearing masses (in the stockroom)
Teaching points:

· ergs vs. other measures of energy (1 erg = a grasshopper pushup)
· General energy discussion (types of energy)

· Write energies in scientific notation (makes graphing easier)

· Measure heights from the top of the sand! (since that’s where it impacts)

· How to measure craters (make sure get full diameter; measure peak to peak)

· best fit line (if not already covered)
· DON’T DO 2 METERS

· NO HUMAN ERROR (I like to give the example of getting on the wrong bus in the morning – yes it’s human error, but not relevant. Be precise!)

· Many have never seen log-log paper.  Tell them to ask you for help when they get to the graphing portion.  Walk them through one of the data points
· transferring the line (this is the major source of error)

· Make sure that the students are thinking of physical reasons why their answer is different at the end in addition to measurement errors or experimental errors.

· Use flashlights from the side to make shadows so can see the crater better

· Things that can go wrong:

· using crater diameter to calculate the PE 
· drawing the best fit line

· transferring the line

· giving a “push” or “pull” to the ball as they drop it

· dropping from the wrong height

· difficulty measuring the crater size (measure crest to crest, use a compass to find the largest diameter then measure with the ruler.)

· crater is not circular (means they pushed/pulled it to the side)

· Differences with the geologists’ prediction:

· Hitting rock vs. sand (less important than you’d think)

· Other energy transfers (melting; sound; kinetic moving of earth; etc.)

· Asteroid coming in with initial KE instead of from zero KE (biggest one)

· Burning up in atmosphere

· Last 2 questions:

· What is speed? (distance/time).  How long take to go around once?  How far is it? (you want them to get circumference eqn, and that r = 1 AU)

· If you have them use the geologists # for energy, all answers are the same
Under Pressure
Supplies per table:

in the room

Laptop

Vernier interface box
Thermometer or temperature probes
graph paper

ruler

Clamp

Table clamp

90 degree clamp

metal rods x2

stockroom

Large beaker

hot plate

Erlenmeyer flask

Pressure sensor (should have a cork too)

It’s helpful to have a few extra beakers by the sink so students can bring water to fill theirs after the setup is in place.

Teaching points:

· Discuss making the graph big enough.  A good graph here is necessary to make a good prediction.  

· Students want to put zero on the graph but they can’t do that and have a meaningful graph.  This is a good time to mention that graphs show the useful part, and you don’t always have to have 0,0 on the graph.
· They may need a reminder about “best fit lines” 

· Students have trouble with cause and effect in question 2, and solving the equation for question 3.  Question 4 doesn’t usually cause much trouble.

There is a lot of “dead” time as the temperature rises.  At the same time they need to be paying attention to record data. If you want you can discuss topics could be:

· Pressure

· Hydrostatic equilibrium 
· Relation to solar system formation or solar physics

· The idea of absolute zero and what it means 

Troubleshooting tips:

· Logger Pro will not recognize some or all of the sensors if another student is logged on and has logger pro up and running.  If another student is logged onto the computer the fastest solution is just to reboot the computer.    
· Most common problem is the cork is not tight. They need to have the stopcock open when they shove it in or it won’t be tight. Also, students tend to be afraid they’ll break the beaker and so won’t shove it in very tight. If you can get it to about ¼ inch only outside the flask, the seal should be good.

· Do not let the rubber tube touch the hot plate.  This will also blow the seal.

· The flask should not be touching the beaker.

· Be sure the temperature is going up at a reasonable rate. They will go too fast sometimes and then their gas to not be in equilibrium wit the water
· Be sure they are taking measurements every 4-5 degrees, not a set period of time
· The thermometer can sit on the bottom of the beaker. If using the temperature probe, it must be in the water, not touching the bottom or beaker.
Extra-terrestrial Life / Life in the Universe
HR Diagram Lab 1:  Measuring Temperature & Distance Remotely
This lab needs serious revision & different equipment.
Supplies per table:

In the classroom:

Calculators

Graph paper x 2
Ruler
Meter sticks

LED light

Vernier lab pro

Vernier light sensor

Upright stand + rod

Claw clamp

Laptops

Filters

OWS 168 modern equipment:
Fancy spectrometer 

OWS 169 cabinet
Variac 

LED light 
Stockroom

Lab Jack

Incandescent (filament) light

Teaching points:

· Talk about the H-R diagram.  Again with the axes. (Luminosity/Brightness/Magnitude vs. color/wavelength/frequency/spectral class).  Remind them that magnitude goes backwards with faint stars having big numbers and bright stars with small numbers.  
· Graphing the 1/d2 is not too challenging but you will need to explain to students to graph everything as if it is x 10-4.  E.g. if the numbers are 0.01 to 0.0004 write these as 100 x 10-4 to 4 x 10-4.  This will make graphing easier (the whole axis will be x 10-4).
· When the go to calculate their mystery distance, then, remind them 

HR Diagram Lab 2
Supplies per table:

Laptops x 2

· Remind about color filters and color index, reference Lab 1 or Zooniverse

· Talk about the H-R diagram.  Again with the axes (Luminosity/Brightness/Magnitude vs. color/wavelength/frequency/spectral class).  Remind them that magnitude goes backwards with faint stars having big numbers and bright stars with small numbers
· Discuss how stellar evolution (particularly off the main sequence) causes a star’s position to change on the H-R diagram.  I usually do low-mass star in detail and then a quick high mass star comparison (including explosion via neutrinos).

· We want them to understand that most of the stars in the galaxy are faint red ones.

· They should divide up taking data and share when they each get half the stars. They really do need 100 stars to make this work.
· Make sure they get data for faint stars! They need the main sequence and this is an old cluster.

· The very upper right (bright stars) of the image are not in the cluster.

· It is possible for this lab to go very quickly if they divide up the labor.  But, all students need to know what each part is, so if they do this make sure that they’re discussing the different sections later.

Nucleosynthesis (X-raySNe)
Supplies per table:

Laptops

Teaching points:

· I believe knot 3 is a little trickier, so two groups should do that one.

· A quality of fit of 0.7 is pretty good; it’s hard (but not impossible) to get better than that.  The best I’ve seen is 0.45.

· Sometimes they can get into a state where any adjustment makes it worse.  In this case entirely reset, or take one of the variables far away and then back in again.

· Write the data for all the knots on the board

· Always fun to have a discussion about how explosions are messy and/or remind them about the process of a supernova!

Galaxy Classification
NOTE:  This lab works best if the Hubble sequence has NOT been covered in lecture yet.

Supplies per table:

Galaxy Cards

Laptops

Teaching points:

· After they have come up with their own classification, put up the Hubble Sequence on the board (using the extra galaxy cards).

· It could be fun to have the students put up their classification scheme up and have the class discuss the merits of each one.  

· Students may come up with the top-down model or the bottom-up model depending on what material they’ve had in lecture already.  Discuss both models as a class.

· They should be able to make a connection between blue stars ( young and red ( old by now.

Expansion of the Universe

This lab is not yet written – coming soon!
Supplies per table:

Teaching points:

· Students should realize that the reason this graph must go through 0,0 is that we are not moving away from ourselves (distance=0 is here)

· Students have a hard time with the H = 1/time concept.  
The following labs are not currently in use

Measuring The Sky

THIS USED TO INTRODUCE THE TERM PROJECT. Make the first lab if you do
Note: this lab will take the whole time!  Make sure they are working solidly.

Supplies per table:

4 Term Project: Measuring the Sunset

Clear ruler x 4

Meter stick

2-meter stick

Draw pictures of landmarks + west on the back chalkboard of the room or tape the ones provided up.  It is good to have it so that whichever landmark the students choose (draw two landmarks) they will have to calculate one azimuth to the left and one azimuth to the right. The easiest way to do this is to make sure that the sun is in between the landmarks.  It is worth measuring the angles from the front yourself, so you know what the students should be (roughly) getting.

Teaching points:

· This lab is to prepare you to do the term project.  You will be completing this project on your own time. IF YOU HAVE TROUBLE SEE ME ASAP.

· Talk about measuring angles and why we measure angles.  (draw on the board a triangle with one shorter and closer + one farther and longer.  Also useful is to draw the same thing but farther – ask students before how big something looks if it’s farther away.)

· Students have a difficult time understanding the picture on page 2.  I find that demonstrating it using the above picture on the board helps.

· Issues with making measurements:  

· Make sure your arm is straight.   Don’t tilt your body, stay square to west.

· Make sure your ruler is at the same height as your eyes.  

· Finding west.  Talk about why it’s hard; ask for different ways to find west.  Maps are best, GPS can be fine (iPhones seem to be mostly ok but can get confused inside sometimes).  Compasses are the worst way due to all the metal around.

· Hint on the measuring eye to thumb distance (it’s ok if you don’t want to give any hints).  Measure by resting the end of the meter stick between the eyes.  You’re less likely to poke out an eye that way.  Make sure the meter stick is level.  It can be useful for students to actually be holding a ruler like they will be for the project itself.

· Tell them to be sure to write down their Personal Conversion factor on THEIR Term Project packet.  (Remind students when you check their #s.  Typical #s are between 0.8 and 1.1.  Taller students usually get smaller #s, short students bigger #s.)  (This is in the packet… doesn’t hurt to double check.)

· In the hallway with the 2-m stick:  note that it’s ok if the meter stick is upright. (This is in the packet but people may still get confused)

· Question 3 in packet always is hard for them to know how to tackle.

· Question 4, you can use two meter sticks and slowly decrease the angle between them until you have “very small” and often this leads to them recognizing “parallel” lines of sight.

· Students do not know their cardinal directions.  In particular ESE and NNW give them trouble.

· Since this is the first lab you will have to make sure they read the directions.  Whack ‘em early and often on this.

About the term project in general:

· take data as soon and as often as possible; you need spread out data over the term and you never know when the weather won’t cooperate.

· it does not need to be completely clear to take data.  Sometimes it looks cloudy but right near the west might still be clear, and sometimes if the clouds are thin enough you can see through them to the sun.

· if time, go up to the fourth floor and do another mock “measurement”

NOTE:  We had talked about Part 1 questions 3&4 in the question packet and trying to find a better way to get at this.

Term Project Notes

We have several data check-ins throughout the semester.

Check-in #1:

One observation within a week.  This is so that they get out and try it, so that if they have trouble or any questions they can ask you in the second lab.  Points if they did it at all.  They must have their PCF recorded and a Landmark Azimuth as well, but I don’t take off points for that yet.

Issues at this point tend to be:

· Completely wrong idea of where west is

· Do not understand how to find the Landmark Azimuth

· Forget to record + or – for ruler measurement 

· Calculating Sun Azimuth

Check-in #2:

Three observations total.  Here, the goal is to check their math.  Points if they did it and filled in all their columns even if they did it wrong.  Take off points if no PCF or Landmark Azimuth recorded.  They must do the graphs for all the points.

Issues at this point tend to be:

· Doing the math wrong, especially making negative sign errors

· Recording wrong sign for ruler measurement

· Lots of trouble with the graphing.  It is really important to emphasize to them that they must graph on both graphs, and that the points need to be in the same spot on both graphs.  Be careful because your eye wants to pull you toward the lines drawn, really try hard to ignore the lines!

· Sometimes you can start to see major problems with the data already, however three observations usually isn’t quite enough.  If it looks too flat or too steep already, though, have them re-measure the PCF.  Or, you can ask them to take one or two more and come see you next week

Check-in #3:

Seven observations total.  They should have their math right at this point and their graphs as well.  This is a good time for them to start reading the final term project.  They can’t do all the calculations (like the averages and RMS) until they have all their data, but they can get a start on it.  This gives them time to ask questions.  Hand out the final project when you give their observations back.

Issues at this point tend to be:

· Issues with the actual data trend line being really steep or really shallow.  This is usually (though not always) a PCF error.  Re-measure the student’s PCF and hope it fixes it.

· Data is trending roughly correctly, but offset up or down.  This is not an issue, though you can have them try to re-measure their Landmark Azimuth if it’s going to be a major problem (such as going entirely off the graph).

· Random other problems.  Observing things that are not the sun.  Observing at inconsistent times instead of right at sunset (even 5 to 10 minutes off can mess things up, though if they are consistently the same amount off then it will just behave like a west-finding error.  However it is hard to be consistent in this).  Not measuring with straight arms, pushing your shoulder forward (not standing square to west), not measuring with the ruler at eye height can all cause problems.  If you can’t figure out what’s going on, it can be useful to have the student pretend to do a measurement in front of you.  Of course, the sooner you catch things, the better!

Final Turn in:

Ten observations total, plus the final project and write-up.

Tell them to make sure that they are in fact arguing what their data say, and not what they want the answer to be.  Sometimes their data do not support either model.

Mapping the Solar System

Supplies per table:

Graph paper

Ruler

Protractor

Compass

Teaching points:

I don’t do much talking for this lab other than to introduce what it’s about.  They are trying to go from our usual way of looking at things (geocentric) to what they “know” to be true as the heliocentric model. 

The first part is hard for the students to visualize.

It may be worth mentioning to each group as they get to the beginning of the Kepler part that the first set of angles should be measured from the sun and the second set should be measured from the Earth on that specific date - there was a lot of confusion about this and I think it's a great teaching point to get them to think about what geocentric means.  (I do think a lot of this is the "not reading the directions" problem, as opposed to the directions being unclear)

Troubleshooting:

· Sometimes students will graph clockwise instead of counterclockwise.  This will work fine but they may have some points where they get confused if they do this.
· Graphing: do Earth first then go back and do Mars.  Make sure Earth is on Earth’s orbit!  Label the date inside the orbit for less clutter.
· They may not know the terms perihelion and aphelion.  If they ask just say one is closest and one is farthest from the sun.  (Perilously close is a good way to remember perihelion, at least comets can get that close!)
· When they try to answer question 4 in part 4, they will have no idea to do this, until you ask them how far the Earth is from the Sun in astronomical units (and if you need to back out and ask them the definition of an astronomical unit).  Then ask them how big they drew that on their picture (5 cm, the first thing they did!).  They usually get it after that.
· They will not remember what an epicycle is.  You will have to try to get them to remember what Ptolemy’s model is and why.
· They have trouble figuring out why if Mars is opposition in August it is very close (since that is Mars’ perihelion).  It’s worth stressing that this only happens when Earth and Mars happen to be in the right places in their orbits.
Jupiter’s Moons Part 2  -- older version for downloading observation data from website

Setup for you:

This lab requires initial setup!  If at all possible, run through the images beforehand and make sure there isn’t anything weird!
· Login information for your section (the same as when you submitted the observing plan to the website)

· Laptop for front of room.  Pre-load this with the data, spreadsheet, and DS9 (download the zip file, and then extract all)

· If possible, have a supplemental data sheet with the measurements already computed (by you.  This takes time!)

· Ball on a string, for demonstration purposes

· Load up the MoonsOfJupiter website if you want to use the circular motion demonstration again

· Check the printers are working before lab!
Supplies per table:

Laptop

Teaching Points

· Students will have forgotten what we are doing and why.  Remind them about the purpose of the lab, what the measurements are and why we are doing them.

· Students MUST extract the files.  They cannot run a compressed program.

· You will probably have 15 separate image files.  Since there are six groups, you can assign 2 images per group and then have “fast” groups do an extra one, or you can assign 3 images per group and have some duplicates (in the latter case, whoever enters the data first wins)

· It can be useful to lead everyone through the measuring process.  You can either take one of the image files to do for yourself, (in class do one, copy the rest) or roughly show them the concept using Jupiter’s diameter (but make it clear you are not getting a real measurement!)

· Everyone measures Jupiter’s diameter and then take the class average.

· You will need to walk them through the graph and how to get P and a from it.

· Students have trouble drawing the curves.  They want to connect the dots instead of drawing a smooth sine curve.  Also, if there aren’t any data points at the top of the curve, they will draw different heights.  One way to get them to do this is to take their data point furthest from Jupiter and draw a horizontal line across at the same distance above/below zero and make sure they go all the way up to that line each time.

· Drawing the graph for Io is very hard – if students can’t do it that’s ok.  This is a good teaching point, that they need to take data more frequently for Io.

· They can tell Io is Io because it moves faster and not out as far as the other moons.  The order of the moons (closest to farthest) is Io, Europa, Ganymede and Callisto.  It is really cool that students can figure out which is which!  Point this out to them!  (
· Discuss Kepler’s 3rd Law (either at the beginning or near the end).  You will need to remind them that we start with M1 + M2 and then ignore the mass of the moon.  This leads into the final question, where they are asked if Jupiter can be used to measure the mass of the sun (in other words, is Jupiter too big?  If it is a large fraction of the Sun’s mass we won’t get a good answer for the Sun).  

Troubleshooting tips:

Most of the troubleshooting is mentioned above (and within the lab itself) but a few things are necessary to know:

· DS9:  This is an astronomical software program.  If you click on the image (randomly), it will make a circle.  To get rid of the circle, click on it (or inside it) to select and then just hit the “delete” key.

· You have to re-load the regions each time 

· If students re-scale the image too soon, they will not be able to accurately measure Jupiter’s diameter.  You can’t really undo this, so they’d have to go back to the regular scale and then reload the image.

· Right clicking and dragging around within the image can help bring out the contrast a little more.  Be careful with this – try it to get a feel for what’s going on before you help students.

· Students may accidentally move the axes.  If so they need to reload the regions.

· Click within the triangle to move it.  Put the cursor on the end of the arrows (and get the weird looking cursor) to change the size of the arrow.
Drake Equation
NOTE: the term “colonization” and colonizing space often have Manifest Destiny overtones. Rewrite this if using to make this better.
Supplies per table:

Just the packets this time, and there is NO additional question packet.  Could put out colored pencils for added fun.

Teaching points:

· Discuss the “Earth-like” assumptions after they’ve done the first few questions.

· Discuss the Drake Equation and its assumptions.  Class discussion of whether or not it is a reasonable equation (and do mention it’s just a made-up one, not based on any experimental evidence!)

· Tell them to be creative when they get to the colonizing story!  I like to go around and ask the groups if they’ve crash landed, or how their colonists are handling the native uprisings or other fun things.

· The last questions (5 & 6) are especially hard for the students.  Try to get them to think about what we want the power to do, and how much is just “lost” to space.  Some of them have trouble with the 1/r2 question too.  They should just take their power from #5 and divide by the distance squared. The signal is completely lost in the noise of the galaxy (~10-30 or 10-31 depending on their numbers).  It’s worth mentioning what that means:  lots of things in the galaxy emit in the radio and will be swamp out our signal, even at “close” galactic ranges.

Expansion of the Universe

This is the old CLEA version
By the time students do this lab, they will have been up to our observatory.  You can point out that this is a simulation of what it would be like using an observatory, and they can compare this to what it’s really like in ours!

Supplies per table:

Laptop

graph paper

ruler

calculators

Teaching points:

· Students need to be divided into groups and share data for this exercise.  There are 13 galaxies so each group can do two, leaving one out.  Groups should write the data for tables 1 and 2 on the board for their galaxies but should do the analysis and graph using all the data.  

· There are a lot of points where the students must change view or change field... they may need help with the menus.

· Sometimes the program gets stuck and won’t let you access the spectrograph or control panel.  I find that if you fiddle back and forth between “finder” and “telescope” that this resolves.  Sort of a weird thing, but there you go.

· Students have difficulty with the distance equation.  If they do, have them calculate the exponent first, and then do 10exponent.  (Two steps).  They should check with you before moving on.  Distances are on the order of hundreds of Mpc, with the largest being 750 Mpc (galaxy #6).

· Students should realize that the reason this graph must go through 0,0 is that we are not moving away from ourselves (distance=0 is here)

· Students have a hard time with the H = 1/time concept.  
