Multiwavelength Astronomy:  Galaxies in a Different Light

Teacher Edition grades 9-12

Introduction:  


Throughout this activity students should begin to realize that there is a wealth of information that we can learn about many objects in nature even if we can't see it with our own eyes.  Students will review basic concepts about the electromagnetic spectrum, and then learn about false-color imaging, Wien’s law, and galactic astronomy.  They will combine all of this knowledge to see how observing galaxies at different wavelengths enables astronomers to gather huge amounts of fascinating information about galactic structure and composition.  Visually inspecting the multiwavelength images should enable students to recognize the variety of “hidden” information that can be gathered from looking at more than just the visible part of the spectrum.  For instance, while some galaxies have features that are obscured by dust in visible light, the infrared images show the light the dust emits and what may be concealed inside of it.  Or they may see that X-ray and radio observations give astronomers a means of seeing large-scale structure that may not be visible in ultraviolet, visible, or infrared.  

Prerequisites:


Prior to this activity, students should have a basic understanding of the electromagnetic spectrum, i.e. that radio, ultraviolet, x-rays, etc. are all forms of light with different wavelengths/energies, and because they are light, they all travel equally fast at the speed of light.   This subject matter is not addressed in the previous scaffolding activity (see below), but is a necessary prerequisite knowledge base that should be taught prior to conducting the activity.


Recommendation:  Before doing this activity, do prior scaffolding activity: The NASA Ceres Project Galaxy Classification Activity found at http://btc.montana.edu/ceres/html/Galaxy/gal1.html. The activity covers different types of galaxies and how they are classified.  If you are doing this (Multiwavelength Astronomy) activity alone without proceeding to the next activities in the Building Bridges Galaxy Evolution scaffolding, then the Galaxy Classification activity is not necessary, but still recommended.

Estimated time for activity:  90 minutes  --- (Optional: to save classroom time [~15-20 minutes] the coloring activity “False Color Galaxies” may be assigned as homework to be completed the night before.)

Student Product:


In pairs, students will answer questions in the student guide and complete a short coloring activity.   Students will also match galaxy images taken in different wavelength regions and fill out the corresponding tables, which include providing justification behind their reasoning.  After the activity, students should understand there is important information gained by observing galaxies (or anything) in different wavelengths and some of the galaxy features emit in those wavelengths.

Materials:

· multiwavelength.zip file

· computer for classroom with internet browser (no connection necessary once file is downloaded)

· projector connected to computer

· Standard Image Set, one for each pair of students

· Student worksheets "Multiwavelength Astronomy: Your World in a Different Light", one 9 page worksheet for each pair of students

· Student coloring activity sheet “Multiwavelength Astronomy:  False Color Galaxies”, one 2 page worksheet for each pair of students

· Markers: (blue, green, yellow, pink/orange/red) 1 set for each pair of students

Standards:

NSES:

· Physical Science- Interaction of energy and matter.

· Science and Technology- Understanding about science and technology.

TEKS:

· 112.42 - 2C, 2D, 5C

· 112.47 – 2C, 2D, 8B, 8C

· 112.48 -  2C, 2D, 4B, 5C

Teacher Preparation:


Teacher must print and cut out the galaxy images from the Standard Image Sets.  Recommended:  print on card stock;  print with low toner to enable students to see details – printing with normal toner levels makes contrast on the cards too extreme.

· Standard Image Set:  Print enough copies for each pair of students to have one entire set.  Cut the image cards apart.  The images will be sorted as per the following instructions.  All images have a label below them indicating the wavelength of the image.  Sort the cards by wavelength so there are three subsets of images – visible, radio, and ultraviolet.  

· Teacher must also download the Answer Guide zip file and unzip it.  In the classroom, have a computer available and provide a projection system* for the class to check answers simultaneously.  The Answer Guide is also used while the students fill out the Student Worksheet.

· Optional: Download and print the coloring portion of the activity (“False Color Galaxies”) and give to students to complete as homework the night before.  This will save about 15 minutes of classroom time.

· PLEASE READ THROUGH THE ENTIRE ACTIVITY AND TEST THE POWERPOINT SLIDE SHOW BEFORE PRESENTING TO THE CLASS

Appendix:


For teachers without computer projection capabilities, please download and print the three pages that have the color images needed for filling out the Student Worksheet.  Teachers can print these pages as a transparency for the students to view while filling out the Student Worksheet.


However, students should be given a chance to view all the color images in the Answer Guide to enhance comprehension, even if the teacher cannot project them.  Doing this gives the students a chance to extend their knowledge by viewing infrared and X-ray wavelengths of many of these galaxies as well.  The powerpoint slideshow for this activity can be found at http://outreach.as.utexas.edu/marykay/galaxy/galaxy.html
DO NOT give this web address to students!   But you can download the powerpoint file and pass that on to them if they’d like to see more on their own computer later.

TO BEGIN:  

Group students into pairs, then pass out one Student Worksheet  "Multiwavelength Astronomy: Your World in a Different Light" to each pair.

Engage:

*Project the first slide of the Answer Guide. 

Begin by asking students what different wavelengths can tell us about things in the real world.  Students may answer that infrared is heat so you can tell how hot something is, or that people use x-rays to see inside the body/luggage.  Give the example of a doctor trying to learn more about you because you're sick.  What wavelengths do doctors use?  Visible light - they look you over on the outside; infrared - they take your temperature;  X-rays - used to see through your skin/deeper inside you.  If you are very ill, they may use an MRI (radio wave), or treat a cancer with gamma rays.

* Teachers without computer projection systems see Appendix.
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~To see more awesome pictures like the ones in the slide show, and to
find out even more about the telescopes involved in capturing them,
please visit NASA’s CoolCosmos website:

http://cooleosmos.ipac.caltech.edu//
~To learn about the history of telescopes and the evolution of
astronomical technology, please visit the Space Telescope Science
Institute’s website called Telescopes from the Ground Up:

http:/amazing-space.stsci.edu/resources/explorations/groundup/

~To find a local astronomy club in your ares, please visit:

://nightsky. pl.nasa.gov/club-map.cfm

‘Telescope Source Information for Images on Galaxy Cards
ASTRO-1: thse images wer gathard from telssopes mountodon board a Space Shuttle.
Thiee differnt ulravilet telescopes ware mouted in e paybad of the Space Shuttle Calunbia
and made 231 abservationsaver 39-day period (D 2nd-11th, 1990)

ASTRO-2: a followup prsjct o ASTRO-L, thes imagss were also gatherod from tlescopes
‘hat were carried an board a Space Shuttle. This i, the same three UV slscapes were
‘mounted on the Space Shutle Endeavowr. They made several hundred obsevationsover a 16-
day period (Mach 2% 18%, 1995), which st the ecord for the longest shutle mision at th tme.

GALEX: The Galaxy Evoluton Explrer (GALEX) isan rbiting ac teossope thatcbserves
alaxics in ulaviletlight acoss 10 billion yeas of cosmishisory. With senstve ulzavilet
etoctors,  arge ficld of view,and s osation shove the liraolet absrbing stmosphere o the
Earth, GALEX i abl 0 do on-of-akind observation, inclcing an exia-galactic all dy
survey.

NRAO: The National Radio Astranomy Observatory s enganizaton that dsgn, buiksand
operates the worlds most sopisticated and advanced radi elescopes. They gathr info fom
undreds ofradio tslescapes from ll round the werld warking in unison. Radio tlescopes arc
typically very ke dishs (ke in e movie Contact, which has scence filmed at s o VLA [sec
below] and at he 1,000 f. Arecib telescop in Purto Rico —th largsst n the warld).

VLA: The Very Large Array, ome of the world'spraior astrnamical radio obsrvatoriss,
Consit of 27 radio antemas in a ¥ shaped confguraton an the Plais of San Agustin iy mles
west of Socorra, New Mexico, Each antenna s 25 meter (82 et) in diameter. The data fom the
antennas is combined elctroncaly o give the resolton of an anenna 36km (22 mils)acrss,




Explore:
Instruct the pairs of students to read page 1.

When everyone is finished reading, continue to the next page…

Explain:
*Project the second slide: “Infrared Dog” 
Instruct the students to read along and answer the questions on the top of page 2 of the worksheet while projecting the second slide of the Answer Guide, “Infrared Dog”.  Point out that the dog is actually emitting the infrared radiation, as opposed to reflecting it (it would be reflecting in a visible light image). 

[image: image2.png]with the sensitvity ofa dish 130 metas (422 feed n diamcter. Mostpeople will ecognize from
the movie Contxc. 1t s oprated by the NRAO.

NVSS: The NRAO VLA Sky Suey (sce dbove) i ahuge sumsy ofthe sky done inadio
wavelengths. Completed by the NRAO ushg the VLA, the nformation gathersd is provided free
o the enire asranomical commniy to bl advance sience.

RAIUBMPIFR: The Radio Asronemicl Insitut ofthe University of Bom and e Max-
Planck.Insttute for Radio Asronomy ars Gemman inttutions tht use  100-meter radi
‘elescop located ina rotected vally in westam Germany (nar Effsbburg). The combination
of the high surfce accurasy of e dih and the onstrction prinipl of omobgousdisorton’
nables observations i unpresedented high frequensics forsuch a nge eloscop. The lescope.
<an be used o oberve radlo emisson Fom cdstal objects n 4 wavekngth ange fom Tiem
($08MH2) down 103 Smm.

Effelsburg: scc shve (RAIUBMPIFR)

AAO: The Anglo-Austrlian Obscrvatory, locaed in Australia houses a &-meter equatorially
‘mounted tlescope. s excelent optics, exceptional mechanical sabiity and prision computer
Conirol make it nc of e fincst elescopes i the world. Like most telescopes, the AAT can be
used in many configuratons, cach requiring a diferent instrument or detect fo colectand.
analyze the light Most asronomers use charge coupld deices (CCDs) to collectdata. These
highly sensiive solidtae devicss convertesble lght into digital signals whth ar fen
collected and stored on computers fr futher anabsis,rather ke an electonic potograph.

‘Grasiands Observatory: this s a sall, privatly avnod, abservatory locsted in Southesstern
Arizona. I bouses a Dbinch eflectng teeseope tht is wel suted fo optial astonormy.

IAC/RGO/Malin: This image was ctlly taken sing e saac Newion Telescops, locatd in
La Palma, Spain. ¢ has a 100-inch primmry miro.

KPNO: The Kitt Pek Natonal Observatory is located ear Tuscon, Arizna. KENOhas 19
opticalinfrared lescops and two rado telescopesnsit. It supports the mst diverss colletion
of asronomical bservatorics o Earh for nighttime opical and infraed asronomy and daytime.
Study of the S, The visual image from KPNO used inthis actvity was taken on 09 meter
elescope.

The other images were iaken by amateur asironomers whose info is ot available — Amateurs
help outa lot!



Answers: The hot areas of the dog are the ears, eyes, and mouth. The cold areas are the areas insulated by fur and the nose.  After students have answered on their sheets, ask the class what they thought the answers were and discuss why this makes sense.  Infrared senses hotter areas, so the bright areas are the areas that open to the interior of the dog’s body, while the cold areas are insulated and far from the center of the dog, except the nose, which is kept wet and cold.

*…after students have answered the Infrared Dog questions, project slide three: “X-ray Challenge”

Have the students read through the bottom of page 2 and answer the questions.
The mystery object is a pocket solar calculator.  The bright areas are the circuitry (the denser materials).

This image is made by emitting X-rays through the calculator, and then catching the remaining radiation on the on the other side (usually with film).  The bright areas are those that reflect the X-rays, hence the rays don’t make it to the film.  The dark areas are where the X-rays made it all the way through without being reflected by any dense material.  (Note: astronomers usually utilize X-rays in a different way…they are interested in the object that is emitting the radiation, not so much in what is in between.  This picture is only used to emphasize the idea that scientist can detect “hidden” objects by looking at different wavelengths.)

[image: image3.png]Introduction

‘What would it be ke if you were colorblind? How much information would you
filto receve from the world around you? You would probably have diffcultes
identifying types of appls, for insance. If you could nottellth difference between
yellows,reds,and geens, how could you begin o sort  pile of appls by variey?

i a way, all humans ar colorblind.  We're colorblind to colors lke ulraviolet
and infrared and for everyone except Superman, we're colorblind to X-rays. People just
cannot sz those wavelengths of light, and since that is what defines colors, we can think
of these ranges of the clecromagnetic spectrum as extreme colors. These colors include
‘gamma-rays, X-rays, ultaviolet, infrared, microwave, and radio, while our eyes can only
scethe usual ROY G BIV varicty.

‘Take a look t the following image. Note what  tny porton of the spectrum is
actually made up of colors we can sce (visible). How much more could we learm shout
the world and the niverse f only we could seein those other wavelengths?

THE ELECTROMAGNETIC SPECTRUM

Vg

-';;«'EE:"E (O — e ———

‘So how can we see in these other wavelengths? Well, with our naked eyes, we
can’t. However, we can build instrumens and semsors thatare semsiive o these colors
and represent them in a way that we can stl intepret. This is Where falsc-color imaging.




Pass out the “Multiwavelength Astronomy:  False Color Galaxies” sheets.  

***Note:  This coloring activity can be assigned as homework to be done the night before the activity***
Each group should get both pages 1 and 2.  Pass out markers so each pair has the 4 colors.

Have each student take a sheet and color according to the legend.  Students may realize while coloring that their picture does not match their partner’s.  This is intentional. 

[image: image4.png]False Calor?

Look at the two images on the lide show of a dog that ware taken in the infrared.
‘These are two versions of the same mage, with the same scale of emperature, but the
right picture has 2 larger range of olors t show the same range in temperanre.  When
there are more colors inthe same temperature range, you can easily detect more detal
about small temperature differences.

OF course, the dog isn'tactually purple. The people who make images using
invisible wavelengths, such as infrared, choose the visible colors 1o represent those.
wavelengths. They iry to make the information useful t a glance, ke in these pictres.

‘Which areas on the dog are hotiest?

‘Which are coolest?

‘When you look at 2 dog in visible lght, can you tel which areas are hoftst and coolest
just by looking?

X-Ray Challenge

Maybe you're not Superman, but
using the ight equipment, anyone can e in
Xerays. The X.ray wavelength s so small
hat it ony interects with dense matier on
Eart, ke meal or bone.

1fyou putan object in between an X-
ray it and an X-ray deector, you can sce
wher the dense mateils are locted (shown
a5 white intis picture).

“This pcture was taken with the objct
il seaod, o he X-roysarc pentatng
through the outer part we would normaly sce.
‘What do you think this objctis?

Figure 0 - Image from University X ehlghing?
Hospitals o Cleveland, Department  What ae the bright aress ighighing?

of Radiology



After students have filled in the sheets using markers, explain that both members of each pair have an image of the same galaxy.  The image on page 1 is from the radio band, and page 2 is in the visible.  Stress that the differences are due to different details seen in different wavelengths.  This is how astronomers get more information by looking in different wavelengths.  Sometimes they see structures that were not observable in other wavelengths.  Have students note details visible in one wavelength and not the other.

The students should also read the short paragraph about pixilation and resolution at the bottom of their sheet.  (The exact same paragraph is on both pages).

*Project slide four: “Wien’s Law”

Have the students read through pages 3 and 4 of the Student Guide and answer the questions.  

[image: image5.png]Wien's Law
‘Where Do Al Of These Different Wavelengths Come From?

Right now, every abjec n the room around you s emiting clecromagnetic
waves...your shos, your cheir, the wall, even you...Everything is radiaing! Anyihing
‘with any heat energy whatsoever rdiates cletromagnetic waves. The only way an
object could not emit radiaion i ifis emperature were absolutezero (0° Kelvin, or
about -460° Fahrenheit). But the laws of thermodynamics tell us that i impossible for
Something to gt tha cold, so you cancorretly say that evry single objec n th enire
universe is emitting clectromagnetc waves!

‘Some abjecs are better emiters than others. For example, a light bulb flament
il emit radiation much mre eficiently than a pencil eraser. Strs happen to be some.
of the best emites around; they are very clos 10 being perfect emiters (which physicists
cal back bores).

Most objets, especially stars, will emit electromagnetic waves in almost every
possible wavelength, from gamma rays al the way 1o radio waves. But each objoct will
emit significanty more radiation in some wavelengths compared 1o others. The
wavelength where an object emits the most radiation is called s wavelength of maximum
intensiy. The wavelength of maximum intensity doesn'treally depend on what the
object i made of...So, what does it depend on? TEMPERATURE!

In fact thre i a nice, simple aw of physics tha describes the relationship between the.
wavelength of maximum inensity and temperature

165 called Wien's Law:  Asmax (am) = 3,000,000 (K nm) o nammeters
“Temperature (K) K-Kelvin

Intensity of Radiation

0 50 oo w0 2000

Wavelength i nanomelers)



[image: image6.png]‘This graph shows the radiation curves for some temperatures that you can relate to:
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Where do you think extremely hot young stars (100,000°K) emit most of ther radiaion?
(circle on)
Ulraviolet  Visible  Infrared  Microwave  Radio

Have you ever noticed your doctor taking your temperature by pointing an
instrument in your car or a splitsccond? Wel, that instrument is an infrared detector
that finds your wavelength of maximum intensity and then convers it nto your body's
emperanze. 101 perfct cxample o utlizng Wien's Liw



[image: image7.png]‘How Does Al of This Relate to Galactic Astronomy?

‘When astronomers frststarted looking a galaxies, they could only see them
the visible wavelengths. From what they saw, they ware only sble to descrbe galaxies
inthe most basic way: large colletions of strs, sometimes with a spiral sructure. They
‘couldn't understand much more than that.

Now that we have the technology 10 detec other wavelengths of light, we are
finding outal sorts of ascinating information about what galaxies are made of, how they
evolve, which parts are the most actve, and much more. As we just learned, each
wavelength can show us objects that represent specifc temperanres. The table below
pus it all together:

Type OF Radiaton | Characterisic | Objests Emiting This Type of Radiaion
Temperature

Gammarays | more han | + Pulsars or Neuton Sars
0¥ Kelvin (K) | * Aceroion disks wound black boles
* Interstola clowds

g TO-TGK | ¥ Regions ofhol, shodked gas
* Gasin clustrs of plaxies

* Neutron stars

* Supernova remnanis

* Sillar corons

Thravialer TOFIK |+ Supernova remnanis
= Very hot sars

- Qu

Ve TTIE S
* Galaxies

* Refleston nebulac

* Emision nehvac

Tofeared TEPK | Cool s
* Sar Forming Regions

* Inerstelar dust wamned by strlght

* Plancts

* Comets

* Asoroids

Tado Tesshan 10K | ¥ Cosmic Background Radiaton
= Scatering of ros clectoms in intestellar plasmmas

* Cold intrsellar madum

* Regions near white dwarfs

* Regions near neuton stars

* Superova remnanis

* Dense regions f nterstellr space e, ear the

salactc center)

* Cold, dense partsof theiterstelar modium -

concenirated inthe spiral ams of glaxies in rmolecular

clouds (ofen the sieof star rmaton).

* Cold molecul clouds

Table counicsy of NASA/JPLCaltech




[image: image8.png]‘Galaxies in a Different Light: Matchin tudent Answer Sheet

Instrucions: In this activiy, you wil have hree scts of cards wih mages of galis.
Each sctis compriscd of images aken i a cerain wavelength. So one st s visble ight
images, one s ulraviolt images, and the ofher i radio imags. The same cight galaxies
arc reproscntd incach wavelength. Aflcr matching differet e of mages, record
‘your matches in thechars provided. In the last column, describe why you chose o peir
Sach match in the way you dd. Be as detailed s possibl n your descriptons.

Match the set of VISIBLE images with RADIO images.
A sample answer has been shown in the chart.

Vbl | Radio Ressoning
90 | Z | spiralarms extend clockwise, maiched festures on upper R, sae
orientaton

“This casiest way to rmatch the cards i o sy e out ke i

Visible Row

Radio Row





[image: image9.png]Now put aside the radio images. Match the

v

ISIBLE images with ULTRAVIOLET
images.

Visihle

Olavioler

Rewoning




*Project slide five: “Galaxy Features”  

Have the students turn to page 5.

Talk through the slide and the chart with the students.

Explain that specific parts of a galaxy emit light in different wavelengths.  When astronomers take images that are in different wavelengths, they see the features that emit light there.  In order to view the differences, astronomers use "false colors" (similar to the dog images) to denote different wavelength regions.


For instance, ultraviolet images highlight areas of the galaxy where there are hot, young stars.  For spiral galaxies, this is often in the spiral arms.  In visible wavelengths, these stars appear blue.  Most stars in general are seen when viewed in visible light, this includes stars like our sun.  The nucleus (core) of a spiral galaxy has more evolved (cooler and older) red stars. In some visible images, astronomers see dark areas caused by dust that block the light coming from behind; since the dust emits light in the infrared, astronomers can detect structures, using infrared observations, that are sometimes obscured in the visible.  X-rays indicate very hot gas in and around the galaxy (false colored as yellow/orange in the slide), along with very energetic stars (green).  Cool gas in the galaxy emits radio radiation.  Knowing these features match certain wavelengths, astronomers can better determine the structure of the galaxies in the images.

Elaborate:

*Project slide six: “Multiwavelength Astronomy”

Matching sets of image cards activity  (pages 6,7, & 8 of the Student Guide)

(An important thing to note is that the images of each galaxy are all of the same orientation and scale, as you may see in these examples that can be inspected via the Power Point Answer Guide:  

-Orientation:  the x-ray image of M82 (slide 12) really is showing matter at right angles to the plane of the galaxy seen in the other images.  

-Scale: M100 (slide 8) -In the ultraviolet images looks as though it could be a zoom-in of the center of the galaxy, but it is not.  The crescent shape doesn't seem to strictly match the spiral arms, and yet the size and orientation of this image is the same as the others.)

The images on the cards are negatives of the real pictures (black and white are reversed).  This saves ink and results in crisper, longer lasting images.
· Pass out, to each pair of students, the RADIO and VISIBLE card sets from the Standard Image Set.   DO NOT pass out the Ultraviolet cards yet.

· Have each pair designate one of themselves as a data recorder.  This student will write their data on the answer sheet.  

· Ask the pairs of students to match the image cards so each visible card has a radio mate.  There should be eight image card pairs.  This works best when students line up the eight images from one set across the top of their desks, then match the corresponding image cards below.  Then have the data recorder write down their answers on page 6 of their worksheet and justify their decisions in the “Reasoning” column.  Give students a time limit for each matching set.  5-6 minutes is suggested, no more.  DON’T GIVE THE ANSWERS YET
· Have students put aside the radio image set.  Pass out the ULTRAVIOLET card set. Ask students to match the image cards in ultraviolet and visible, so there are eight pairs, each with a visible and ultraviolet image card.   The data recorder should record answers and reasoning on page 7 of the student worksheet.  Give students the 5-6 minute time limit for matching and recording.

· [image: image10.png]Now match the RADIO images back with the VISIBLE-ULTRAVIOLET
paits 50 that you have sers of three, where each setis the same galay.

Vishle | Ulavioler | _Radio Ressoning

‘Now look at th slide show 1o check your answers and revise your ses

Assessment Challenge
Look at the slide: For each numbered picture, guess which wavelength the picture
represents, and write three galaxy features that are kel 1o be seen n that wavelengh:

Wavclengh ‘Gl Feaiures Reproses




[image: image11.png]‘Multiwavelength Astronomy: False Color Galaxies
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into thousands of even smaller pixals, i would look a lot cleaner and more ke the real galaxy (it would also be

alot harder 1o color!).Ifhis same image had only four huge pixels, you wouldn't even be able to tll what it
pictures of galxies later in this activity. Some are very pixiaed (0o few pixels), hence low qualty. And

Some are very deailed and beautiful. The differences in resolution are usually afrbuted 1o the variey of

was. I genera, the more pixels you have, the betr...because you get more detal. You will sco many real
telescopes and technology used to gather the images.

Eachlitle square i basically 2piel. A pixel can only epresent one color. Ifthis same mage were divided



[image: image12.png]‘Multiwavelength Astronomy: False Color Galaxies
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ually atributed to the telescopes and technology used

into thousands of even smaller pixals, i would look a lot cleaner and more ke the real galaxy (it would also be
alot harder 1o color!).Ifhis same image had only four huge pixels, you wouldn't even be able to tll what it

was. I genera, the more pixels you have, the betr...because you get more detal. You wil sco many.
pictures latr i this acivity. Some are very pilaied (100 fow pixcls), henc low quality. And some are very

Each litle square s basically  pixel. A pixel can only represent one color. 1f this same image were divided
deailed and beautiful. The differences n sesolution are us

10 gather the images.



Leaving the visible-ultraviolet matches out on the desk, have students then get out their radio image card set and match them so that for each galaxy, there are three images – one in visible, one in radio, and one in ultraviolet.  Have the data recorder record their answers on page 8.  Give students a 5-6 minute time limit.

Discuss which wavelengths were the least similar (hardest to match) and why.  Students may respond radio and ultraviolet. These two wavelengths are the farthest apart in the electromagnetic spectrum (out of the three they were asked to match).  Also, many pictures have poor resolution and are highly pixilated (especially in the radio band).  This is usually due to differences in telescopes used to gather the images.  Ask students if different parts of a galaxy are seen more easily in some wavelengths than others (e.g. spiral arms, core, dust, gas, stars).  

ANSWERS to matching activity:  

*Project slide seven and onward.  Stop at “Assessment Challenge.”

Show the Answer Guide slides one at a time so that students can check their results and rearrange, if necessary.  This should be a chance for students to assess themselves in their logic for matching, but also revise and rethink their answers.  Seeing the color images should also solidify why certain image cards matched, especially when details are lost in the printing.


Below is a table of the correct results:

	Visible
	Ultraviolet
	Radio
	Galaxy Name

	1
	VII
	C
	M94

	2
	IV
	A
	M100

	3
	III
	G
	M31

	4
	II
	H
	M101

	5
	VI
	D
	M33

	6
	I
	F
	M82

	7
	V
	E
	M81

	8
	VIII
	B
	SMC


If you wish to review galaxy types, here is a resource list.:

	TYPE
	Examples

	Irregular
	Centaurus A, Small Magellanic Cloud, Large Magellanic Cloud, M82

	Elliptical
	M84, M87

	Spiral
	M31, M33, M65, M74, M77, M81, M94, M100, M101, M104, M106

	Barred Spiral
	M83, NGC 1313


Evaluate:

*Project slide fourteen “Assessment Challenge.”
Have students examine the slide and discuss with their partner which galaxy features are emitting in each image.  This will have the students consider which wavelengths the images are taken in based on the features they can notice.  Students should be remembering the discussion of the “Galaxy Features” slide and applying their understanding of different wavelengths based on the matching they did.  They can also refer back to the chart on page 5.  There is a table to record answers at the bottom of page 8 of the student guide.  

Students will guess the wavelength, and write three galaxy features that are related to that wavelength.

Answers:  

1) Infrared

2) X-Ray                      For each wavelength, they should write at least three corresponding features 

3) Visible                    that are listed in the chart on page 5 of the student guide (page 7 of the teacher 

4) Ultraviolet             guide).  Guessing the correct wavelength is not important, but listing the correct 

5) Radio                     features for their chosen wavelength is important.

At this point, mention to students that professional astronomers will look at these pictures and notice very different features than the students:  When looking at pictures such as these, experts will instantly notice what is relevant and important scientific information, while novices (e.g. the students) will tend to focus on somewhat irrelevant features.  

For example, in the ultraviolet picture (#4 on the current slide), novices might notice that there are three bright dots and a hazy blob shape.   A professional astronomer at the University of Texas recently looked at the exact same picture, and he instantly knew which galaxy it was (M82).  He quickly dismissed the bright dots as irrelevant foreground stars.  He then began discussing how the UV image highlights the newest star-forming regions of the galaxy, which would likely be distributed along the spiral arms if we could see this galaxy face-on.  He also mentioned that it is obvious that there is a huge amount of extinction (dust blocking out the light) that contributes to the apparent irregular shape of the galaxy.

Extend:

The last two pages (pgs. 9 & 10) of the student guide refer the students to three different websites that they can visit to follow-up on any interests or questions they have about the galaxy images and the telescopes used to gather them.  There is also a list of some of the telescopes used to gather the images, with short descriptions of each.  The students can tear this last page off and take it home.
























Answer to question on page 3: 


Hotter objects give off their maximum 


radiation at shorter wavelengths.





























Answer to question on page 4:  


Hot young stars (100,000 K) emit most of their radiation in the Ultraviolet part of the electromagnetic spectrum.
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