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DIY (Do-It-Yourself) Astronomy

K e y  C o n C e p t s 

At the end of this course, students will have learned or understand that:

•	 The human eye is an imperfect, limited, and unreliable detector of light.

•	 Astronomers use large telescopes primarily as a means to collect more photons. Large telescopes 
make better pictures.

•	 There are limitations to using telescopes on the surface of Earth, mainly because Earth’s 
atmosphere absorbs or blurs the light. One solution is to send telescopes to space. 

•	 Astronomers no longer look directly into telescope. They use cameras, which are specialized 
photon detectors and are much more sensitive than the human eye. 

•	 Astronomers today make extensive use of computers to look at and analyze their images. 
Astronomical data are archived in large on-line databases; real images of any part of the sky can 
be easily obtained from the Internet. 

•	 Astrometry is a technique that astronomers use to measure the position or change in position of 
objects in the sky. They can use it to calculate how fast stars move, or the expansion of exploding 
nebulae.

•	 Photometry is a technique astronomers use to measure how much light comes from an 
astronomical sources, the color of the source, and any variation in the amount of light over time. 
They can use it to estimate the temperature and size of a star. They can also use light-curves to 
identify exploding or pulsating stars, eclipsing binary stars, and exoplanets.

•	 Spectroscopy is a technique that astronomers use to split light into different colors, creating 
what is called a spectrum. Astronomers use spectra to measure the temperature and chemical 
composition of stars, and also to measure radial velocities and cosmological redshift.

•	 Large telescopes are in high demand, and astronomers compete for access to them.

t e C h n i C A l  s K i l l s

•	 The class makes extensive use of laptop computers. Students are expected to learn to use 
astronomical on-line tools such as SIMBAD and ALADIN. They are also to become familiar with 
the image analysis software PYRAF and with the display tool SAOIMAGE, and gain experience 
and confidence in displaying, manipulating, and analyzing real and/or simulated astronomical 
images.

o r g A n i z A t i o n

•	 Each activity and demonstration is explained under its own heading.

•	 If an activity has a handout, you will find that handout on a separate page. 

•	 The five homework assignments are included on separate pages within the sections for those 
five classes.

•	 Slide shows are included as separate PowerPoint files. 

•	 The pre/post assessment test for this class is included at the end of the document and also in a 
separate file. 

•	 Some additional resources (data set, images, voting cards) are included as separate files.

•	 Copies of all the activity handouts and homework are also included as separate files. 
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DIY (Do-It-Yourself) Astronomy

i n i t i A l  p r e p A r A t i o n

•	 Identify a set of MAC laptop computers to be used by the students for the computer activities. 
Create class-specific accounts on the laptops (DIY ASTRONOMY) if they do not exist yet.

•	 Make sure the MAC laptop can run the X11 utility. If not, download and install the “Xcode” 
software package from Apple (available for free).

•	 Download and install the “Aladin Sky Survey” software, available on-line for free from the Centre 
de Donnees Astronomiques de Strasbourg (CDS).

•	 Download and install the “SAOimage” software, available on-line for free from the Smithsonian 
Astronomical Observatory (SAO).

•	 Download and install the PYRAF package, available on-line for free from the Space Telescope 
Science Institute (STScI). 
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Session One: How Telescopes Work & Why 
Astronomers Use Them

l e A r n i n g  o b j e C t i v e s

Students will be introduced to: 
•	 The basic function and optical design of telescopes

•	 Important concepts include the difference between a refracting and reflecting telescope, 
aperture, and focal length

•	 The reflector telescope, including the roles of the primary and secondary mirrors

•	 The large number and variety of professional telescopes and their sizes

•	 Future very large telescope projects

K e y  t o p i C s

•	 The three main systems for astronomical science: light gathering (telescope), light detection 
(eye, camera), and data processing (computer)

•	 Basic telescope design; refractor and reflector telescopes; primary and secondary lenses  
and mirrors

•	 Aperture and focal length

•	 Examples of telescopes used today for astronomical research

C l A s s  o u t l i n e

t i m e

0:00-0:10 
 

 
0:10-0:30 
  
0:30-0:40 
 
 
0:40-1:20 
 
 
 
1:20-1:40

1:40-1:55

1:55-2:00 

t o p i C

Introduction 

 
Pre-assessment survey 
 
 
Slide show: astronomy as 
the detection of light
 
Activity #1 (see handout)

 
 
Slide show 

Game: find the mirrors.

Homework #1  
(see handout)

d e s C r i p t i o n

distribute the syllabus. discuss class components 

(slide shows, activities, and homework) and encourage 

maximum participation through questions and 

discussions. introduce the class’ webpage (ning).

Administer pre-assessment test. Collect email addresses 

to send invitations to join ning website.

slides a-z. three foundations of astronomy as the 

analysis of light: collection, detection, and analysis. 

light boxes. use divergent and convergent lenses to 

build a working model of a refractive and reflective 

telescope. dissection of a galileoscope.

show slides 22-24: basic telescope designs, reflectors and 

refractors.

show slides 54-61: various large, professional telescopes. 

have students come one by one to the screen and locate 

the primary of secondary mirrors.

distribute homework #1: “giant telescopes of the 

Future”, scientific American, may 2006.
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Session One: How Telescopes Work & Why Astronomers Use Them 
(Continued)

m A t e r i A l s  u s e d 

teacher laptop computer, light boxes with power supplies, set of galileoscopes (one per student) 

p r e p  W o r K

upload slide show on the teacher laptop. prepare photocopies of the Activity #1 handout, the 

homework #1 handout, and the homework reading, one per student. prepare photocopies of the 

student syllabus and the pre/post test, one per student. prepare color photocopies or prints of the 

AbCd voting card, one per student.

h A l l s  u s e d

none

A u d i o - v i s u A l  n e e d e d

video output, laptop connection

h o m e W o r K

homework #1
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Session One: How Telescopes Work & Why Astronomers Use Them

Activity 1: Playing with Light - How a Telescope Works

NAME: 

Astronomers use lenses and mirrors (also known as “optical elements”) to focus many beams of  
light into a single point and make the light more intense.

You now have “light-boxes” that generate multiple beams of light, which all run parallel to  
each other.

The challenge is to arrange one or more optical elements to focus all the beams of light on a single  
point (i.e. all the beams should “connect”).

CHALLENGE 1

Can you focus the beams of light using one or more of the TRIANGLE-SHAPED, glass pieces  
(“prisms”)?

Draw you best design below. Show the path of the beams.

Is it working?  (yes)  (no)

wavelength

beams of light

lightbox
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Session One: How Telescopes Work & Why Astronomers Use Them

Activity 1: Playing with Light - How a Telescope Works - Page 2

CHALLENGE 2

Can you focus the beams of light using one or more of the ROUNDED, transparent glass pieces 
(“lenses”)?

Draw you best design below. Show the path of the beams.

Is it working?  (yes)  (no)

CHALLENGE 2

Can you focus the beams of light using one or more of the ROUNDED, concave and  
convex MIRRORS?

Draw you best design below. Show the path of the beams.

Is it working?  (yes)  (no)
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Session One: How Telescopes Work & Why Astronomers Use Them

Activity 1: Playing with Light - How a Telescope Works - Page 3

CHALLENGE 4: Dissecting a telescope

The galileoscope is a modern version of the telescope used by Galileo. Yours are made of plastic and 
are relatively inexpensive, but fragile – so please be careful!

To dissect your galileoscope:

1. Place the galileoscope on a table.

2. Carefully pull out the Shade from the Main tube.

3. Carefully slide the Focus tube ring out from the Main tube, but leave the ring around the tube. 
(Don’t pull it out completely.)

4. Gently pull away the two halves of the Aim. This will separate the two halves of the Main Tube. 
                                            
5. Gently pull out the Primary Lens, touching only the white sides of the lens. (Never touch the clear 
faces of the lens.)

6. To put your galileoscope back together, reverse operations 1-5. 

	  

	  

LIGHT BOXES

Focus tube ring

Main Tube

Shade

Aim Focus tube

Primary lens
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Session One: How Telescopes Work & Why Astronomers Use Them

Homework 1
NAME: 

Read: “Giant Telescopes of the Future”(amnh-srmp.ning.com/page/diy-astronomy)

What are the advantages of building and using very large telescopes?
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Session Two: Telescope Mounts, Problems of 
“Ground-Based” Astronomical Observations

l e A r n i n g  o b j e C t i v e s

Students will:
•	 Understand that telescopes need to be mounted for support and also to track the motion of stars

•	 Understand the difference between an equatorial and altitude-azimuth mount, and view 
examples

•	 Demonstrate the limitations of observations by eye and using hand-held telescopes

•	 Learn about limitations of making astronomical observations from the surface of Earth

K e y  t o p i C s

•	 Telescope mounts: equatorial vs. altitude-azimuth (alt-az)

•	 Daily motion of the sky due to the rotation of Earth

•	 Atmospheric “seeing” and problems of ground-based astronomy

•	 Limitations of naked-eye observations

C l A s s  o u t l i n e

t i m e

0:00-0:30 
 

 
0:30-0:40 
  
0:40-0:50 
 

 
0:50-1:20 
 
 
1:20-1:40

1:40-1:55

1:55-2:00 

t o p i C

Slide show 

 
Demonstration 
 
 
Game

Demonstration

Activity #2 
(see handout)

 
Slide show

Test

d e s C r i p t i o n

Collecting areas for various telescopes: how is the collecting area 

calculated? Why doesn’t the shape of the aperture matter? Why 

doesn’t the secondary mirror create a “hole”? What is a telescope 

“mount” and why is it needed? equatorial vs. alt-az.

handle telescopes with various mounts. show students small 

telescopes of both types (equatorial, alt-az). encourage manipulation.

equatorial vs. alt-az “identify the mount” game. show pictures of 

large telescopes with various mounts. have students identify mount 

type and rotation axes. 

move to room where stArlAb was deployed. demonstrate the 

nightly motion of stars at different latitudes, north pole to equator.

move to milstein hall of ocean life for the galileoscope activity. 

demonstrate the limitations of hand-held and naked eye 

observations. (slides are in separate data folder.)

slides 23-36. problems and limitations of telescopes on the grounds. 

sources of light (sky, sun, moon, pollution), and atmospheric effects 

(seeing and airmass). Why telescopes are built on mountains or sent 

into space.

Administer the science attitude survey.
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Session Two: Telescope Mounts, Problems of “Ground-Based” 
Astronomical Observations (Continued)

m A t e r i A l s  u s e d 

teacher laptop computer, stArlAb, set of galileoscopes (one per student), telescopes from the 

Amnh small-telescopes collection

p r e p  W o r K

upload slide show on the teacher laptop, upload astronomical images for Activity #2 on the 

teacher laptop. prepare photocopies of the Activity #2 handout. prepare photocopies of the 

science attitude survey, one per student.

h A l l s  u s e d

milstein hall of ocean life, room 319, Kaufmann theater / 2nd floor classroom  

with stArlAb installed 

A u d i o - v i s u A l  n e e d e d

video output, laptop connection 
 

h o m e W o r K

none
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Session Two: Telescope Mounts, Problems of “Ground-Based” Astronomical Observations

Activity 2: Using a Galileoscope – For Your  
Eyes Only!

NAME: 

Before film or digital cameras existed, astronomers used only their eyes as detectors. They would use 
telescopes to gather more light from the objects they detected. [right?]

Galileo Galilei was the first astronomer to use a telescope for astronomy. It was similar to the Galileo-
scopes we use in this lab, although not made of plastic then.

•	 You will be shown 3 pictures on the screen of a laptop set about 100 yards away. 
•	 Each time a picture is shown, you will have 5 minutes to aim your Galileoscope at the laptop, and 

then draw what you see on the screen.
•	 Try to include as many details as you can see.

TIP: to focus your Galileoscope, slide the tube holding the ocular piece (smaller end) in and out. 

Mystery Image 1

What do you think it is? 

Draw what you see in the box.

Main tube Shade
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Session Two: Telescope Mounts, Problems of “Ground-Based” Astronomical Observations

Activity 2: Using a Galileoscope – For Your Eyes Only! - Page 2

Mystery Image 2

What do you think it is? 

 
Mystery Image 3

What do you think it is?

Draw what you see in the box.

Draw what you see in the box.
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Session Three: The Eye as a Detector, Photography, 
and Astronomical Archives

l e A r n i n g  o b j e C t i v e s

Students will:
•	 Understand the biology of the eye, its advantages and limitations

•	 Understand how our brains to “see” details

•	 Learn from optical illusions that the human visual system does not provide an objective record, 
but is adaptable and biased by expectations

•	 Learn the basic principle behind photographic film, and how astronomers have used 
photographic cameras to chart the sky

•	 Learn how to access “sky surveys” online and download astronomical images from any part  
of the sky

K e y  t o p i C s

C l A s s  o u t l i n e

m A t e r i A l s  u s e d  

teacher laptop. student laptops (one per 
student). pocket calculators.

p r e p  W o r K 

upload slide show on the teacher laptop. 
prepare photocopies of the Activity #3 handout, 
the homework #2 handout, and the homework 
reading, one per student.

h A l l s  u s e d 
room 319    

A u d i o - v i s u A l  n e e d e d 

video output, laptop connection 
 

h o m e W o r K 
homework #2

t i m e

0:00-0:05 
 
0:05-0:30 
 

 
0:30-0:55
 
0:55-1:20 
 
 
1:20-2:00

1:55-2:00

t o p i C

 
 
Slide show 
 

Game

Slide show

Activity #3 
(see handout)

d e s C r i p t i o n

Collect homework #1.

the biology of the eye: how do rods and cone in the retina detect 

photons and send signals to the brain? What are the wavelength 

range of rods and cones? What is color?

optical illusions: is your eye being tricked?

how does photography work at the microscopic level? photographic 

film, its advantages and limitations. grain and exposure time.

Computer lab. learn how to use the Aladin tool to obtain scans of 

photographic images of various messier objects.

•	 Limitations of the human eye, optical illusions

•	 Photographic film

•	 On-line sky surveys and the Aladin software

•	 The Messier objects

Homework #2 
(see handout)

distribute homework #2: “the hubble space telescope”, on-line 

material.
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Session Three: The Eye as a Detector, Photography, and Astronomical Archives

Activity 3: Using the Internet as a Telescope –  
The Aladin Archive and the “Messier” Objects

NAME: 

Pictures of the entire sky have been shot on photographic film through the 20th century. These have 
been scanned and are now available online in archives.

Aladin software allows you to download pictures of any part of the night sky. We will use it to examine 
the famous “Messier” objects.

Get started with Aladin:
 
STEP 1: Locate the Aladin icon on the toolbar and click on it.

STEP 2: The Aladin window will open.
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Session Three: The Eye as a Detector, Photography, and Astronomical Archives

Activity 3: Using the Internet as a Telescope – The Aladin Archive and 
the “Messier” Objects - Page 2

STEP 3: Click the “open file” icon on the top left of the window.

STEP 4: This will open a separate “Server selector” window.
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Session Three: The Eye as a Detector, Photography, and Astronomical Archives

Activity 3: Using the Internet as a Telescope – The Aladin Archive and 
the “Messier” Objects - Page 3

STEP 5: Type in sky coordinates in the “Target” field.

STEP 6: Then click the green “SUBMIT” button.

STEP 7: A list of images will pop up.
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Session Three: The Eye as a Detector, Photography, and Astronomical Archives

Activity 3: Using the Internet as a Telescope – The Aladin Archive and 
the “Messier” Objects - Page 4

STEP 8: Look for an image with a “size” of 13.0‘x13.0’ or 14.2‘x14.2’ or similar, then click on the gray 
box at the beginning (left) of the line.

STEP 9: Click the “SUBMIT” button again.

STEP 10: The image will be displayed in the main Aladin window.
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Session Three: The Eye as a Detector, Photography, and Astronomical Archives

Activity 3: Using the Internet as a Telescope – The Aladin Archive and 
the “Messier” Objects - Page 5

Observe the “Messier” objects.

The Messier objects are not really “messy.” They’re named after French astronomer Charles Messier 
(born 1730 - 1817), who was obsessed with comets, and wanted to discover as many new ones as he 
could. At the time, comets looked like fuzzy patches of light (not like stars or planets). Unfortunately, 
lots of objects on the sky also looked fuzzy, but weren’t actually comets. Out of frustration, and to 
make sure others wouldn’t mistake them for comets he cataloged these fuzzy, non-comet objects. 
They became known as the Messier objects.

Years later, when astronomers started taking photographs of the sky, they discovered that Messier 
objects were very beautiful and extremely interesting. They are now much more important to as-
tronomers than any of the comets found by Messier. Let’s examine what they look like...

The following page lists the 110 Messier objects and their coordinates. These coordinates tell you 
where the object is on the sky.

Find the name/number of the Messier object on the list, and type its coordinates in the “Target” field 
in the Aladin window.

What are they?
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Session Three: The Eye as a Detector, Photography, and Astronomical Archives

Activity 3: Using the Internet as a Telescope – The Aladin Archive and 
the “Messier” Objects - Page 6

NAME         COOrDINATES

M1           05 34 30  +22 01 00  

M2           21 33 29  -00 49 24  

M3           13 42 11  +28 22 30  

M4           16 23 36  -26 31 30  

M5           15 18 34  +02 05 00  

M6           17 40 06  -32 12 00  

M7           17 53 54  -34 47 00  

M8          18 04 42  -24 19 00  

M9           17 19 12  -18 31 00  

M10         16 57 09  -04 06 00  

M11         18 51 06  -06 16 00  

M12         16 47 15  -01 56 54  

M13         16 41 42  +36 27 36  

M14         17 37 36  -03 14 48  

M15         21 29 58  +12 10 00  

M16         18 18 48  -13 46 00  

M17         18 20 42  -16 10 00  

M18         18 19 54  -17 06 00  

M19         17 02 38  -26 16 12  

M20        18 02 18  -23 02 00  

M21         18 04 36  -22 29 00  

M22         18 36 24  -23 54 12  

M23         17 56 54  -19 01 00  

M24         18 18 30  -18 24 00  

M25         18 31 42  -19 14 00  

M26         18 45 12  -09 23 00  

M27         19 59 36  +22 43 16  

M28         18 24 33  -24 52 12  

M29         20 23 54  +38 32 00  

M30         21 40 22  -23 10 48  

NAME          COOrDINATES

M31         00 42 44  +41 16 08  

M32         00 42 41  +40 51 55  

M33         01 33 50  +30 39 37  

M34         02 42 00  +42 47 00  

M35         06 08 48  +24 20 00  

M36         05 36 06  +34 08 00  

M37         05 52 24  +32 33 00  

M38         05 28 36  +35 50 00  

M39         21 32 12  +48 27 00  

M40         12 22 19  +58 05 10  

M41         06 47 00  -20 43 00  

M42         05 35 18  -05 23 00  

M43         05 35 30  -05 16 00  

M44         08 40 00  +19 59 00  

M45         03 47 00  +24 07 00  

M46         07 41 48  -14 48 00  

M47         07 36 35  -14 29 00  

M48         08 13 42  -05 47 00  

M49         12 29 46  +07 59 58  

M50         07 03 12  -08 20 00  

M51         13 29 53  +47 11 48  

M52         23 24 18  +61 35 00  

M53         13 12 55  +18 10 12  

M54         18 55 03  -30 28 42  

M55         19 39 59  -30 57 42  

M56         19 16 36  +30 11 06  

M57         18 53 35  +33 01 44  

M58         12 37 44  +11 49 11  

M59         12 42 02  +11 38 49  

M60         12 43 40  +11 32 58 
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Session Three: The Eye as a Detector, Photography, and Astronomical Archives

Activity 3: Using the Internet as a Telescope – The Aladin Archive and 
the “Messier” Objects - Page 7

NAME          COOrDINATES

M61         12 21 54  +04 28 20  

M62         17 01 13  -30 06 48  

M63    13 15 49  +42 02 06  

M64          12 56 44  +21 41 05  

M65         11 18 55  +13 05 35  

M66         11 20 14  +12 59 42  

M67         08 50 24  +11 49 00  

M68         12 39 28  -26 44 36  

M69         18 31 23  -32 20 54  

M70         18 43 13  -32 17 30  

M71         19 53 46  +18 46 42  

M72         20 53 28  -12 32 12  

M73         20 59 06  -12 38 00  

M74         01 36 42  +15 47 11  

M75         20 06 05  -21 55 18

M76         01 42 19  +51 34 35  

M77         02 42 40  -00 00 48  

M78         05 46 48  +00 03 00  

M79         05 24 11  -24 31 30

M80         16 17 03  -22 58 30  

M81         09 55 33  +69 04 00  

M82         09 55 54  +69 40 57  

M83         13 37 00  -29 52 04  

M84         12 25 03  +12 53 15  

M85         12 25 24  +18 11 27  

M86         12 26 11  +12 56 49  

M87         12 30 49  +12 23 24  

M88         12 31 59  +14 25 17  

M89         12 35 39  +12 33 25  

M90         12 36 50  +13 09 48  

NAME          COOrDINATES

M91         12 35 26  +14 29 49  

M92         17 17 07  +43 08 12  

M93         07 44 36  -23 51 00  

M94         12 50 53  +41 07 10  

M95         10 43 58  +11 42 15  

M96         10 46 45  +11 49 16  

M97         11 14 47  +55 01 07

M98         12 13 48  +14 53 43  

M99         12 18 49  +14 25 07  

M100         12 22 55  +15 49 23  

M101         14 03 12  +54 21 03  

M102         15 06 30  +55 45 46  

M103         01 33 12  +60 43 00  

M104         12 39 59  -11 37 22  

M105         10 47 49  +12 34 57  

M106         12 18 57  +47 18 16  

M107         16 32 32  -13 03 12  

M108         11 11 31  +55 40 15  

M109         11 57 36  +53 22 31  

M110         00 40 22  +41 41 11  
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Session Three: The Eye as a Detector, Photography, and Astronomical Archives

Homework 2: The Hubble Space Telescope
NAME: 

Read: “The Hubble Space Telescope” (amnh-srmp.ning.com/page/diy-astronomy)

What are the advantages of using a telescope in space?

Why were the first images from the Hubble Space Telescope so blurry?
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Session Four: Digital Cameras: The CCD

l e A r n i n g  o b j e C t i v e s

Students will:

•	 Learn how electronic (CCD) detectors work at the microscopic level, and how they compare to 
photographic film 

•	 Learn about CCD and SAOimage software, which astronomers use to display images

K e y  t o p i C s

•	 A CCD is a detector that can count individual photons.

•	 CCDs use the photoelectric effect, and manipulate electrons liberated by the photons.

•	 CCDs don’t detect colors. Colored filters have to be used.

•	 Astronomers make images in a special format called “fits”, and use a software called SAOimage to 
display and analyze them.

C l A s s  o u t l i n e

t i m e

0:00-0:10 
 
0:10-0:40 
 
0:40-1:10 
 

 
1:10-1:30 
 
 
1:30-2:00

t o p i C

Homework feedback 
 
Slide show 
 
Activity #4 
(see handouts)

Slide show

Activity #5

d e s C r i p t i o n

distribute the graded/checked homework #1. discuss the answers.

What is a CCd camera and how does it work?

“the human CCd” game. split class into 4 teams, which must count 

plastic beads in grids of plastic containers in the same way that CCd 

cameras are read by computers. race for the first team to “read” its 

“image”.

problems and limitations of the CCd: thermal noise, cosmetics, chip 

gaps, limited field of view, cosmic rays.

Computer lab. introduction to sAoimage. difference between 

photographic and digital (CCd) images.

m A t e r i A l s  u s e d 

teacher laptop. student laptops (one per student). Copies of the handout for Activity #4 and 
Activity #5. pocket calculators. set of plastic container and plastic beads for the CCd game 
activity.

p r e p  W o r K 

upload slide show on the teacher laptop, upload astronomical data folder (messier_objeCts) on 
all the student laptops in the home folder. prepare photocopies of the Activity #4 and Activity #5 
handouts, one per student

h A l l s  u s e d      A / v  n e e d e d      h o m e W o r K

room 319    video output, laptop connection  none
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Session Four: Digital Cameras: The CCD

Activity 4: THE HUMAN CCD (charge coupled device)

NAME: 

Summary: This game shows how digital cameras work by simulating the method used to read electrons 
in a charge-coupled-device (CCD). 

                                
1. The CCD is exposed, electrons are detected 
in each pixel.

 

2. All charges on the lower line (“registry”)

3. The electrons in the “amplifier” are            

4. Charges in the registry are moved 
again, counted - there’s 36 of them!                             
one pixel to the right - now there’s 25!.

5. ...and then 19 and 17. When all the              

6. One again, the charges on the registry 
charges in the registry are counted, all              
are moved one to the right, and the second                                                     
the other charges are moved down one.            
line is read. 

	           

        

        

        

        

        

        

        

        
 

34 21 32 48
55 46 57 28
19 10 31 42

17 19 25 36

	           

        

        

        

        

        

        

        

        
 

34 21 32 48
55 46 57 28
19 10 31 42

17 19 25 36

	           

        

        

        

        

        

        

        

        
 

55 46 57 28
19 10 31 42

17 19 25 36

34 21 32 48

	           

        

        

        

        

        

        

        

        
 

55 46 57 28
19 10 31 42

17 19

34 21 32 48

25

	           

        

        

        

        

        

        

        

        
 

55 46 57 28
19 10 31 42

34 21 32 48

	           

        

        

        

        

        

        

        

        
 

55 46 57 28
19 10 31

34 21 32 48

42



Science Research Mentoring Program DIY ASTRONOMY

© 2013 American Museum of Natural History. All Rights Reserved. 25

Session Four: Digital Cameras: The CCD

Activity 5: Using PYrAF and SAOimage

NAME:

STEP 1: Click on the SAOimage icon on the toolbar.  Wait a second for SAOimage to open.

 

STEP 2: Click the “X” icon on the toolbar.

This will open a white “xterm” window with black text in it.

STEP 3: Click anywhere on the “xterm” window, type  pyraf  on the keyboard, and then press the “enter/
return” key.
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Session Four: Digital Cameras: The CCD

Activity 5: Using PYrAF and SAOimage - Page 2

STEP 4: Wait a few seconds for the PYRAF software to load. You should see this in your xterm window.

 

STEP 5: To access the images, you will need PYRAF to open the folder where the images have been 
copied to. This is done with a text command. Type  cd MESSIER_OBJECTS  . (Software is case sensitive; 
pay attention to uppercase/lowercase letters.) Then hit return/enter.

To display the list of available images, type  ls  then hit return/enter. You should see something like this:
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Session Four: Digital Cameras: The CCD

Activity 5: Using PYrAF and SAOimage - Page 3

STEP 6: Select an image. Say you want to see “ M51_POSS.fits. Type  display M51_POSS.fits  , then hit 
enter/return.

PYRAF will then ask you: “frame to be written into (1:16) (1):”

You can load up to 16 images loaded at the same time. Type any number between 1 and 16 (just 1 is OK), 
then hit enter/return.

STEP 7: The image will load in SAOimage, and you should see something like this:

To display another image, just repeat the procedure (E) with another image name. 
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Session Four: Digital Cameras: The CCD

Activity 5: Using PYrAF and SAOimage - Page 4

Making adjustments (PYrAF mode).

To display an image with a different contrast, use the “epar display” command.

In the PYRAF window (xterm), type  epar display  , then hit enter/return. This window will appear.

If “zscale” is selected to be “Yes”, you can change the contrast by typing a different value in the “contrast” 
box. You can also select “zscale” to be “No” instead; then if “zrange” is selected to be “Yes”, the full range of 
intensity will be displayed.

Click the “Save & Quit” button near the top to put changes into effect. Use the “display” command to plot 
a new image. It will be displayed with the new contrast parameters.

If you feel even more adventurous, try selecting “No” for both “zscale” and “zrange.” Then scroll down 
to manual settings. The three boxes for adjusting the contrast are “z1”, “z2”, and “ztrans”. Use them to 
customize the greyscale levels in your image. Just remember to click the “Save & Quit” button when you 
are done.
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Session Four: Digital Cameras: The CCD

Activity 5: Using PYrAF and SAOimage - Page 6

Making Adjustments (SAOimage Mode)

You can play with your image directly in the SAOimage window in many ways. 

The  zoom  menu allows you to zoom in or out.

The  frame  menu allows you to move between images, if you ‘ve loaded more than one.

The  color  menu will allow you to use a color scale instead of a greyscale. Note that these do not 
represent actual colors.

Explore the other features! 
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Session Five: Making “Clean” Images with Digital 
Cameras

l e A r n i n g  o b j e C t i v e s

Students will:

•	 Learn about “image reduction:” how astronomers “clean up” images taken using CCDs, including 
calibration using a “dark” frame and a “flatfield” frame, and combining multiple exposures to 
eliminate defects from cosmic ray hits

K e y  t o p i C s

•	 Image reduction
•	 The PYRAF software
•	 Bias and dark frames

•	 Flatfields

 

C l A s s  o u t l i n e

t i m e

0:00-0:05 
 
0:05-0:35 
 
 
0:35-1:55 
 

1:55-2:00

t o p i C

  
 
Slide show 
 
 
Activity #6 
(see handouts)

Homework #3 
(see handout)

d e s C r i p t i o n

Collect homework #2.

image reduction: how to correct for the imperfections of a CCd. bias/dark 

calibration frames. Flatfields. Combining images to remove cosmic rays.

Computer lab. Cleaning up images using the pyrAF software. using 

synthetic data based on real images of galaxies. biasing and flatfielding. 

Combining images to remove cosmic rays.

reading: ”how hubble sees.” learn about how CCd images from the hubble 

space telescope and cleaned and combined to make pretty color pictures.

m A t e r i A l s  u s e d 

teacher laptop. student laptops (one per student). Copies of the handout for Activity #6 and 
homework #3. pocket calculators.

p r e p  W o r K 

upload slide show on the teacher laptop, upload astronomical data folder (imAges_to_CleAn) on 
all the student laptops in the home folder. prepare photocopies of the Activity #6 handout, and the 
homework #3 handout, one per student.

h A l l s  u s e d      A / v  n e e d e d      h o m e W o r K

room 319    video output, laptop connection  homework #3
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Session Five: Making “Clean” Images with Digital Cameras

Activity 6: Cleaning CCD Images

NAME: 

Summary: In this lab, we will learn how to process raw astronomical images that were obtained with 
a CCD camera, and turn them into clean pictures of celestial objects.

Astronomers correct for three main sources of “imperfections”:

A. Cosmic rays: They look like “static” and show up randomly. One way to eliminate them is to 
combine several shots of the same object, and have the software eliminate the “bad” pixels.

B. Thermal emission / bias: It looks like a uniform grey background, and is not caused by photons. 
You can get rid of it by subtracting a “dark”.  (A “dark” is a picture you take in complete darkness. It 
tells you exactly what the thermal emission is.)

C. Pixel sensitivity/efficiency: Not all the “pixels” on a CCD camera are equally good at detecting 
photons. You can correct for this by dividing by a “flatfield”. (A flatfield is a picture of a white screen. 
It tells you exactly which pixels are good detectors, and which are not.)

To summarize, astronomers clean their images by:

1. Combining several images of the same object (if desired).

2. Subtracting a “dark”.

3. Dividing by a “flatfield”.
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Session Five: Making “Clean” Images with Digital Cameras

Activity 6: Cleaning CCD Images - Page 2

A. Getting ready

STEP 1: Open SAOIMAGE by clicking on the SAOIMAGE icon on the toolbar.

 

STEP 2: In the XTERM text window, type  pyraf  then press the rETUrN key. Wait a few seconds for the 
PYRAF software to launch. (If PYRAF does not launch, try typing  source .cshrc  , pressing return, then 
typing  pyraf  .)

STEP 3: In the XTERM window again type  cd IMAGES_TO_CLEAN  then hit rETUrN.

STEP 4: In the XTERM text window type  cd M051  then hit rETUrN. This will load the folder with the 
images of the galaxy M 51.

STEP 5: In the XTERM text window, type  ls  then hit rETUrN. This should display a list of all available 
images of M 51.

STEP 6: You are now ready to display your images. You can display any image by typing the display  
command followed by the name of the image.

EXAMPLE: typing  display M051_r.009.fits  then hitting rETUrN, will display the 9th image of M 51 
in the red (r) filter. The software will ask you the “frame to be written into (1:16) (1):”.  All you need to do 
is type a number from 1 to 16, and hit rETUrN again. The image will be displayed in the “frame” you 
selected.

B. Basic image “reduction” with IMArITH

STEP 1: Subtracting the Dark 

Display one of the images: display M051_r.001.fits

Display the dark image: display ccd_dark.fits

What do they look like?
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Session Five: Making “Clean” Images with Digital Cameras

Activity 6: Cleaning CCD Images - Page 3

Now let’s use “imarith” to subtract the dark image from the M51 image”. 

In the xterm/PYRAF window, type  epar imarith 

It will open this window:

You can use this tool to manipulate (add, subtract, divide) images.
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Session Five: Making “Clean” Images with Digital Cameras

Activity 6: Cleaning CCD Images - Page 4

Let’s use imarith to subtract the “dark” image from the “M51” image:

1. In the “operand1” field, type  M051_r.001.fits

2. In the “operand2” field, type  ccd_dark.fits

3. Select  “ - ”  as the operator.

4. In the “result” field, type  M051_rd.001.fits  , the name of the new M51 image.

5. Click  “Execute”.  This will create the new image.

Display the new image: display M051_rd.001.fits

Is the image cleaner with the dark subtracted out? 

STEP 2: Dividing by the Flatfield  

Display the new image: display M051_rd.001.fits

Display the flat image: display ccd_flat.fits

What do they look like? 

Using the same imarith procedure as above, but try to divide the image called M051_rd.001.fits  by the 
flatfield image ccd_flat.fits 

Call the new image: M051_rdf.001.fits

Again, this is going to be the name of a new M51 image, with the dark subtracted, out and the flatfield 
divided out.

Display the new image: display M051_rdf.001.fits

Is the new image cleaner? 
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Session Five: Making “Clean” Images with Digital Cameras

Activity 6: Cleaning CCD Images - Page 5

STEP 3: Removing the Cosmic Rays  

Now we will combine several images to remove the cosmic rays.

In the xterm/PYRAF window, type  epar imcombine 

It will open this window:
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Session Five: Making “Clean” Images with Digital Cameras

Activity 6: Cleaning CCD Images - Page 6

1. In the “input” field, type  M051_r.*.fits

2. In the “output” field, type  M051_r_all.fits

3. In the “combine” field, select “average”. 

4. In the “reject” field, select anything except “none”.  (There are six different methods to remove cosmic 
rays, you just have to try one to see if it will work.)

5. Click  “Execute”.  This will combine all the M051 red images, and create a new image called  
M051_r_all.fits with the result.

Display the new image: display M051_r_all.fits

Are the cosmic rays gone? 

Should the image be cleaned some more? 

If “yes” to the last question, what do you think you should do?

WHAT IF YOU’rE DONE…?

There are more images to play with.

1. In the XTERM text window type  cd ~  then hit rETUrN.  

This will take you back to where you started.

2. In the XTERM window again type  cd IMAGES_TO_CLEAN  , then hit rETUrN. 

3. In the XTERM text window type  cd M064  or  cd M097  then hit rETUrN.

4. Repeat the steps to reduce the images of M64 or M97.
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Session Five: Making “Clean” Images with Digital Cameras

Homework 3: Pillars of Creation
NAME: 

1. Go to the online feature, “How Hubble Sees” at www.pbs.org/wgbh/nova/space/hubble-telescope.
html 

2. Click on the interactive feature and go through the demo.

Do the colors on this Hubble image represent the colors you would see with your own eyes? If 
not, what exactly do they represent?

Challenge question:  How many individual square images were combined to produce this final 
Hubble Image?
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Session Six: A Universe of Colors - How Astronomers 
Make Color Pictures

l e A r n i n g  o b j e C t i v e s

Students will:

•	 Learn how astronomers use sets of filters to make color images, and how this helps them obtain 
scientific information about the star/galaxy/nebula

K e y  t o p i C s

•	 Colors as wavelengths of light
•	 How filters work
•	 How color pictures can be composed from any three images in different bands.

 

C l A s s  o u t l i n e

t i m e

0:00-0:15 
 
0:25-0:45 
 

 
1:00-2:00 
 

t o p i C

Homework feedback 
 
Slide show 
 

 
Activity #7 
(see handout)

d e s C r i p t i o n

distribute the graded/checked homework #2. discuss the answers.

how to make color images. sensitivity of the CCd at different 

wavelengths of light. using colored filters. sets of commonly used 

filters. “Fake” colors vs “real” colors. getting scientific information 

from color; examples.

Computer lab. perform reduction of images from the las Cumbres 

observatory (lCo) obtained in three bands. Combining the individual 

images to create a color picture.

m A t e r i A l s  u s e d 

teacher laptop, student laptops (one per student), copies of the handout for Activity #7,  
pocket calculators 

p r e p  W o r K 

upload slide show on the teacher laptop, upload astronomical data folder (lCo_imAges) on all  
the student laptops in the home folder. prepare photocopies of the Activity #7 handout, one  
per student.

h A l l s  u s e d      A / v  n e e d e d      h o m e W o r K

room 319    video output, laptop connection  none
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Session Six: A Universe of Colors - How Astronomers Make Color Pictures

Activity 7: Class Lab – Making Color Images

NAME: 

Summary: We will learn how to process raw astronomical images in three different filters (blue, green, 
red) and combine them to produce color pictures of astronomical objects.

We will use real data obtained from the Las Cumbres Observatory (LCO) global telescope network, which 
you can find on the web at: lcogt.net
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Session Six: A Universe of Colors - How Astronomers Make Color Pictures

Activity 7: Class Lab – Making Color Images - Page 2

A. Displaying Your Images

STEP 1: Open SAOIMAGE by clicking on the SAOIMAGE icon on the toolbar.

 

STEP 2: In the XTERM text window, type  pyraf  then press the rETUrN key. Wait a few seconds for 
the PYRAF software to launch. (If PYRAF does not launch, try typing  source .cshrc  first, then press 
return, and then type  pyraf  next.)

STEP 3: In the XTERM window again type  cd LCO_IMAGES  then hit rETUrN.

STEP 4: In the XTERM text window again, type  ls  then hit rETUrN. This will display a list of  all the 
images available to you today. All the names start with “LCO_” :
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Session Six: A Universe of Colors - How Astronomers Make Color Pictures

Activity 7: Class Lab – Making Color Images - Page 3

STEP 5: You are now ready to display your images. You can display any image by typing the  display  
command followed by the name of the image you want, just like in previous weeks.

One of the images is a “dark” (LCO_dark.fits). Display it in SAOimage to have a look. 

•	 Three more images are flatfields (LCO_flat_B.fits, LCO_flat_B.fits, LCO_flat_B.fits). That’s one   
 flatfield for every filter (blue, green, red).    

 
Do all the flatfields look the same? 

B. Image “reduction” with IMArITH

STEP 1:  Subtracting the Dark 

To make clean color pictures, you will first need to subtract the dark from every image. 

For example, let’s subtract the dark from the “Eagle” blue image using “imarith”: 

In the xterm/PYRAF window, type  epar imarith 

It will open this window:
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Session Six: A Universe of Colors - How Astronomers Make Color Pictures

Activity 7: Class Lab – Making Color Images - Page 4

Again, you can use this tool to manipulate (add, subtract, divide) images. 

1. In the “operand1” field, type  LCO_Eagle_B.fits

2. In the “operand2” field, type  LCO_dark.fits

3. Select  “ - ” as the operator.

4. In the “result” field, type  LCO_Eagle_Bd.fits    

5. Click  “Execute”.  This will create the new image.

STEP 2:  Dividing by the Flatfield

In the xterm/PYRAF window, type  epar imarith  

1. In the “operand1” field, type  LCO_Eagle_Bd.fits

2. In the “operand2” field, type  LCO_flat_B.fits

3. Select  “ - ”  as the operator.

4. In the “result” field, type  LCO_Eagle_Bdf.fits    

5. Click  “Execute”.  This will create the new image.

The new image  LCO_Eagle_Bdf.fits  is now the “reduced” (i.e. cleaned-up) picture of the “Eagle” 
object in the blue filter.

Repeat the steps (subtracting the dark, dividing by the flatfield) for each of the other two “Eagle” 
images:  LCO_Eagle_G.fits and  LCO_Eagle_R.fits

Remember to use the appropriate flatfield for each image, i.e. the green flatfield for the green (G) 
image, and the red flatfield for the red (R) image. The dark is the same.
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Session Six: A Universe of Colors - How Astronomers Make Color Pictures

Activity 7: Class Lab – Making Color Images - Page 5

C. Making color images with SAOimage

To make color images, you will use SAOimage only.  You can’t use PYRAF for this.

1. Click on the  frame  button in the SAOimage window.

2. Click the  new rgb  button. This little window will appear.

3. Note that the radial button is on “Red”, this means you can load a red image.

4. Move the RGB window to the side if it’s in the way, they click the file button.

5. Click the open button. Find the LCO_IMAGES folder (in the home), open it, and select the  
LCO_Eagle_Rdf.fits  image. Click open.

6. Click in the RGB window again, and select the “Green” radial button. Now you can upload a green 
image.

7. Click on file, and then open. Find the LCO_IMAGES folder again, and select the  
LCO_Eagle_Gdf.fits  image. Click open.

8. Click in the RGB window again, and select the “Blue” radial button. Now you can upload a blue 
image.

9. Click on file, and then open. Find the LCO_IMAGES folder again, and select the  LCO_Eagle_Bdf.
fits  image. Click open.

You will now have a complete color image!
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Session Six: A Universe of Colors - How Astronomers Make Color Pictures

Activity 7: Class Lab – Making Color Images - Page 6

D. Making the image look nicer 

•	 You can zoom in and out to see the full image or only part of it. Click on zoom, then click on the 
zoom level you want.

•	 You can change the range of intensities (contrast) displayed—only one color at a time, however.  
First click on the RGB window and click on the radial button for the color you want to change. 
Then click scale. You can pick any one of linear, log, power, square root, squared, or histogram.  
You can also choose any one of  min max or zscale. See what each one does.

•	 To change another color, click on the RGB window and click on the radial button for the other 
color you want to change.

•	 You can also adjust the contrast manually using the computer trackpad. Click the command key 
(to the left of the spacebar) and hold it. Then click the trackpad, and also hold it. While holding 
both the trackpad and command button clicked, slide your finger on the trackpad left and right, 
or up and down. See what it does to the contrast.

   
E. Saving a copy

To save a copy of you “artwork”, click file, then click save image. Choose the format you want (jpeg, 
gif, tiff, ...)  and click OK, then type the name of the file and select the location you want to write it.  
It’s yours! 

WHAT IF YOU’RE DONE…? 

There are lots more images to play with. They all need to be reduced first. Have fun! 
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Session Seven: Astrometry: Coordinate Systems, 
Proper Motions, and Expanding Nebulae

l e A r n i n g  o b j e C t i v e s

Students will: 
•	 Review coordinate grids (X.Y), how positions are recorded on a grid using two numbers 

(coordinates), and how to measure distances between two points

•	 Compare geographical coordinates and celestial coordinates

•	 Learn how celestial coordinates (right ascension and declination) are defined

•	 Learn about the motion of the Sun on the sky, and how different parts of the sky are available for 
astronomical observations at different times of the year

•	 See how to measure the movement of high proper motion stars, and the expansion of novae/
supernovae remnants using archival images 

K e y  t o p i C s

•	 Distance between two points on a grid

•	 Right ascension and declination

•	 Vernal point, and motion of the Sun on the sky as seen from Earth

•	 Proper motion of stars

•	 Using archival images at different epochs to measure changes in star positions and nebulae

C l A s s  o u t l i n e

t i m e

0:00-0:05 
 
0:05-0:35 
  

0:35-0:50 
 

 
0:50-1:00 
 
 
1:00-1:55

1:55-2:00 

t o p i C

 
 
Slide show 
 
 
 
Game

Slide show

  
Activity #8 (See handout)

Homework #4  
(see handout)

d e s C r i p t i o n

Collect homework #3.

Coordinate grids (X,y). how to measure distances 

between two points. longitude and latitude. the celestial 

coordinate system, right ascension, and declination.

place model of the solar system (sun-earth) in the center 

of the classroom, vernal point facing the screen. give 

students given right ascension coordinates, and have 

them make a circle around the class in order of their 

coordinate. demonstrate the daily rotation and yearly 

revolution of earth.

motion of the sun, and how different places on the sky 

must be observed at different times of the year.

Computer lab. Astrometric measurements. measuring 

the proper motion of nearby stars and calculating their 

velocity.  measuring  the expansion of gK pert and the 

Crab nebula using pictures from 1945 and 1990. estimate 

the year that the nova/supernova exploded.  

distribute homework #4.



Science Research Mentoring Program DIY ASTRONOMY

© 2013 American Museum of Natural History. All Rights Reserved. 46

Session Seven: Astrometry: Coordinate Systems, Proper Motions, and 
Expanding Nebulae (Continued)

m A t e r i A l s  u s e d 

teacher laptop, student laptops (one per student), small model of the sun-earth-moon systems 

printed copies of the handouts for Activity #8 and homework #4 rA 0h-24h number sheets

p r e p  W o r K

upload slide show on the teacher laptop, upload astronomical data folder (Astrometry) on all 

the student laptops in the home folder. prepare photocopies of the Activity #8 handout, and the 

homework #4 handout, one per student. print one copy of the rA numbers sheet and cut out the 

individual hours.

h A l l s  u s e d

room 319 

A u d i o - v i s u A l  n e e d e d

video output, laptop connection 
 

h o m e W o r K

homework #4
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Session Seven: Astrometry: Coordinate Systems, Proper Motions, and Expanding Nebulae

Activity 8: Astrometry & Proper Motions

NAME: 

Astronomers use lenses and mirrors (also known as “optical elements”) to focus many beams of  
light into a single point and make the light more intense.

Summary: In this lab, we will measure the movement of stars on the sky (also known as “proper mo-
tion”), and use it to calculate how fast the stars move. We will also try to measure the expansion of two 
nebulae (Crab Nebula, GK Per), and estimate when the star that created the nebula exploded. 
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Session Seven: Astrometry: Coordinate Systems, Proper Motions, and Expanding Nebulae

Activity 8: Astrometry & Proper Motions - Page 2

A. GETTING rEADY

STEP 1: Open SAOIMAGE by clicking on the SAOIMAGE icon on the toolbar.

 

STEP 2: In the XTERM text window, type  pyraf  then press rETUrN. (If it won’t load, type  source .cshrc  
press rETUrN, and then type  pyraf  )

STEP 3: In the XTERM window, type  cd ASTROMETRY  then press rETUrN.

STEP 4: In the XTERM text window again, type  ls  then press  rETUrN. This should display a list of all 
the images available to you today.

STEP 5: Preset the contrast of your images. Type  epar display  . 

A PYRAF Parameter Editor window will open:

Check that (zscale) is set to “No”, and that (zrange) is set to “Yes”. 
When this is done, click Save & Quit.    
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Session Seven: Astrometry: Coordinate Systems, Proper Motions, and Expanding Nebulae

Activity 8: Astrometry & Proper Motions - Page 3

B. CALCULATING HOW FAST STArS MOVE 

STEP 1: Display the two images of the star Wolf 359 in two different SAOIMAGE frames. 
First, type  display Wolf_359.1953.fits  and when prompted for an image frame type  1  . 
Then, type  display Wolf_359.1995.fits  and when prompted for an image frame number, type  2  .

STEP 2: Click the  frame  button on SAOIMAGE, then click the  previous  and the  next  buttons to switch 
between the 1953 and 1995 images.  Find the star that is moving. This moving star is Wolf 359, fifth star 
closest to the Sun!
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Session Seven: Astrometry: Coordinate Systems, Proper Motions, and Expanding Nebulae

Activity 8: Astrometry & Proper Motions - Page 4

STEP 3: Measure the X and Y position of the star on each image by sliding the arrow cursor over each 
picture. The X and Y position of the cursor appear on the top half of the SAOIMAGE window, inside the 
“X” and “Y” boxes.

STEP 4: Calculate how much the star has moved between the two images. The distance (“d”) between 
the two positions is calculated with:

Where (X1,Y1) are the coordinates of the star in image 1, and (X2,Y2) are the coordinates of the star in 
image 2.

STEP 5: Calculate the proper motion of the star on the sky, using this formula:

Where T1 is the year of the first image, T2 is the year of the second image, and d is the distance you 
calculated in step 4. Use the times listed in the table.

Write Your Results in the Table.

     d
T2 - T1 

μ  =

d  =  √ ( X2 - X1 )2 + ( Y2 - Y1 )2	  
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Session Seven: Astrometry: Coordinate Systems, Proper Motions, and Expanding Nebulae

Activity 8: Astrometry & Proper Motions - Page 5

STEP 6: Calculate the speed of the star (in kilometers per second) using this formula which gives you 
the speed (V) in kilometers per second from the proper motion (μ) and the distance to the star (D) in 
parsecs:

For the distance D, use the value listed in the table, for the proper motion μ, use the value you calculated 
in step 4.

STEP 7: Repeat the procedure for all the other stars. Calculate the motions of the star “Proxima” (closest 
star to the Sun) and the star “LSR1610” (discovered by your teacher).  

TIP: ALWAYS LOOK FOR THE STAR THAT YOU CAN SEE MOVING!

C. Calculate the year when the star “GK Per” and the “Crab Nebula” Exploded

STEP 1: Display the two images of the object GK Per in two different SAOIMAGE frames. First, 
type  display GK_Per.1953.fits  and when prompted for an image frame type  1  . Then, type  
display  GK_Per.1989.fits  and when prompted for an image frame number, type  2  .

STEP 2: Click the  frame  button on SAOIMAGE, then click on the  previous  and the  next      
buttons to switch between the 1953 and 1989 images.  

STEP 3: Examine how the nebula has grown between 1953 and 1989. Measure the size of the 
bubble in 1953 and 1989.

STEP 4: Think! Estimate the year when this star exploded. (Hint: in what year did the nebula 
started as a point?) 

TRY THE SAME THING WITH THE CRAB NEBULA - IF YOU DARE!

Your answers:

The star GK Per exploded in the year: 

The crab nebula exploded in the year:

V  =   4.74 × D × μ   	  
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Session Seven: Astrometry: Coordinate Systems, Proper Motions, and Expanding Nebulae

Homework 4: Astronomical Coordinates
NAME: 

STEP 1:  Go to the SIMBAD astronomical database. http://simbad.u-strasbg.fr/Simbad
STEP 2: Click on “basic search”: 

which will take you to this page:

STEP 3: Type the name of an astronomical object in the box, and click “Simbad Search”. Simbad will 
then find the right Ascension (r.A.) and Declination (Decl.) for you — plus a lot of other data.

The r.A. and Decl. are listed on the line following “ICRS coords...”
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Session Seven: Astrometry: Coordinate Systems, Proper Motions, and Expanding Nebulae

Homework 4: Astronomical Coordinates - Page 2

STEP 4: Find the celestial coordinates (R.A., Decl.) of all the objects listed on the next page using 
Simbad, Don’t worry about decimals.

STEP 5: Draw the location of the object on the X-Y grid of the Sky, which you will find provided on 
page 3. Proxima is shown already.

STEP 6: What month would be the best to observe each object? Write it down in the third column. (Refer 
to the sky chart posted on the class webpage.)
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Session Seven: Astrometry: Coordinate Systems, Proper Motions, and Expanding Nebulae

Homework 4: Astronomical Coordinates - Page 3

o b j e C t  n A m e

proxima 
Centauri

(nearest star from 
the Sun)

 m 51

(the whirlpool 
Galaxy)

horsehead 
nebula

(a dark dust cloud 

in Orion)

Crab nebula

(a star that 
exploded as a 
supernova) 

Wolf 359

(fifth nearest star 
from the Sun) 
 
sombrero galaxy

(an interesting 
galaxy that looks 
like it’s wearing 
a hat) 
 
Cygnus X-1

(a star which 
orbits around a 
black hole)

C e l e s t i A l  C o o r d i n A t e s b e s t  m o n t h  o F  t h e  y e A r  t o  o b s e r v e ?

r.A. =

Decl.=

r.A. =

Decl.=

r.A. =

Decl.=

r.A. =

Decl.=

r.A. =

Decl.=

r.A. =

Decl.=

r.A. =

Decl.=

14   29   42

-62   40   46
April
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Session Seven: Astrometry: Coordinate Systems, Proper Motions, and Expanding Nebulae

Homework 4: Astronomical Coordinates - Page 4

 	  

P
ro

xi
m

a
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Session Eight: Photometry I: The Magnitude System 
& Color-Magnitude Diagrams

l e A r n i n g  o b j e C t i v e s

Students will:
•	 Learn how astronomers measure the brightness and color of a star

•	 Learn about the “Color-Magnitude Diagram”, and how astronomers use it to identify stars of 
different types and measure the age and distance of star clusters

•	 Learn about main-sequence stars, giants, and white dwarfs, and how to identify them on a color-
magnitude diagram

•	 Learn about stellar evolution

K e y  t o p i C s

•	 Magnitudes and astronomical colors

•	 The color-magnitude diagram

•	 Main-sequence, giants, and white dwarfs

•	 Age and distances of star clusters

C l A s s  o u t l i n e

t i m e

0:00-0:10
 
0:10-0:40 
 
 
0:40-1:30 
 
 
1:30-1:40 
 
 
1:40-2:00

t o p i C

Homework feedback  
Slide show 
 

Activity #9 
(see handout) 

d e s C r i p t i o n

distribute the graded/checked homework #3. discuss the answers.

the magnitude system. how colors are defined. the color-

magnitude diagram. patterns of stars in the diagram.

the color magnitude diagram and stellar evolution. how the mass 

and age of a star determines its magnitude and color.
Slide show

Computer lab. building a color-magnitude diagram.

Color-magnitude diagrams of star clusters. how sequences of colors 

and magnitudes for clusters can be used to determine the distances 

and ages. Clusters must first be ordered by distance, based on the 

location of their main sequence. then they must be ordered by 

age from the youngest to oldest based on how the sequences are 

populated. 

Activity #10 
(see handout)
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Session Eight: Photometry I: The Magnitude System & Color-
Magnitude Diagrams (Continued)

m A t e r i A l s  u s e d 

teacher laptop. student laptops (one per student). printed copies of the handouts for Activity #9 

and Activity #10. pocket calculators.

p r e p  W o r K

upload slide show on the teacher laptop, upload astronomical data folder (Cluster) on all the 

student laptops in the home folder. prepare photocopies of the Activity #9 and Activity #10 

handouts, one per student.

h A l l s  u s e d

room 319 

A u d i o - v i s u A l  n e e d e d

video output, laptop connection 
 

h o m e W o r K

none
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Session Eight: Photometry I: The Magnitude System & Color-Magnitude Diagrams

Activity 9: Build Your Own Color-Magnitude Diagram

NAME: 

Summary: We will measure the magnitudes and colors of stars in a cluster. From this, we will draw a 
“color-magnitude” diagram, and use it to identify the different types of stars in the cluster including: 1) 
stars on the main sequence, 2) giant stars, and 3) white dwarfs. 

  (Color magnitude diagram from Perryman et al. 1998) Perryman et al. 1998) 
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Session Eight: Photometry I: The Magnitude System & Color-Magnitude Diagrams

Activity 9: Build Your Own Color-Magnitude Diagram - Page 2

A. Getting ready

STEP 1: Open SAOIMAGE by clicking on the SAOIMAGE icon on the toolbar.

 

STEP 2: In the XTERM text window, type  pyraf  then press rETUrN. (If it won’t load, type  source .cshrc  
press rETUrN, and then type  pyraf  )

STEP 3: In the XTERM window, type  cd CLUSTER  then press rETUrN.

STEP 4: In the XTERM text window again, type  ls  then press  rETUrN. This should display a list of all 
the images available to you today.

STEP 5: Preset the contrast of your images. Type  epar display  . 

A PYRAF Parameter Editor window will open:

Check that (zscale) is set to “Yes”, and that (zrange) is set to “No”. 
When this is done, click Save & Quit.    
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Session Eight: Photometry I: The Magnitude System & Color-Magnitude Diagrams

Activity 9: Build Your Own Color-Magnitude Diagram - Page 3

B. Measure the Magnitudes

STEP 1: Display the blue (B) image of the cluster. Type  display cluster_B.fits  and when prompted for an 
image frame type  1  . 

STEP 2: In your PYRAF window type  imexam . Move the mouse cursor to your SAOIMAGE and click on 
it. You will see that your cursor now looks like a little black circle. Place it on a star on the image. In the 
SAOIMAGE window, read the X-Y position of the star in the top grey area.  Write down the X-Y values in 
the table on the next page.

STEP 3: Keep the cursor on the star, then type  a  . You will see a bunch of numbers popping up in the 
PYRAF window. One of these numbers is the magnitude of your star. It is the second number to the left, 
under the “MAG” letters.

STEP 4: You can now measure the magnitude of several stars on the same image. Move to another star, 
write down the X-Y position again, and type  a  to get the magnitude of the star.

STEP 5: When you are done measuring all the stars you want, type  q  this will quit the IMEXAM routine. 

STEP 6: Display the visual (V) image of the cluster. Type  display cluster_V.fits  and when prompted for 
an image frame type  2  . 

STEP 7: In your PYRAF window type  imexam  again. Follow the same steps as above to measure the V 
magnitudes of the stars. Make sure you get the V magnitudes for exactly the same stars for which you 
got B magnitudes in steps 3-4. 

Use the X-Y positions to track which star is which.

STEP 8: When you are done measuring all the stars you want in the V image, type  q  again to quit the 
IMEXAM routine. 
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Session Eight: Photometry I: The Magnitude System & Color-Magnitude Diagrams

Activity 9: Build Your Own Color-Magnitude Diagram - Page 4

Measure the magnitudes on both the B and V images for the same stars. Write down the results in the 
table below, then also calculate B - V (the “color”).	   X Y B  V B - V 
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Session Eight: Photometry I: The Magnitude System & Color-Magnitude Diagrams

Activity 9: Build Your Own Color-Magnitude Diagram - Page 5

C) Draw the color-magnitude diagram:

Can you find the red giants? Can you find the white dwarfs?
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Session Eight: Photometry I: The Magnitude System & Color-Magnitude Diagrams

Activity 10: Star Clusters & Color-Magnitude Diagrams

NAME: 

A color-magnitude diagrams display the magnitudes of the stars (on the Y-axis) as a function of their 
color (on the X-axis). 

Here’s an example:

The main feature of the color-magnitude diagram is the MAIN SEQUENCE. In a star cluster, the 
sequence usually runs from the upper left (bright, blue stars) to the lower right (faint, red stars).  The 
shape of the main sequence can tell us the age of a star cluster, and the magnitude (vertical) location of 
the main sequence can tell us the distance of the cluster.
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Session Eight: Photometry I: The Magnitude System & Color-Magnitude Diagrams

Activity 10: Star Clusters & Color-Magnitude Diagrams - Page 2

1. BLUE STArS DIE YOUNG!

Examine the color-magnitude diagrams of the six clusters on the next page. 

Knowing that blue stars are always the first ones to burn-up their fuel and turn into red giants, rank the 
six clusters in order of their age, from the youngest to the oldest. Write your answers in the table below.
 
Place the six clusters in the table, we have already filled up the ages:

Alpha Persei  NGC 2420   NGC 2168 

Berkeley 17   IC 2395   NGC 2099                               

Cluster Age

15 Myr

75 Myr

95 Myr

350 Myr

1.1 Gyr

12.0 Gyr

BE CArEFUL! Some of the stars on the diagrams may not be part of the cluster.

HOW WILL YOU KNOW? Those “non-cluster” stars do not fall on the main sequence.
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Session Eight: Photometry I: The Magnitude System & Color-Magnitude Diagrams

Activity 10: Star Clusters & Color-Magnitude Diagrams - Page 3
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Session Eight: Photometry I: The Magnitude System & Color-Magnitude Diagrams

Activity 10: Star Clusters & Color-Magnitude Diagrams - Page 4

2. DISTANT CLUSTEr, YOUr STArS ArE SO FAINT!

Examine the color-magnitude diagrams of the six clusters on the next page. 

Distant stars look fainter, so the main sequence of a cluster should also look fainter as a whole. In a dis-
tant cluster, the main sequence will look like it is shifted down in the color-magnitude diagram.

Rank the clusters from the closest to the most distant. 

Place these six clusters in the table, we have already filled up the distances:

Pleiades  NGC 6633  Melotte66        

Berkeley 29  Hyades  NGC 1245                                               

Cluster Distance 

45 parsecs

150 parsecs

375 parsecs

2,900 parsecs

4,400 parsecs

15,000 parsecs

HINT: In each cluster, how bright are the main sequence stars with a color B - V = 1.0? 

Careful with those bright red giants: they are NOT part of the main sequence!
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Session Eight: Photometry I: The Magnitude System & Color-Magnitude Diagrams

Activity 10: Star Clusters & Color-Magnitude Diagrams - Page 5
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Session Nine: Photometry II: Light Curves & Variable 
Stars

l e A r n i n g  o b j e C t i v e s

Students will:
•	 Learn that many stars are variable

•	 Learn four main classes of variables: pulsating stars, exploding/erupting stars, eclipsing binary 
stars, exoplanet transits

•	 Learn how astronomers use a “light-curve” to establish the variability of a star, and how to create 
one

•	 Learn the typical patterns of light curves, and how to identify the variability mechanism in a star

K e y  t o p i C s

•	 Variable stars

•	 Light curves

•	 Pulsating variables

•	 Erupting/exploding variables

•	 Eclipsing binaries

•	 Exoplanet transits

C l A s s  o u t l i n e

t i m e

0:00-0:05
 
0:15-0:45 

 
 
1:55-2:00 
 

 

1:55-2:00 
 
 

t o p i C

Slide show  

Activity #11 
(see handout) 

Homework #5  
(see handout)

 

d e s C r i p t i o n

Collect homework #4.

slides 1-18. variable stars. how they are detected. how they vary. 

different types: explosive/erupting, pulsating, eclipsing doubles, 

exoplanet transits. 

Computer lab. light curves and variable stars. part i: mix and match 

light curves for all possible types of eclipsing systems. part ii: build a 

light curve of an object after measuring its flux/magnitude straight 

out of a set of synthetic data. imported results into a spreadsheet and 

generate a light-curve. students must identify the type of variable 

star from the light curve.

distribute homework #5.
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Sessssion Nine: Photometry II: Light Curves & Variable Stars 
(Continued)

m A t e r i A l s  u s e d 

teacher laptop, student laptops (one per student), copies of the handout for Activity #11 and 

homework #5, pocket calculators 

p r e p  W o r K

upload slide show on the teacher laptop, upload astronomical data folders (light_Curves, 

vAriAbles) on all the student laptops in the home folder. prepare photocopies of the Activity #11 

handout, and the homework #5 handout, one per student.

h A l l s  u s e d

room 319 

A u d i o - v i s u A l  n e e d e d

video output, laptop connection 
 

h o m e W o r K

homework #5 
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Session Nine: Photometry II: Light Curves & Variable Stars 

Activity 11: Light curves and variable stars

NAME: 

Summary: In this lab, we will construct a light curve for a variable star and use it to identify what makes 
the star variable. Is it a pulsator? Is it a double star showing eclipses?  

Basic ideas: A light curve is a plot of the magnitude of a star as a function of time. The shape of the light 
curve has a very specific signature (or shape) depending on what type of variable star this is.
                                                                                
Here is one example: The light curve plots the magnitude of the variable star R Cygni as a function of 
time. The shape of the light curve tells us that R Cygni is a pulsating variable. 

Task 1: “rEAD” THE LIGHT CUrVES

STEP 1: Open the folder called LIGHT_CURVES (on the desktop)
STEP 2: Double-click on the pictures to view them. These are light-curves from 15 different variable  
stars. Examine them carefully.

      ASAS 0645  Draco 1720+5757  SN1994i
      WASP 1   Bul sc5 2859   GSC 04778
      TrES 4b   XO 2S    CE Her 
       M71 d   UX HER   XY LEO
       CFA3   M71 g    V442 Her

STEP 3: Place each star into one of the categories below: 

Eclipsing binaries (detached)

Eclipsing binaries (contact)

Pulsating stars

Erupting/exploding stars

Exoplanet transits
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Session Nine: Photometry II: Light Curves & Variable Stars

Activity 11: Light curves and variable stars - Page 2

Task 2: BUILD YOUr OWN LIGHT CUrVE

STEP 1: Open SAOIMAGE by clicking on the SAOIMAGE icon on the toolbar.

 

STEP 2: In the X11 window, start the PYRAF software by typing  PYRAF  

STEP 3: Move to the VARIABLES folder by typing  cd VARIABLES

STEP 4: Display an image by directly using the “imexam” command. No need to use “display” this 
time around. Image names all start with “var1.”, “var2.”, “var3.”, or “var4.” followed by a numeral from, 
for example: imexam  var1.015

STEP 5: The code will say “display frame (1:)  (1):”   Just type 1

STEP 6: Move the cursor to the star on center on the image. First, CLICK on the mouse, then type  a  on 
the keyboard. In the X11 window, you will see something pop up like this:
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Session Nine: Photometry II: Light Curves & Variable Stars

Activity 11: Light curves and variable stars - Page 3

STEP 7: The second number from the left on the last line is the magnitude of the star you clicked:

 

STEP 8: Write down this magnitude in the tables on the next page.  Make sure to write the number in the 
correct box.

STEP 9: Draw the point on the graph. 

STEP 10:  Done for this image?  Hit  q  on the keyboard.  

STEP 11: Go back to step 4 to display another image.

HELP! I SEE LOTS OF STArS, WHICH ONE SHOULD I CLICK ON?
Chill out! The variable stars are in the exact center of the images. 

MAN! ISN’T THAT A LOT OF WOrK? 
Why don’t you team up with your neighbors? Just split the work and share your results. Scientists do 
that all the time. 

Here’s the 
magnitude.
It is 13.57 for
that star.
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Session Nine: Photometry II: Light Curves & Variable Stars

Activity 11: Light curves and variable stars - Page 4

 Table of measurements for variable star #1  (“ var1. ” images)

	  

image time 
(days) 

magnitude 
of variable 

var1.001 0.017  
var1.002 0.028  

var1.003 0.042  
var1.004 0.053  

var1.005 0.07  
var1.006 0.087  
var1.007 0.107  

var1.008 0.123  
var1.009 0.144  

var1.010 0.16  
var1.011 0.179  
var1.012 0.194  

var1.013 0.206  
var1.014 0.219  

var1.015 0.234  
var1.016 0.251  

var1.017 0.268  
var1.018 0.283  
var1.019 0.295  

var1.020 0.31  
var1.021 0.32  

var1.022 0.332  
var1.023 0.343  
var1.024 0.362  

var1.025 0.386  
 

image time 
(days) 

magnitude 
of variable 

var1.026 0.407  
var1.027 0.42  

var1.028 0.431  
var1.029 0.448  

var1.030 0.471  
var1.031 0.497  
var1.032 0.52  

var1.033 0.533  
var1.034 0.541  

var1.035 0.554  
var1.036 0.562  
var1.037 0.57  

var1.038 0.579  
var1.039 0.594  

var1.040 0.614  
var1.041 0.632  

var1.042 0.65  
var1.043 0.668  
var1.044 0.686  

var1.045 0.697  
var1.046 0.709  

var1.047 0.724  
var1.048 0.732  
var1.049 0.742  

var1.050 0.809  
 

image time 
(days) 

magnitude 
of variable 

var1.051 0.82  
var1.052 0.831  

var1.053 0.845  
var1.054 0.861  

var1.055 0.873  
var1.056 0.897  
var1.057 0.91  

var1.058 0.93  
var1.059 0.947  

var1.060 0.962  
var1.061 0.982  
var1.062 0.997  

var1.063 1.008  
var1.064 1.021  

var1.065 1.038  
var1.066 1.058  

var1.067 1.073  
var1.068 1.086  
var1.069 1.102  

var1.070 1.112  
var1.071 1.122  

var1.072 1.134  
var1.073 1.146  
var1.074 1.167  

var1.075 1.19  
 

image time 
(days) 

magnitude 
of variable 

var1.076 1.209  
var1.077 1.222  

var1.078 1.234  
var1.079 1.256  

var1.080 1.277  
var1.081 1.302  
var1.082 1.324  

var1.083 1.334  
var1.084 1.343  

var1.085 1.356  
var1.086 1.364  
var1.087 1.372  

var1.088 1.383  
var1.089 1.4  

var1.090 1.418  
var1.091 1.437  

var1.092 1.454  
var1.093 1.473  
var1.094 1.492  

var1.095 1.502  
var1.096 1.516  

var1.097 1.526  
var1.098 1.535  
var1.099 1.544  

var1.100 1.554  
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 Table of measurements for variable star #2 (“ var2. ” images)

	  

image time 
(days) 

magnitude 
of variable 

var2.001 1.08  
var2.002 1.1  

var2.003 1.18  
var2.004 1.28  

var2.005 1.4  
var2.006 1.6  
var2.007 1.62  

var2.008 1.71  
var2.009 1.72  

var2.010 1.75  
var2.011 1.77  
var2.012 1.8  

var2.013 1.81  
var2.014 1.92  

var2.015 1.93  
var2.016 2.02  

var2.017 2.25  
var2.018 2.27  
var2.019 2.28  

var2.020 2.35  
var2.021 2.37  

var2.022 2.38  
var2.023 2.42  
var2.024 2.43  

var2.025 2.45  
 

image time 
(days) 

magnitude 
of variable 

var2.026 2.46  
var2.027 2.48  

var2.028 2.49  
var2.029 2.5  

var2.030 2.505  
var2.031 2.51  
var2.032 0.52  

var2.033 2.53  
var2.034 2.535  

var2.035 2.54  
var2.036 2.55  
var2.037 2.57  

var2.038 2.58  
var2.039 2.6  

var2.040 2.63  
var2.041 2.73  

var2.042 2.75  
var2.043 2.94  
var2.044 2.96  

var2.045 3.01  
var2.046 3.08  

var2.047 3.15  
var2.048 3.17  
var2.049 3.22  

var2.050 3.23  
 

image time 
(days) 

magnitude 
of variable 

var2.051 3.25  
var2.052 3.4  

var2.053 3.42  
var2.054 3.72  

var2.055 4.06  
var2.056 4.12  
var2.057 4.18  

var2.058 4.27  
var2.059 4.29  

var2.060 4.4  
var2.061 4.42  
var2.062 4.76  

var2.063 4.78  
var2.064 4.79  

var2.065 4.82  
var2.066 4.83  

var2.067 4.85  
var2.068 4.86  
var2.069 4.88  

var2.070 4.89  
var2.071 4.9  

var2.072 4.92  
var2.073 4.93  
var2.074 4.94  

var2.075 4.95  
 

image time 
(days) 

magnitude 
of variable 

var2.076 4.96  
var2.077 4.97  

var2.078 4.98  
var2.079 4.99  

var2.080 5  
var2.081 5.02  
var2.082 5.03  

var2.083 5.04  
var2.084 5.05  

var2.085 5.055  
var2.086 5.06  
var2.087 5.1  

var2.088 5.12  
var2.089 5.23  

var2.090 5.26  
var2.091 5.3  

var2.092 5.35  
var2.093 5.37  
var2.094 5.43  

var2.095 5.45  
var2.096 5.5  

var2.097 5.56  
var2.098 5.7  
var2.099 5.72  

var2.100 5.77  
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Activity 11: Light curves and variable stars - Page 8

Table of measurements for variable star #3  (“ var3. ” images)
	  

image time 
(days) 

magnitude 
of variable 

var3.001 11.4  
var3.002 12.6  

var3.203 12.8  
var3.004 14  

var3.005 15.2  
var3.006 16.4  
var3.007 17.5  

var3.008 17.8  
var3.009 18.5  

var3.010 19  
var3.011 19.7  
var3.012 20  

var3.013 20.2  
var3.014 20.9  

var3.015 21  
var3.016 21.1  

var3.017 22.2  
var3.018 22.4  
var3.019 23.4  

var3.020 24.7  
var3.021 25.3  

var3.022 26  
var3.023 26.6  
var3.024 27.2  

var3.025 27.4  
 

image time 
(days) 

magnitude 
of variable 

var3.026 28.1  
var3.027 28.7  

var3.028 29.9  
var3.029 31.4  

var3.030 32.5  
var3.031 32.8  
var3.032 33.9  

var3.033 34  
var3.034 35.3  

var3.035 36.6  
var3.036 37.7  
var3.037 38.4  

var3.038 38.9  
var3.039 39.1  

var3.040 39.7  
var3.041 40.2  

var3.042 40.3  
var3.043 40.9  
var3.044 41.1  

var3.045 41.9  
var3.046 42.2  

var3.047 42.4  
var3.048 43.6  
var3.049 44.9  

var3.050 45.6  
 

image time 
(days) 

magnitude 
of variable 

var3.051 46.1  
var3.052 46.9  

var3.053 47.3  
var3.054 47.5  

var3.055 48.5  
var3.056 49.4  
var3.057 51.2  

var3.058 51.5  
var3.059 52.7  

var3.060 52.8  
var3.061 54  
var3.062 55.2  

var3.063 56.5  
var3.064 57.6  

var3.065 57.8  
var3.066 58.6  

var3.067 59  
var3.068 59.7  
var3.069 60.1  

var3.070 60.2  
var3.071 60.9  

var3.072 61  
var3.073 61.1  
var3.074 62.2  

var3.075 62.3  
 

image time 
(days) 

magnitude 
of variable 

var3.076 63.5  
var3.077 64.7  

var3.078 65.4  
var3.079 66  

var3.080 66.6  
var3.081 67.2  
var3.082 67.5  

var3.083 68.2  
var3.084 68.7  

var3.085 69.9  
var3.086 71.4  
var3.087 72.5  

var3.088 72.8  
var3.089 73.9  

var3.090 74.1  
var3.091 75.3  

var3.092 76.6  
var3.093 77.7  
var3.094 78.5  

var3.095 78.9  
var3.096 79.13  

var3.097 79.7  
var3.098 80.2  
var3.099 80.4  

var3.100 80.9  
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Table of measurements for variable star #4  (“ var4. ” images)

	  

image time 
(days) 

magnitude 
of variable 

var4.001 21.9  
var4.002 22.3  
var4.003 22.9  
var4.004 23.1  
var4.005 24.1  
var4.006 24.4  
var4.007 24.9  
var4.008 25.3  
var4.009 26.3  
var4.010 27.5  
var4.011 27.9  
var4.012 28.1  
var4.013 29.2  
var4.014 30.4  
var4.015 30.5  
var4.016 31.1  
var4.017 31.5  
var4.018 31.6  
var4.019 32.2  
var4.020 33.1  
var4.021 33.5  
var4.022 34  
var4.023 36.5  
var4.024 38.2  
var4.025 38.4  

 

image time 
(days) 

magnitude 
of variable 

var4.026 39.2  
var4.027 39.4  
var4.028 40.1  
var4.029 40.4  
var4.030 41.4  
var4.031 42.3  
var4.032 42.5  
var4.033 43.1  
var4.034 43.5  
var4.035 45.1  
var4.036 46.3  
var4.037 46.4  
var4.038 46.5  
var4.039 46.6  
var4.040 47.5  
var4.041 48.4  
var4.042 50.4  
var4.043 51.5  
var4.044 53.4  
var4.045 54.4  
var4.046 55.4  
var4.047 58.4  
var4.048 59.2  
var4.049 59.5  
var4.050 62.5  

 

image time 
(days) 

magnitude 
of variable 

var4.051 63.2  
var4.052 63.4  
var4.053 64.4  
var4.054 64.5  
var4.055 66.4  
var4.056 69.6  
var4.057 71.6  
var4.058 72.2  
var4.059 73.5  
var4.060 75.2  
var4.061 75.5  
var4.062 78.5  
var4.063 81.6  
var4.064 83.4  
var4.065 84.2  
var4.066 87.1  
var4.067 87.6  
var4.068 90.5  
var4.069 91.13  
var4.070 95.5  
var4.071 97.1  
var4.072 98.4  
var4.073 100.1  
var4.074 104.1  
var4.075 111.4  

 

image time 
(days) 

magnitude 
of variable 

var4.076 113.4  
var4.077 115  
var4.078 117  
var4.079 121  
var4.080 124  
var4.081 127  
var4.082 131  
var4.083 134  
var4.084 135  
var4.085 140  
var4.086 154  
var4.087 160  
var4.088 161  
var4.089 171  
var4.090 185  
var4.091 191  
var4.092 191  
var4.093 194  
var4.094 200  
var4.095 202  
var4.096 205  
var4.097 208  
var4.098 210  
var4.099 217  
var4.100 221  
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Session Nine: Photometry II: Light Curves & Variable Stars

Homework 5: Hunt for Alien Earths 
NAME: 

1. Watch the video: “Hunt for Alien Earths”.  The link is on the class webpage: http://amnh-srmp.
ning.com/page/diy-astronomy

2. Answer the question: 

Describe the three types of telescopes mentioned in the movie, and how each one is used to 
search for exoplanets: 
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Session Ten: Spectroscopy I: Atomic Lines & Spectral 
Classification

l e A r n i n g  o b j e C t i v e s

Students will:
•	 Learn what a spectrum is and what spectra from different sources looks look like

•	 Learn how to make a spectrum

•	 Learn how prisms and gratings work

•	 Learn about spectral classification, spectral typing and the OBAFGKMLTY system, and how 
spectral types depend on surface temperatures

K e y  t o p i C s

•	 The spectrum of the Sun

•	 Prisms and gratings

•	 Thermal spectra and atomic spectra

•	 Spectral classification

•	 The OBAFGKMLTY system

C l A s s  o u t l i n e

t i m e

0:00-0:15
 
0:15-0:30 

 
0:30-0:45 
 

 

0:45-1:00 

1:00-2:00 
 

t o p i C

Homework feedback

Slide show  

Demonstration 

Slide show

Activity #12 
(see handout)

 

d e s C r i p t i o n

distribute the graded/checked homework #4. discuss the answers.

how is light split into its different colors to produce a spectrum? the 

prism and how it works. the grating and how it works.

What spectra look like. students use grating slides to look at various 

sources of light: white light, colored light, arc lamps from different 

elements.

spectral classification of stars and how  a classification system was 

developed. Annie jump Cannon’s contributions. the obAFgKmlty 

system.

do-it-yourself spectral classification. students classify stars from the 

sloan digital sky survey by spectral subtype.
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Sessssion Ten: Spectroscopy I: Atomic Lines & Spectral Classification 
(Continued)

m A t e r i A l s  u s e d 

teacher laptop, student laptops (1 per student), copies of the handout for Activity #12 and 

homework #5, lamps (thermal, arcs), sets of diffraction grating slides

p r e p  W o r K

upload slide show on the teacher laptop, upload astronomical data folder (speCtrAl_types) on 

all the student laptops in the home folder. prepare photocopies of the Activity #12 handout, one 

per student.

h A l l s  u s e d

room 319 

A u d i o - v i s u A l  n e e d e d

video output, laptop connection 
 

h o m e W o r K

none
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Session Ten: Spectroscopy I: Atomic Lines & Spectral Classification

Activity 12: Tools of Astronomy Class 

NAME: 

Spectral Classification (Part I) 

Basic idea:

The SPECTrUM plots how much light is emitted by a star or galaxy as a function of the wavelength (i.e. 
color) of the light.                                      

The simplest version, also called PHOTOGrAPHIC SPECTrUM, plots the intensity of light as a function 
of color, in black-and-white. This is like taking a black and white photograph of a little rainbow:  

By convention, the bluer light (short wavelength) is to the left, and the redder light (long wavelength) is 
to the right.

Here’s another example, which shows the well-known atomic lines of the element hydrogen:

Note that the ”lines” are dark because they are absorption lines, i.e. these colors are missing from the 
rainbow. This is what we normally see in stars. Note the location of the hydrogen lines.

	  

	  
GreenBlue red
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Session Ten: Spectroscopy I: Atomic Lines & Spectral Classification 

Activity 12: Tools of Astronomy Class - Page 2

Task 1: CLASSIFY STArS BY COLOr 
This task should be performed in groups of 2-3 people.

•	 On the desktop, search for a folder called SPECTrAL_TYPES and open it.
•	 Open the TASK#1 folder. The folder contains the photographic spectrum for 12 different stars. The 

stars are simply numbered 1 to 12.
•	 Carefully examine each photographic spectrum, and classify the stars into the three types listed 

below:

Type Name Defining Characteristic Star number #
BLUE has more blue light

EVEN is about even

rED has more red light

Task 2: CLASSIFY STArS BY THEIr ATOMIC LINES
This task should be performed in groups of 2-3 people.

•	 Now open the TASK#2 folder. The folder contains photographic spectrum for the very same 12 stars 
as in task one.

•	 Examine each photographic spectrum again. This time classify the stars according to the patterns 
of  their atomic lines, following the three types listed below:

Type Name Defining Characteristic Star number #
H hydrogen lines dominate

H+OTHEr hydrogen lines + others

NO H no hydrogen lines at all

Are the two classification systems the same?
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Session Ten: Spectroscopy I: Atomic Lines & Spectral Classification 

Activity 12: Tools of Astronomy Class - Page 3

Spectral Classification (Part II)

The SPECTrOGrAM is a more sophisticated version of the photographic spectrum. It plots the intensity 
of light as a function of the wavelength of the light on a X-Y graph:

	  

Bluer redder
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Session Ten: Spectroscopy I: Atomic Lines & Spectral Classification 

Activity 12: Tools of Astronomy Class - Page 4

Task 3: CLASSIFYING STArS BY MEASUrING THE STrENGTH OF THEIr HYDrOGEN LINES 
This task should be performed in groups of 2-3 people.

Step 1:

•	 Open the folder TASK#3. It contains a spectrogram for 7 different stars. The full spectrogram is 
shown on the top. The bottom spectrogram shows a blow-up of the hydrogen-alpha (or H-alpha) 
atomic line region. 

•	 Rank the stars according to the strength of their hydrogen-alpha line, and write your results in 
TABLE 1 below. The hydrogen types are already filled-in. You can use the grid to measure the 
strength of the line by calculating the area under it.

Hydrogen Type Star #
A (has strongest hydrogen)

B

F

G

K

M

O (has weakest hydrogen)

Step 2:

Now rank the same seven stars again, this time in order from the bluest to the reddest. Write down your 
results in the second column of TABLE 2 below. 

Step 3:

Look in TABLE 1 and, find each star’s hydrogen type (A to O). Write it down next to the name of the star 
in column 3 of Table 2. 

What is the Hydrogen letter sequence (column 3), from the bluest to the reddest star?

               ,  ,  ,  ,  ,  ,  .

Does this remind you of something you’ve read or heard? 

TABLE 1

stronger hydrogen line

weaker hydrogen line
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Session Ten: Spectroscopy I: Atomic Lines & Spectral Classification 

Activity 12: Tools of Astronomy Class - Page 5

Task 4: CLASSIFY STArS IN THE STANDArD (“MK”) SYSTEM

Open the folder TASK#4. It contains a spectrogram for 36 different stars. Compare the spectrograms 
to those on the classification standards sheet. Look at the similarities and differences. Find the spectral 
type for each of the stars, and write them down in the table below.

 
Are there any stars that cannot be classified at all?

	   Star number your spectral type 

51520-0728-354  

51690-0341-470  

51691-0342-518  

51692-0339-539  

51703-0353-521  

51788-0373-440  

51788-0386-092  

51795-0389-041  

51817-0399-351  

51821-0359-007  

51821-0359-273  

51871-0403-018  

51883-0271-067  

51884-0432-156  

51909-0270-030  

51909-0276-370  

51913-0274-422  

51929-0473-353  
 

Star number your spectral type 

51943-0300-598  

51957-0273-283  

512174-0637-630  

52294-0327-183  

52313-0333-097  

52339-0888-314  

52354-0813-208  

52376-0794-330  

52378-0916-496  

52425-0960-539  

52431-0985-099  

52468-0729-458  

52523-0987-153  

52672-1202-057  

52699-0349-207  

52708-1263-474  

53442-1983-285  

53793-2357-489  
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Session Ten: Spectroscopy I: Atomic Lines & Spectral Classification 

Activity 12: Tools of Astronomy Class - Page 6

“MK“ CLASSIFICATION STANDArDS SHEET

	  

 type B 
 

type F 
 

type A 
 

	  

type M (late) 
type M (early) 
 

 

type K 
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Session Eleven: Spectroscopy II: radial Velocity and 
Cosmological redshift

l e A r n i n g  o b j e C t i v e s

Students will:
•	 Learn how the wavelength of light changes with the relative motion of the source to the 

observer: redshift and blueshift.

•	 Measure the wavelength shift from objects moving at different speeds, and noting that the 
redshift and blueshift is usually very small and does not generally affect the color of a star 

•	 Learn how atomic spectral lines can be used to measure radial velocities 

•	 Learn about “spectral resolution”, and what type of spectrograph is needed to measure motions 
of different scales

•	 Learn about cosmological redshift and the expansion of the Universe

K e y  t o p i C s

•	 Redshift and blueshift

•	 Radial velocities

•	 Using atomic lines to measure redshift/blueshift

•	 Low resolution and high resolution spectrographs

•	 Cosmological redshift, and the expansion of the Universe

•	 Quasars

C l A s s  o u t l i n e

t i m e

0:00-0:05
 
0:15-0:45 

                            
0:45-1:55 
 

t o p i C

Slide show  

 
Activity #13 
(see handout)

 

d e s C r i p t i o n

Collect homework #5.

What is the redshift (or blueshift)? how is redshift used to measure 

the speed of an object? Which objects in astronomy show redshift 

or blueshift? how can speeds be measured accurately? What is the 

“resolution” of a spectrograph? 

Computer lab. redshifts of quasars. students must find atomic lines 

in the spectra of quasars from the sloan digital sky survey, and 

calculate their redshift. 
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Session Eleven: Spectroscopy II: radial Velocity and Cosmological 
redshift (Continued)

m A t e r i A l s  u s e d 

teacher laptop, student laptops (1 per student), copies of the handout for Activity #13 

p r e p  W o r K

upload slide show on the teacher laptop, upload astronomical data folder (redshiFt) on all the 

student laptops in the home folder. prepare photocopies of the Activity #13 handout, one per 

student.

h A l l s  u s e d

room 319 

A u d i o - v i s u A l  n e e d e d

video output, laptop connection 
 

h o m e W o r K

none
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Session Eleven: Spectroscopy II: radial Velocity and Cosmological redshift

Activity 13: Spectroscopic redshifts, radial velocities, 
and distances of quasars

NAME: 

Summary: In this lab, we will observe and measure the redshift and blueshift in the spectra of astro-
nomical objects. First we will measure the redshift of quasars, which are bright, supermassive black 
holes in very distant galaxies. The redshift will be used to evaluate their cosmological distance. 
                                                                                   
QUASArS: Quasars are created by supermassive black holes in the centers of galaxies. Because of the 
expansion of the Universe, all quasars are moving away from us very large speeds. As a result, their 
atomic lines are strongly redshifted. By measuring the redshift of a quasar, it is possible to calculate the 
speed at which it is moving away from us (the radial velocity) and also its distance from us.

Task 1: IDENTIFY ATOMIC LINES IN QUASArS

Spectra of several quasars have been uploaded in the RADIAL_VELOCITY folder on your computer. Your 
task is to examine the spectra and try to identify the big spectral lines. This will help you figure out if the 
spectrum is from a low-redshift quasar (not too far away), from a medium-redshift quasar (pretty far 
away), or from a  high-redshift quasar (really, really far away).

Use the three examples from the following pages as a guide.
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Session Eleven: Spectroscopy II: radial Velocity and Cosmological redshift 

Activity 13: Spectroscopic redshifts, radial velocities, and distances of 
quasars - Page 2

Example 1: low-redshift quasar

Low-redshift quasars show large emission lines of hydrogen, called H-beta and H-alpha. The H-alpha 
line is the largest, and always to the right of H-beta. 

The H-beta line is easy to spot because it usually has two sharp and narrow atomic lines of oxygen im-
mediately next to it. WATCH OUT FOR IT! 

	  

 

 

 H-alpha 
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Session Eleven: Spectroscopy II: radial Velocity and Cosmological redshift 

Activity 13: Spectroscopic redshifts, radial velocities, and distances of 
quasars - Page 3

Example 2: medium-redshift quasar

Medium-redshift quasars have a lonely line of magnesium shaped like a triangle. Sometimes you can 
also see two lines of carbon on the red side, also shaped like triangles. 

	  

 

  

 

Carbon 
 



Science Research Mentoring Program DIY ASTRONOMY

© 2013 American Museum of Natural History. All Rights Reserved. 95

Session Eleven: Spectroscopy II: radial Velocity and Cosmological redshift 

Activity 13: Spectroscopic redshifts, radial velocities, and distances of 
quasars - Page 4

Example 3: high-redshift quasar

High-redshift quasars have a strong line of hydrogen called “Lyman-alpha”. It always has a “hump” on 
the red side, and a deep valley or hole on the blue side. 

VErY IMPOrTANT:  because the atomic lines in quasars can be shifted to the red or blue by any 
amount, these lines never show up at the same place (wavelength). You need to recognize them by their 
shape. They can be anywhere!

	  

 

 

hump 

hole 
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Session Eleven: Spectroscopy II: radial Velocity and Cosmological redshift 

Activity 13: Spectroscopic redshifts, radial velocities, and distances of 
quasars - Page 5

Quasar number What redshift ?
 (High / Medium / Low) 

Which atomic line can you see?
(Lyman-alpha / magnesium / H-beta) 

QUASAr-01 High Lyman-alpha

QUASAr-02
QUASAr-03
QUASAr-04
QUASAr-06
QUASAr-07
QUASAr-09
 QUASAr-10
QUASAr-13
QUASAr-16
QUASAr-17
QUASAr-19
QUASAr-20
QUASAr-25
QUASAr-29
QUASAr-30

Task 2: CALCULATE THE rEDSHIFT, rADIAL VELOCITY, AND DISTANCE

Look at the table below. It shows you the “normal” wavelength of the three main hydrogen lines and of 
the Magnesium line.

These would be the wavelengths if the quasars were NOT redshifted. These are called the “rest 
wavelengths”.

Atomic line rest Wavelength
Lyman-alpha 1614 Angstrom (161.4 nm)

Magnesium 2800 Angstrom (280.0 nm)

H-beta 4861 Angstrom (486.1 nm)

H-alpha 6563 Angstrom (656.3 nm)

You will use these values to calculate the redshift and distances of your quasars.
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Session Eleven: Spectroscopy II: radial Velocity and Cosmological redshift 

Activity 13: Spectroscopic redshifts, radial velocities, and distances of 
quasars - Page 6

Take out your calculator, and follow these steps:

STEP 1: In the table on the next page, write down the “rest Wavelength” of the line you will be using 
for  each quasar. (Use the table above to figure out the rest wavelength.)

STEP 2: Measure the wavelength at which this atomic line shows up on your spectrum.

STEP 3: Calculate the redshift, also called “Z” by astronomers, using this formula:

                       
                                                                   

STEP 4: Estimate the radial velocity by matching your value of  Z  to the closest value in the table 
below:

 ( MEASURED  WAVELENGTH )   −   (REST WAVELENGTH) 

(REST WAVELENGTH)
 Z =

	   Z radial velocity 

0.1 28,500 km/s 

0.2 54,000 km/s 

0.3 77,000 km/s 

0.4 97,500 km/s 

0.5 115,500 km/s 

0.6 131,500 km/s 

0.7 146,000 km/s 

0.8 158,500 km/s 

0.9 170,000 km/s 

1.0 180,000 km/s 
 

Z radial velocity 

1.1 189,000 km/s 

1.2 197,000 km/s 

1.3 204,500 km/s 

1.4 211,000 km/s 

1.5 217,000 km/s 

1.6 222,500 km/s 

1.7 227,500 km/s 

1.8 232,000 km/s 

1.9 236,000 km/s 

2.0 240,000 km/s 
 

Z radial velocity 

2.1 243,500 km/s 

2.2 246,500 km/s 

2.3 250,500 km/s 

2.4 252,000 km/s 

2.5 255,000 km/s 

2.6 257,000 km/s 

2.7 259,000 km/s 

2.8 261,000 km/s 

2.9 263,000 km/s 

3.0 265,000 km/s 
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Activity 13: Spectroscopic redshifts, radial velocities, and distances of 
quasars - Page 7

Step 5: Calculate the distance of your quasars using this formula:

[ DISTANCE ]  = ( [ RADIAL VELOCITY ]  ÷  71  km/s  ) ×  0.00326 billion light-years    

The distances you calculate will be in millions of light-years! The value of 71 km/s is famously called the 
HUBBLE CONSTANT.

Quasar # measured 
wavelength

rest 
wavelength

Z radial velocity
(km/s)

Distance
(billion light-years)

QUASAr-01 800 1614 1.97 240,000 11.0
QUASAr-02

QUASAr-03

QUASAr-04

QUASAr-06

QUASAr-07

QUASAr-09

QUASAr-10

QUASAr-13

QUASAr-16

QUASAr-17

QUASAr-19

QUASAr-20

QUASAr-25

QUASAr-29

QUASAr-30

Which quasar is the most distant?
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Session Twelve: Thinking Like an Astronomer: 
Observing Proposals and Class Synthesis

l e A r n i n g  o b j e C t i v e s

Students will:
•	 Learn how and why astronomers carefully plan their astronomical observations

•	 Learn how astronomers have to compete for access to telescopes

•	 Learn how to decide which technique/telescope/instrument to use to answer specific 
astrophysical questions.

K e y  t o p i C s

•	 Limited access to large telescopes

•	 Observing proposals

•	 Choosing the best instrument/telescope 

•	 Course review and synthesis 

C l A s s  o u t l i n e

t i m e

0:00-0:10   
0:10-0:30 

     0:30-0:45               
0:45-1:00

0:45-2:00 
 

t o p i C

Homework feedback  
Assessment survey 
 
Slide show  

Slide show

 
Term Project 
(see handout - the 
table filled in red is 
the solution key for 
teacher’s reference)

 

d e s C r i p t i o n

distribute the graded/checked homework #5. discuss the answers. 
 

Administer assessment test.  
 

review questions for the class. 
 
how astronomers compete for time on large telescope. proposals. 

Careful planning. 
 

Class breaks out in small groups (2-3). each team is allocated a laptop 

and develops an “observing proposal”. teacher should guide teams 

through the procedure (selection of research method, camera/

spectrograph, telescope/observing site). students can use the 

internet to research their project, and find an image to illustrate it.
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Sessssion Twelve: Thinking Like an Astronomer: Observing Proposals 
and Class Synthesis (Continued)

m A t e r i A l s  u s e d 

teacher laptop, student laptops (1 per student), copies of the handout for the term project

p r e p  W o r K

upload slide show on the teacher laptop. prepare photocopies of the Activity #14 handout, 

one per student. prepare photocopies of the pre/post test and science attitude survey, one per 

student.

h A l l s  u s e d

room 319 

A u d i o - v i s u A l  n e e d e d

video output, laptop connection 
 

h o m e W o r K

none
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Session Twelve: Thinking Like an Astronomer: Observing Proposals and Class Synthesis

FINAL PrOJECT: THINK LIKE AN ASTrONOMEr: 
CAN YOU GUESS HOW?
 
NAME: 

WHAT TO DO:

STEP 1: read the 8 different “research  projects”. They’re labeled “A” to “H”.

STEP 2: Find out what section of the sky you will need to observe. Use the internet (SIMBAD) to find 
the right ascension and declination of the objects. Plot this location on the map of the sky provided to 
you.

STEP 3: Select the observing method you will need to use for each project. Pick one of the five from 
the list. Some methods will be used more than once.

STEP 4: Select the best telescope and instrument of the program. Pick one of the eight telescopes on 
the list of. 
 
STEP 5: Select the best month of the year to do the observation. 

FILL IN ALL THE INFOrMATION IN THE ATTACHED TABLE!
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Session Twelve: Thinking Like an Astronomer: Observing Proposals and Class Synthesis 

FINAL PrOJECT: THINK LIKE AN ASTrONOMEr: CAN YOU GUESS 
HOW? - Page 2
 
STEP 1: Read the 8 different “research  projects”. They’re labeled “A” to “H”.

PrOJECT  A: 

A new planet has been discovered around the star GJ 1214, using the technique of redshift / blueshift. 
The orbital period of the planet is just 1.6 days. Astronomers suspect that the planet may be causing a 
transit (eclipse) of its star. 

The goal of this project is to monitor the star to try and detect a planetary transit in the star GJ 1214. The 
transit will be very small and difficult to measure.

PrOJECT  B:

Trumpler 10 is a star cluster that contains several hundred stars. We don’t know how old this cluster is. 

The goal of this program is to map out the “main sequence” of the stars in Trumpler 10 to try and 
estimate its age.

PrOJECT  C:

Astronomers have discovered what looks like a quasar in the galaxy NGC 7319. They suspect that the 
quasar is not really inside NGC 7319, but is very far away behind it, and that the two simply happen to be 
in the same part of the sky. 

The goal of this program is to measured the cosmological redshift and distance of the quasar, to prove 
that it is indeed very far away, and behind NGC 7319. The quasar is very faint (magnitude 20).

PrOJECT  D:

Astronomers have discovered that the bright star V343 Centauri is a double star. They suspect that the 
system might be a contact binary (the two stars touching) but they’re not sure. 

The goal of this program is to make observations that will verify if V343 Centauri is a regular binary or if 
it is a contact binary. 
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Session Twelve: Thinking Like an Astronomer: Observing Proposals and Class Synthesis 

FINAL PrOJECT: THINK LIKE AN ASTrONOMEr: CAN YOU GUESS 
HOW? - Page 3
 
PrOJECT  E:

The star GK Persei is a nova, a star that has large eruptions every few centuries. (Like big explosions, but 
they do not destroy the star.) 

In 1950, a small nebula was detected around ”GK Persei”, which is probably a cloud ejected in an 
explosion. We don’t know when the explosion happened.

The goal of this project is to obtain new images of “GK Persei” to try and calculate when the star 
exploded.

PrOJECT  F:

The cluster Trumpler 20 was recently discovered to be an old star cluster in our own galaxy. 
Astronomers have already measured the magnitudes and colors of the stars in the cluster, but they 
would like to know more about them. In particular, they’d like to know their chemical composition in 
order to know more about where the stars were formed.

The goal of this program is to measure the chemical composition of several of the stars in the cluster, by 
the detection of “atomic lines”.

PrOJECT  G:

The star TYC 3416-543-1 was recently found to have an invisible companion, probably a massive planet 
the size of Jupiter. We know because the planet causes a tiny eclipse (transit) in the star every 2.9 days.

The goal of this program is to confirm that the eclipse is from a planet by measuring the star’s “redshift” 
and “blueshift” of the star as it wobbles when the planet pulls on it. By measuring the speed of the star as 
it wobbles (about 0.2-0.5 km/s), astronomers can calculate the mass the planet.

PrOJECT  H:

Astronomers using the Kepler satellite have detected three planets around a star known by name as 
Kepler 18. They think the star is probably a star almost exactly like our Sun, but would like to be sure. 

The goal of this program is to measure the “spectral type” of the star, to verify that it is a star just like our 
Sun (spectral type G).
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Session Twelve: Thinking Like an Astronomer: Observing Proposals and Class Synthesis 

FINAL PrOJECT: THINK LIKE AN ASTrONOMEr: CAN YOU GUESS 
HOW? - Page 4
 
STEP 2: Find out what section of the sky you will need to observe. 

You can look the coordinates by searching the objects (or stars) on Wikipedia

OR

You can find the coordinates using the Simbad astronomical database: 
http://simbad.u-strasbg.fr/simbad/

(Click on “basic search”, and type in the *name* of your target. This will get you the Right Ascensions 
and Declinations.)

STEP 3: Select the observing method you will need to use for each project. You have five choices. 

1. ASTrOMETrY. 

2. PHOTOMETrY:  COLOR MAGNITUDE DIAGRAM 

3. PHOTOMETrY: LIGHT CURVES 

4. SPECTrOSCOPY:  ATOMIC LINES / CLASSIFICATION 

5. SPECTrOSCOPY: REDSHIFT / BLUESHIFT  MEASUREMENT

STEP 4: Select the telescope and instrument that best matches the program. You have eight choices.

1. CTIO-1.3m + CCD: The small CTIO 1.3-meter telescope at the Cerro Tololo Inter-American 
Observatory (Chile), with a CCD camera and nothing else. 

2. BLANCO-4.0m + CCD & filters: The Blanco 4-meter Telescope, also on Cerro Tololo (Chile), with a 
CCD camera AND  a set of colored filters. 

3. KECK-10.0m + CCD: The famous W.M. Keck 10-meter telescope on Mauna Kea (Hawaii), with just a 
CCD camera, nothing else. 

4. OHP-1.2m + CCD: The historic Observatoire de Haute Provence (France) 1.2-meter telescope, with 
just a CCD camera, nothing else. 

5. MMT-6.5m + SPECTrOGrAPH: The large MMT telescope on Mount Hopkins (Arizona), with a low-

resolution spectrograph (R=3000).
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Session Twelve: Thinking Like an Astronomer: Observing Proposals and Class synthesis 
FINAL PrOJECT: THINK LIKE AN ASTrONOMEr: CAN YOU GUESS 
HOW? - Page 5 

6. GEMINI-SOUTH-8.0m + SPECTrOGrAPH: Gemini-South Telescope on Cerro Pachon Mountain 
(Chile), with the GMOS medium-resolution spectrograph (R=10,000), which can take spectra from 
200 stars at the same time. 

7. SUBArU-8.2m + SPECTrOGrAPH: Subaru Telescope on Mauna Kea (Hawaii), equipped with the 
famous “High Dispersion Spectrograph”, which has a very high spectral resolution R=160,000. 

8. KPNO-2.1m + SPECTrOGrAPH: Kitt Peak National Observatory 2.1-meter telescope on Kitt Peak 
(Arizona). With the old “Goldcam Spectrograph”, which has a spectral resolution of only R=3,000.

STEP 5: Find out the best month of the year for the observation. 

And then you’re done. 

BONUS STEP (ONLY IF YOU ARE DONE AND CONFIDENT THAT YOU’VE GOT ALL THE ANSWERS 
RIGHT): 

Use “Aladin” to make pictures of the eight objects above. E-mail the pictures to yourself if you like them. 
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FINAL PrOJECT: THINK LIKE AN ASTrONOMEr: CAN YOU GUESS 
HOW? - Page 5
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HOW? - Page 6 “Answer Key”
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Knowledge assessment survey for the class:  
DIY Astronomy
 
The purpose of this survey is to evaluate the extent of astronomical knowledge in our students, so 
that our classes can be adapted to your level. Don’t worry if your answer to many questions is “I’m 
not sure/don’t know”. That is exactly the information we need to make sure we design a good class.

You will not be graded for this survey. While participation is encouraged, the test is administered 
on a voluntary basis.

Please answer to all questions to the best of your knowledge. If you are not sure about your answer, 
be honest and answer accordingly.

First Name:       Last Name:

Grade you are currently in:                        

Today’s date:                            
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Part I - multiple choice questions (circle your answer):            

1. A refractor telescope is a telescope that works with:
(a) convex glass lenses
(b) special liquids
(c) curved mirrors
(d) a vacuum tube
(e) I’m not sure / don’t know

2. How would you make objects in a telescope look bigger (magnified)?
(a) increase the diameter of the primary mirror (aperture)
(b) increase the distance between the primary and secondary mirrors (focal length)
(c) build the telescope on top of a mountain (altitude) 
(d) use a larger camera (detector size)
(e) I’m not sure / don’t know.

3. At which of these places in the sky would you have the smallest airmass:
(a) at the zenith
(b) in the direction of the Sun
(c) close to the horizon
(d) towards the North Star
(e) I’m not sure / don’t know.

4. You can make faint galaxies appear brighter on a photographic film by:
(a) using a thicker film
(b) cooling the film to a low temperature 
(c) taking a picture with a longer exposure time 
(d) using a telescope with a more powerful magnification
(e) I’m not sure / don’t know.

5. What exactly is a “charge coupled device” (or CCD)?
(a) a device that allows someone to see in the dark
(b) a device that measures the temperature of an object from a distance
(c) a device that detects and counts individual photons
(d) a device that can move a telescope very precisely
(e) I’m not sure / don’t know.

6. Astrometry is a technique used to measure:
(a) the position and motion of a star on the sky
(b) the color and brightness of a star
(c) the size and mass of a star 
(d) the location and altitude of a telescope
(e) I’m not sure / don’t know
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7. To create color pictures of a nebula, astronomers combine three images shot through...
(a) ... infrared, visible, and ultraviolet filters
(b) ... red, yellow, and blue filters
(c) ... red, green, and blue filters
(d) ... three filters of any type/color
(e) I’m not sure / don’t know.

8. Which of these devices can be used to obtain the spectrum of a star?
(a) a diffraction grating
(b) a refractor telescope
(c) a color filter
(d) a fog machine
(e) I’m not sure / don’t know. 
 
9. The radial velocity of a star can best be measured using: 
(a) a photometer
(b) a speedometer
(c) a radar 
(d) a spectrograph
(e) I’m not sure / don’t know.
 
10. The spectral type (OBAFGKM) of a star is essentially a measure of:
(a) the age of the star
(b) the surface temperature of the star
(c) the chemical composition of the star
(d) the distance between the star and the Sun
(e) I’m not sure / don’t know.

Part II - development questions (leave blank if you don’t know an answer):
 
11.  Give two advantages of building and sending a telescope in space: 

a. 

 
b. 
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12. List two things astronomers can do to improve the “seeing” (blurry images) of a telescope installed on 
the surface of Earth (i.e. not  in space):

a. 

b. 

Part III - graphical questions (make a guess if you don’t know):

13. In the Color Magnitude Diagram (CMD) below: (a) draw 5-10 dots to show where stars from the main 
sequence of a star cluster would typically be located, (b) add a dot where a red giant star would be and 
label it “G”, (c) add a dot for a white dwarf and label it “WD”.

	           

        

        

        

        

        

        

        

        
 

V

B - V
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14. The two graphs below can be used to draw the light curve of a variable star.

a. draw the typical light curve of a pulsating variable star:

b. draw the typical light curve of an eclipsing binary star:

15. Each of the two graphs below can be used to draw the spectrum of a star. 

a. draw the approximate (very rough) spectrum of a star hotter than the Sun:
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      b) draw the approximate (very rough) spectrum of a star cooler than the Sun:

16. Draw a simplified diagram for a reflector telescope. Draw the path of the light rays. Label the main 

optical elements (parts). Add as many details as you can think of.
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