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Science Research Mentoring Program

STARS
This course introduces students to stars, and research into stars. Topics covered 
include the lives of stars (“stellar evolution”), the HR Diagram, classification, 
types, the processes within, observational properties, catalogs of stellar 
properties, and other research tools associated with stellar astronomy.

Organization:
•	 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 
•	 If an activity has a worksheet that students are expected to fill out, you 

will find that worksheet on a separate page.
•	 Some additional resources (data set, images, a list used multiple times) are 

included as separate files.
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Session 4: Spectroscopy, Photometry, and the HR Diagram
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To obtain a copy of the Journey to the Stars space show DVD, needed for session 12, please  
email center@amnh.org with your name, school or institution, grades you teach, and complete 
mailing address.
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Session One: What is a star?

L E A R N I N G  O B J E C T I V E S

Students will understand what, in general, stars are; how many we can see; the best places to 
observe from; what groupings they come in; and what the relative sizes of stellar-related objects 
are. 
 

K E Y  T O P I C S

T I M E 
 
45 minutes 
 
 
 
15 minutes 
 
15 minutes 
 
 
 
 
10 minutes 
 
 
 
5 minutes 
 
 
30 minutes

T O P I C 
 
Registration/ 
Pre-Assessment 
 
 
Class Introduction 
 
What Are Stars? 
 
 
 
 
Constellations 
 
 
 
Where Can We See 
Stars? 
 
TOUR: Scales of the 
Universe

D E S C R I P T I O N 
 
Check-in for students, including all paperwork,  
plus a pre-assessment test of course knowledge.   
(Post-assessment for the last class should be identical.) 
 
Introduce instructors, topic, and syllabus. 
 
Introduce stars – including some bulk properties (range of masses 
relative to Sun, sizes, and colors). Introduce star collections 
including open and globular clusters, galaxies, and clusters and 
superclusters of galaxies. 
 
Introduce constellations. To stellar astronomers, the 88 boundaries 
resemble “political boundaries” between “states” on the surface of 
the Earth. Use a model celestial sphere if available. 
 
Dark locations; high elevations; relatively dry/cloudless regions. 
Note locations of research telescopes (Hawaii, Chile, Arizona, etc.). 
 
Hall shows objects to scale, using the Hayden sphere (which is 
26m in diameter). The tour starts with sphere representing the 
observable universe and a model of the Virgo Supercluster. At the 
next stop, the sphere becomes the size of the Virgo Supercluster, 
showing a model of the Local Group (including the Milky Way and 
Andromeda). Continue down to the size of the objects within our 
Solar System. 
 
Several websites offer a similar type of tour, as do several space 
shows and IMAX movies. The IMAX “Cosmic Voyage” is an excellent 
substitute, as is the “Known Universe” http://www.amnh.org/
explore/science-bulletins/(watch)/astro/visualizations/the-known-
universe

• Measurable properties of stars

• Groupings of stars

• Relative sizes of stars

C L A S S  O U T L I N E
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Session One: What is a star? (continued)

M A T E R I A L S

Pre-assessment (not provided), copies of the reading for HW, Celestial Sphere or other 
constellation globe (optional), Cosmic Voyage IMAX on DVD (optional), “Known Universe” 
(optional)

P R E P  W O R K

Find a reading on the history of stellar astronomy, or about general properties of stars. Suggested: 
Cosmic Horizons; Astronomy at the Cutting Edge, Introduction to Chapter 2 on Stars, pp. 48 – 50.

H A L L S  U S E D

Scales of the Universe

A / V  N E E D E D

DVD player and screen/projector (optional)

H O M E W O R K

Reading for discussion, next class
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Session Two: Necessary Mathematical Skills for 
Stellar Astronomy

L E A R N I N G  O B J E C T I V E S

Students will: understand how logarithms and exponents are related; plot in linear and log axes; 
and understand the logarithmic scale of stellar magnitudes. 

 
K E Y  T O P I C S

T I M E 
 
10 minutes 
 
 
15 minutes 
 
 
10 minutes 
 
 
 
45 minutes 
 
 
 
 
20 minutes 
 
 
 
 
 
 
 
 
20 minutes

T O P I C 
 
Article Discussion 
 
 
ACTIVITY: Log / 
Exponent Intro 
 
Define Log / Exponent 
 
 
 
WORKSHEET: Log 
Practice 
 
 
 
Magnitude Scale 
 
 
 
 
 
 
 
 
Flux

D E S C R I P T I O N 
 
Discuss the article that was assigned for HW, asking for questions, 
comments, new things learned. 
 
Introduce logs and exponents through a series of easy problems. 
 
 
Define the basics form of the log/exponent relationship and some of 
the simple identities. Include relevant scientific calculator buttons 
and processes (buttons like LOG, 10^, EE, etc.). 
 
Students practice estimating, taking logs, and plotting data in 
linear/log axes. Ask students to estimate first and then use the 
calculator to check their answers. Leave time for review and 
questions. 
 
Introduce the Hipparchus scale (1 = bright; 6 = dim), and how 
this was extended to the modern scale, with every 5 magnitudes 
being equivalent to a difference of 100 in brightness. Point out 
that it can be negative (really bright). Include examples of objects 
at various magnitudes and/or sensitivities of various instruments 
(eye, binocular, telescopes of various sizes, HST, etc.). Include an 
example: Sun (m = -26.7) is ~440,000 times brighter than the full 
moon (m = -12.6) 
 
Define “flux” as the amount of light entering a given area in a given 
time, and how this depends on the inverse square of the distance (1/
r2).

• Logarithms and exponents

• Plotting in logarithmic axes

• The stellar magnitude scale

• Flux and the 1/r2 relationship

C L A S S  O U T L I N E
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Session Two: Necessary Mathematical Skills for Stellar Astronomy (continued)

M A T E R I A L S

Scientific calculators, Log Practice worksheets

P R E P  W O R K

Make copies of the worksheet (provided below)

H A L L S  U S E D

None

A / V  N E E D E D

None

H O M E W O R K

Ask students to find and plot something in both linear and log forms. Suggest the x-axis as time 
(year, for example) and the y-axis as a quantity that changes from year to year (population, gas 
prices, sporting attendances, etc.). Make two plots, one using a linear y-axis, and one using a 
logarithmic y-axis, keeping the x-axis in linear form for both.
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Session Two: Necessary Mathematical Skills for Stellar Astronomy

ACTIVITY: Log / Exponent Intro 
 

On the board, write:

 102 = ?

Increase to 103, and then 104. Then write 103.5 and elicit answers without the use of calculators. 
Discuss that the answer must be between 103 and 104, so we can estimate based on that. Then show 
students how to use scientific calculators to do this – 10^3.5 (for instance).

Continue, by now asking students to solve for x in:

 10x = 10,000

Students should easily be able to answer “4”. Increase to 100,000, and then 1,000,000. Then ask about 
10x = 500,000. Elicit that x must be between 5 and 6, and challenge them to figure out the exact 
numbers on their calculators. Some may know to use the “log” button, but others will try to refine 
the answer (5.7; 5.69; 5.699; etc.).

Finally, introduce the “log” function as a way to solve for x in the above problem:

 x = log(500,000)

such that 10x = 500,000.
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Session Two: Necessary Mathematical Skills for Stellar Astronomy

WORKSHEET: Log Practice

P A R T  1  -  P R A C T I C E

For the following examples

• First estimate the range of the answer.

• THEN use your calculator. You can round to the second decimal place.

E X A M P L E S  O F  E S T I M A T I O N

If we are given: 108.2 = ?

We know that the answer must be between 108 and 109, so the range is 100,000,000 to 
1,000,000,000 
 
If we are given: 10x = 50. x = ?

We know that 50 is between 10 (or 101) and 100 (or 102), so x must be between 1 and 2 
 
If we are given: log(2000) = ?

We know that 2,000 is between 1,000 (103) and 10,000 (104), so the log(2000) is between 3 and 4.

 

106.3 = ?  Estimate _____________________  Answer ______________________

101.2 = ?   Estimate _____________________  Answer ______________________

10x = 750, x = ? Estimate _____________________  Answer ______________________

10x = 1,010, x = ?  Estimate _____________________  Answer ______________________

log(12345) = ?  Estimate _____________________  Answer ______________________

log(3,000,000) = ?  Estimate _____________________  Answer ______________________

log(2 × 107) = ?  Estimate _____________________  Answer ______________________

log(9.24 × 1018) = ?  Estimate _____________________  Answer ______________________
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Session Two: Necessary Mathematical Skills for Stellar Astronomy

WORKSHEET: Log Practice (continued)

P A R T  2  -  G R A P H I N G

Below is a set of data to be graphed twice. The x-axis for both is for the “year,” and the y-axis for 
the age of the Earth, as at various methods times. Plot the age (the y-axis) in both linear and log 
formats; keep the “Date of the Estimate” (the “year”) linear. 
 

Age of the Earth, as determined by various people: 
 

P E R S O N DATE OF ESTIMATE ESTIMATE OF AGE OF THE 
EARTH (YEARS)

LOG (ESTIMATE OF AGE OF 
THE EARTH (YEARS))

James Usher 1600 6000

Conte de Buffon 1750 75000

Lord Kelvin 1862 9.8 x 107

Arthur Holmes 1927 3 x 109

Clair Patterson 1953 4.55 x 109

SOURCE: AMNH, Hall  of the Planet Earth,  “Search for Earth’s Age” panel;  accessed October,  2010 

Plot this using the blank graphs on the following page. 
 
AFTER plotting the points, answer these questions:

1. Which plot works best for this data, and why? 
 
 
 
 

2. In general, in what situations would

 a) linear plots be useful?

 b) log plots be useful?
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Session Two: Necessary Mathematical Skills for Stellar Astronomy

WORKSHEET: Log Practice (continued)
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Session Three: Magnitudes and Wien’s Law

L E A R N I N G  O B J E C T I V E S 
Students will: observe the 1/r2 relationship; learn some of the measureable properties of stars; 
use the distance equation; and learn about and observe Wien’s Law.

K E Y  T O P I C S

 

 
 

C L A S S  O U T L I N E

T I M E

30 minutes 
 
 
20 minutes 
 
 
 
 
 
5 minutes 
 
 
 
45 minutes 
 
 
 
10 minutes 
 
 
10 minutes

T O P I C

ACTIVITY: Radiometers 
and Flux 
 
Definitions 
 
 
 
 
 
ACTIVITY: Calculating 
the Distance to a Star 
 
 
ACTIVITY: Stellar 
Temperature vs. Distance 
 
 
Luminosity, blackbody 
and Wien’s Law 
 
ACTIVITY: Wien’s Law 
Demo

D E S C R I P T I O N

Students use lamps, radiometers, and timers to determine the 

flux/distance relationship. 

 

Formal definitions of luminosity, flux, parallax, parsec, effective 

(or surface) temperature of a star, and the apparent (m) and 

absolute (M) magnitudes of stars. This leads into the definition of 

the distance modulus (μ = m – M), and the distance equation: μ = 

5log(d) – 5. 

 

Give students the apparent and absolute magnitude of a star 

(Barnard’s star is used below), and have them calculate the 

distance from Earth in parsecs. 

 

Provide a list of the magnitudes of bright and nearby stars, and 

ask students to determine their distances from Earth. They then 

plot the distance versus the temperature, noting outliers. 

 

Formal definition of luminosity, blackbody radiation and 

blackbody curves, and Wien’s Law. 

 

Use a dimmable light and diffraction gratings to show Wien’s 

Law.

• Flux and the 1/r2 
relationship

• Luminosity

• Absolute and Apparent 
Magnitude

• Distance Modulus and the 
Distance Equation

• Parallax

• Parsec

• Wien’s Law
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Session Three: Magnitudes and Wein’s Law (continued)

M A T E R I A L S

Radiometers, Clamp Lamps with 45-75W bulbs, Timers, Measuring Tape or Meter Sticks, Masking 
Tape, Scientific Calculators, Radiometer Investigation Worksheet (see below), Temperature and 
Distance Worksheet, Dimmable incandescent light (preferably clear bulb of 200W or higher), 
diffraction gratings

P R E P  W O R K

Make copies of radiometer worksheets, set up stations for 3 – 4 students with one of each of 
radiometer, lamp, timer, measuring tape or meter stick, and a piece of masking tape. The Stellar 
Temperature vs. Distance worksheet has two versions – one that includes a linear plot, and 
another that includes a logarithmic plot (see below for details). For the Wien’s Law activity, the 
room must be able to be completely dark.

H A L L S  U S E D

None

A / V  N E E D E D

None

H O M E W O R K

Assign a current article on spectral analysis of stars (many are available on sites like http://www.
sciencedaily.com).
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Session Three: Magnitudes and Wien’s Law

ACTIVITY: Radiometers and Flux
Hand worksheets out to students, and explain that they are going to investigate the relationship 

between distance from a light source and the flux of the light. They will use a radiometer to measure 

flux, and timing and counting carefully, and should always stop, restart, and allow the radiometer 

to come up to speed before counting the number of turns. Encouraged students to try out many 

different distances to maximize their data sets. 

 

At the end, have students show their data to the class. If the steps in distance are small enough, there 

should be a very obvious 1/r2 relationship. 

 

As time allows, there are many expansions to this activity, including:

•	 Trying different light bulbs (i.e. different wattages)

•	 Repeating measurements 3+ times to get averages

•	 Making predictions from the plot

ACTIVITY: Calculating the Distance to a Star
This simple demo of the magnitude-distance relationship can be a group activity, as the students 

will be using it in the next activity. 

 

Barnard’s Star has an apparent visual magnitude of m
V
 = 9.54 and an absolute visual magnitude of 

M
V
 = 13.22. Write both numbers written on the board, and ask students whether it is closer or farther 

than 10pc away. (Closer, as the apparent magnitude is brighter than the absolute.) 

 

Next, ask students to use the magnitude-distance relationship to find the distance to Barnard’s Star 

in parsecs. Namely:

 d = 100.2(m-M)+1 = 100.2(13.22 – 9.54)+1 = 100.2(-3.68)+1 = 100.264 = 1.84pc
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Session Three: Magnitudes and Wien’s Law

ACTIVITY: Stellar Temperature and Distance
In this activity, students will be given two tables of data – one of nearby stars, and one of bright stars 

in our sky. There is some overlap in stars, but most of them are separate. The table includes each 

star’s name, spectral type, apparent and absolute magnitudes, and effective temperature. 

 

Working in groups of 2 – 4, students should use the magnitudes to determine the distances to 

each star and plot it onto graph paper. Distribute the graph paper, so that alternate groups get the 

logarithmic distance axis and the linear distance axis. 

 

Discuss the differences between the plots, and which type of axis might work best. Point to a few 

outliers: one is close by and hot, but not on the list of brightest stars; and another is quite far away 

and cool, but on the list of brightest stars. Elicit that these represent a very small star, and a very 

large star, respectively. 

 

The worksheets include the completed versions of each plot, which can be handed out or shown to 

the class in whatever format is convenient.

 

ACTIVITY: Wien’s Law Demo
For this activity, the brighter the light, the better. Hand out one diffraction grating per student. 

Explain that these act like prisms and break up light into its constituent parts. 

 

Turn the dimmable light on low, and turn off the classroom lights. Ask students to view the light 

through the diffraction gratings, and ask what colors they see. Ask them to point out the brightest 

color in the spectrum. Reds and oranges should predominate if the light is low enough, and a 

reddish/orange should stand out as the brightest. Slowly bring the dimmer up, increasing the 

temperature, and ask students what colors they now see, and to locate the brightest spot. As the 

temperature increases, more blues and purples will appear or at least brighten, and the bright spot 

should move towards the blue. If the bulb gets hot enough, it may stop in the green. 

 

Slowly bring the light down and repeat the observations in reverse. Point out that they are seeing 

Wien’s Law in action. The bulb can easily approximate a blackbody, and has a peak wavelength and 

surrounding colors as well.
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Session Three: Magnitudes and Wien’s Law

WORKSHEET: Radiometers and Flux

L A B  Q U E S T I O N

How does distance from a light effect the speed of the radiometer?

M A T E R I A L S

• Radiometer

• Timer

• Ruler

• Data sheet/graph (included on this sheet)

P R O C E D U R E

For this short lab, you are going to investigate how the distance to a light bulb changes the speed 

of a radiometer. The rotation rate (the “speed”) of the radiometer is proportional to the amount of 

light energy it is receiving. That’s why it spins faster when it receives more light. 

 

Measure the rotation rate (spins per second) of the radiometer from several distances away from 

the light bulb (suggested – every 5cm out to a distance of at least 60 cm, but more or different 

scales are fine.)

1. How will you measure the rotation rate of the radiometer? Detailed answer below: 

 

 

2. Quickly sketch your setup below:

 

Keep track of your data in the tables below:

DISTANCE (CM) ROTATIONS IN _____ SECONDS ROTATION RATE
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Session Three: Magnitudes and Wien’s Law

WORKSHEET: Radiometers and Flux (continued)

3. Graph your data in the graph below. The x-axis is labeled; you must label the y-axis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4. Look at any two pieces of your data where your distance has doubled (e.g. x = 20 and 40cm). 
What happens to the rotation rate when the distance doubles? Does this hold true for all 
doubling distances? 
 
 
 

5. Look at any two pieces of data where your distance has tripled (e.g. x = 15 and 45cm). What 
happens to the rotation rate when the distance is tripled? Does this hold true for all tripling 
distances? 
 
 
 

6. Does this plot correspond to a 1/r2 relationship? Explain.
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Session Three: Magnitudes and Wien’s Law

WORKSHEET: Stellar Temperature and Distance

I N T R O D U C T I O N

You are going to work as a group to determine the distances to about 45 stars. We have picked out 25 of the 
stars closest to Earth, and 24 of the brightest. (Some overlap.) You will have each star’s:

• Name

• Spectral type

• Apparent magnitude (mV)

• Absolute magnitude (MV)

• Temperature of the surface (Teff, which stands for “the effective temperature”), measured in Kelvin

I N S T R U C T I O N S

(A) Distance Modulus

For each star, find the distance modulus, and then the distance (in parsecs) to the star.

Distance Modulus: μ = mV – MV

Distance formula: d (in pc) = 100.2μ+ 1

 

(B) Plotting 

On the graph paper (back of this page), plot the distance (in pc) and temperature (in K) to each star.

 For your axes:

• x-axis is distance, out to 500 pc

• y-axis is temperature, up to 30,000K

 USE AN “X” FOR THE BRIGHTEST STARS

 USE A “O” FOR THE CLOSEST STARS

* NOTE – the first point from each list has been done for you.

 

(C) Reflection

When you have finished calculating distances and graphing the points, answer the following questions in 

your notebook:

1. What format is your x-axis? Is this adequate for the data? Why/why not? 

2. Which set of stars has generally higher luminosities? In other words which set are intrinsically 

brighter? How can you tell?

3. In general, the “nearby” stars are what spectral types (OBAFGKM) are?

4. In general, the “brightest” stars are what spectral types?

5. Explain how some of the brightest stars have low temperatures and are quite far away. In other 

words, why are they so bright? 
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Session Three: Magnitudes and Wien’s Law

WORKSHEET: Stellar Temperature and Distance (continued)
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Session Three: Magnitudes and Wien’s Law

WORKSHEET: Stellar Temperature and Distance (continued)



Science Research Mentoring Program STARS

© 2013 American Museum of Natural History. All Rights Reserved. 19

Session Three: Magnitudes and Wien’s Law

WORKSHEET: Stellar Temperature and Distance (continued) 

Data: Some of the nearby stars, to be plotted using “O”.

Star Type mV MV Teff (K) μ = m – M
Distance (pc) 
(d = 100.2μ+1)

61 Cygni A K5V 5.21 7.49 4640 -2.28 3.5

61 Cygni B K7V 6.03 8.31 4440

Alpha Centauri A G2V 0.01 4.38 5790

Alpha Centauri B K1V 1.35 5.71 5260

Barnard's Star M4V 9.53 13.22 3134

Epsilon Eridani K2V 3.73 6.19 5100

Epsilon Indi A K5V 4.69 6.89 4280

EZ Aquarii A M5V 13.33 15.64 2600

Katpeyn's Star M1.5 8.84 10.87 3800

Kruger 60 A M3V 9.79 11.76 3180

Lacaille 8760 M0V 6.67 8.69 3340

Lacaille 9352 M1.5V 7.34 9.75 3340

Lalande 21185 M2V 7.47 10.44 3400

Luyten 726-8 A M5.5V 12.54 15.4 2670

Luyten 726-8 B M6V 12.99 15.85 2600

Procyon A F5V 0.38 2.66 6650

Procyon B DA 10.7 12.98 9700

Proxima Centauri M5.5V 11.09 15.53 3040

Ross 128 M4V 11.13 13.51 2800

Ross 154 M3.5V 10.43 13.07 2700

Ross 248 M5.5V 12.29 14.79 2700

Sirius A A1V -1.46 1.42 9940

Sirius B DA2 8.44 11.34 25000

Tau Ceti G8V 3.49 5.68 5344

Wolf 359 M6V 13.44 16.55 2800
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Session Three: Magnitudes and Wien’s Law

WORKSHEET: Stellar Temperature and Distance (continued) 

Data: Some of the brightest stars in our sky, to be plotted using “X”.

Star Type mV MV Teff (K) μ = m – M
Distance (pc) 
(d = 100.2μ+1)

Sirius A1V -1.46 1.42 9940 -2.88 2.7

Canopus F0I -0.72 -5.52 7350

Arcturus K1.5III -0.05 -0.31 4300

Alpha Centauri A G2V 0.01 4.38 5790

Vega A0V 0.03 0.58 9602

Rigel B8I 0.18 -6.7 11000

Procyon A F5V 0.38 2.66 6650

Achernar B3V 0.5 -2.77 14510

Betelgeuse M2I 0.58 -5.14 3500

Capella A G1III 0.76 0.2 5700

Altair A7V 0.77 2.21 7000

Aldebaran K5III 0.8 -0.63 4010

Acrux A B1V 0.81 -4.14 28000

Capella B G8III 0.91 0.35 4940

Spica B1III 1.04 -3.55 22400

Antares M1.5I 1.09 -5.28 3500

Pollux K0III 1.15 1.09 4865

Fomalhaut A3V 1.16 1.73 8751

Deneb A2I 1.25 -6.95 8525

Mimosa B0.5IV 1.3 -3.92 28200

Alpha Centauri B KIV 1.33 5.71 5260

Regulus B7V 1.35 -0.52 10,300

Adara B2I 1.51 -4.11 24750

Garcus M4III 1.59 -0.56 3400
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Session Three: Magnitudes and Wien’s Law

HANDOUT: Completed plot, linear distance axis
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Session Three: Magnitudes and Wien’s Law

HANDOUT: Completed plot, logarithmic distance axis
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Session Four: Spectroscopy, Photometry, and the HR 
Diagram

L E A R N I N G  O B J E C T I V E S

Students will learn about spectroscopy and see representations of Kirchhoff’s Laws; be 
introduced to photometry and astronomical filters; and construct the HR Diagram.

K E Y  T O P I C S

 

C L A S S  O U T L I N E

T I M E 
 
5 minutes 
 
15 minutes 
 
 
 
10 minutes 
 
 
 
10 minutes 
 
 
 
 
10 minutes 
 
 
60 minutes 
 
 
 
 
10 minutes 
 
 

T O P I C 
 
Article Discussion 
 
ACTIVITY: Kirchhoff’s 
Laws 
 
 
Define Spectroscopy 
 
 
 
Photometric Filter 
 
 
 
 
ACTIVITY: Color vs. 
Temperature 
 
ACTIVITY: Stellar 
Property Correlations 
 
 
 
Making an HR 
Diagram

D E S C R I P T I O 

 

Discuss how spectroscopy is used in the article. 

 

Students will see Kirchhoff’s Three Laws, showing a continuous 

spectrum, an emission or discreet spectrum, and a model of an 

absorption spectrum. 

 

Point out what we learn from applying Kirchhoff’s laws as 

spectroscopy. Show examples of analytic spectra (spectra that plot 

both wavelength and intensity). 

 

Explain how photometric filters (U, B, V, R, I) can cut the light of a 

source. Explain that telescopes use these and other filters. Define 

“color” as the difference in magnitudes measured in two of these 

filters. 

 

Students plot a few stars’ colors and effective temperatures and 

discuss the resulting pattern. 

 

Using an Excel file of a list of stars (the same used in class 3), students 

plot different properties together. This is open-ended, but watch for 

students plotting temperature vs absolute magnitude or luminosity, 

as these will define the HR Diagram. 

 

STSCI put together a great presentation where they make an HR 

Diagram from a cluster of stars. Students watch the presentation and 

at the end, students will receive a copy of the HR Diagram.

• Kirchhoff’s Laws

• Spectra

• Photometric filters

• Spectral “color”

• HR Diagram
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Session Four: Spectroscopy, Photometry, and the HR Diagram (continued)

M A T E R I A L S

Diffraction gratings, spectrum tube power supply, spectrum tubes (suggested: Hydrogen, Helium, 
and Neon or any additional), incandescent lamp (40 – 200W), color filters (suggested: theatrical 
gels, cut into squares), Color vs. Temperature worksheet, Stellar Property Correlations worksheet, 
computers with MS Excel, MS Excel file “Stellar Properties.xlsx”, STSCI presentation (available in 
several formats at http://hubblesite.org/newscenter/archive/releases/2010/28/video/d/), copies of 
the Handout - HR Diagram.

P R E P  W O R K

Make copies of worksheets and the HR Diagram. Check on students’ Excel abilities (may need to 
include a primer on how to plot in Excel). And, similar to the Wien’s Law activity, the room must be 
able to be completely dark.

H A L L S  U S E D

None

A / V  N E E D E D

Ability to show STSCI presentation, in chosen format, from http://hubblesite.org/newscenter/

archive/releases/2010/28/video/d/

H O M E W O R K

1. Problem set using Luminosity and Wien’s Law (e.g. What is the power given off at a person? 
What is the peak wavelength emitted by humans? If the Sun’s effective temperature is 
5700K, what is its peak color?)

2. Have students find and add stars to their HR Diagram.

3. Ask students to identify at least 2 things from their home (other than lights) that seem to 
diminish with a 1/r2 relationship. (Hint – think of energy sources.)

4. Using the magnitudes, how much brighter is the Sun than the brightest nighttime star in 
our sky, Sirius?
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Session Four: Spectroscopy, Photometry, and the HR Diagram

ACTIVITY: Kirchhoff’s Laws
This is a demo of Kirchhoff’s three Laws, which forms the basis of spectroscopic analysis. Hand out 

the diffraction gratings, and remind students that they split light into its components. 

1. Incandescent bulb (“Continuous spectrum”)

 

Turn on the incandescent light, and turn off all other lights. Ask students to view the bulb 

through the diffraction grating – they should see a full rainbow. Remind students that they 

saw during the Wien’s Law activity, and elicit that the light is coming from a hot object (an 

approximation of a blackbody). This happens for all blackbody-like objects, and we clearly see 

continuous spectra from stars, sometimes called the “continuum.” 

2. Spectrum tubes (“Emission spectrum”)

 

Turn on the hydrogen tube and ask students how the spectrum is different. They should 

react quickly to say that there are lines of red, greenish blue, and purple, but no continuous 

spectrum. Switch out the bulb for the Helium, and ask again how this is different. Make sure 

to point out that the lines are different. Use any additional bulbs, Explain that these are the 

emission (or “discreet”) spectra that arise from gasses that have been energized by a power 

source. In space, a star powers a nebula of gasses that shine only in the colors produced in 

its spectra. In effect, this acts as a light fingerprint, which helps to identify the gases in the 

nebula.  

3. Filters (“Absorption spectrum”)

 

Turn the incandescent bulb back on, and hand out the colored filters. Have students view the 

bulb through the diffraction grating and the filter, and note what happens. They should see 

the continuous spectrum with parts missing. The filters have caused part of the spectrum 

to drop out (and the better the filter, the more the colors will drop out). This is very broad 

absorption over a large band. Astronomers typically observe more discrete portions out. This 

happens when there is a gas cloud between a star and the observer. Most of the light of the 

star may make it through, but some wavelengths (identical to the emission spectrum seen 

from a different angle) will be absorbed, and consequently reemitted in a different direction. 

In effect, this also acts as a light fingerprint, by subtracting light from the continuous 

spectrum.
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Session Four: Spectroscopy, Photometry, and the HR Diagram

ACTIVITY: Color vs. Temperature
Students will be given the absolute B and V magnitudes and temperatures of several stars, and will 

be asked to plot the color (B-V) vs. the temperature of these stars. The resulting plot shows that there 

is a relationship between the color and temperature. B-V is a quantity that is easy to measure – it is 

simply the difference of magnitudes in two photometric filters, as measured through a telescope. 

However, additional questions will elicit that this relationship is strongest at lower temperatures; 

at higher temperatures, small errors in B-V will lead to vast differences in temperatures. To counter 

this, astronomers use different colors that correspond well to different temperature ranges.

 

ACTIVITY: Stellar Property Correlations
In this open-ended activity, students will be given a dataset for a few dozen stars (the same ones 

used to calculate distances in class 3). They will be asked to plot different properties of these stars 

together, and see what they have learned. For instance, they can investigate the relationship 

between mass and temperature, or distance and magnitude. The idea is that the relationship 

between temperature and either absolute magnitude or luminosity will emerge.
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Session Four: Spectroscopy, Photometry, and the HR Diagram

WORKSHEET: Color vs. Temperature

I N T R O D U C T I O N

In the following, you are given the absolute magnitudes of several stars in two filters: the B and V 
filters. The B filter measures the flux (apparent magnitude) in the Blue range (about 400 – 500nm), 
and the V filter measures the flux (apparent magnitude) in the Visible (or Yellow) range (about 500 
– 650nm).

I N S T R U C T I O N S

1. Determine the “color” of each star, B-V.

2. Plot and label each star on the graph 
below, using the color and “effective 
temperature” (Teff).

3. Connect the dots to create a 
continuous function.

4. Answer the following questions:

Is there a relationship between color and temperature? How do you know? 
If a star had a B-V color of 1.5, what would its temperature be? 
If a star had a temperature of 20,000K, what would its B-V color be? 
Where is this plot most sensitive to small changes in color?

Star B V Teff B-V

Proxima Centauri 13.02 11.05 3040

Spica 0.91 1.04 22400

Sirius A -1.46 -1.47 9940

Deneb 1.34 1.25 8525

Vega 0.03 0.03 9602

Mimosa 1.15 1.3 28200

The Sun 6.6 5.96 5750
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Session Four: Spectroscopy, Photometry, and the HR Diagram

WORKSHEET: Stellar Property Correlations 
 
 
You will be given a list of stars (mostly the same as last time) as an Excel file. You will plot these 
stars in any way and draw conclusions about various properties. 
 
I N S T R U C T I O N S

1. Open the file “Stellar Properties – for class 4” on your computer. It lists the following 
properties for 44 stars:

• Name

• Type

• m_V (apparent magnitude)

• M_V (absolute magnitude)

• T_eff (“effective” temperature, the surface temperature of the star)

• D (pc, calculated) – the distance to the star, as calculated from the magnitudes

• Lum (solar) – the luminosity, in solar units (1 = luminosity equal to the Sun; 0.5 = half of 
the Sun’s luminosity; etc.)

• Radius (solar) – the radius of the star, in solar units

• Mass (solar) – the mass of the star, in solar units 

2. On the right side, find the example plot: the Absolute Magnitude vs. the Apparent 
Magnitude. 

3. Record answers in your notebook:

• What is this a plot of? (What properties are represented here?)

• Sketch the plot roughly, labeling axes.

• What correlations can you pull from this? Is there a general statement that you can 
make? (i.e. as __ increases, then __ also increases, etc.)

• Are there any outliers – points that do not fit in with your description in #2? Can you 
explain them?

• What have you learned about stellar properties? Is this intuitive or counter-intuitive? 
Explain. 

4. Repeat this for a new plot – plot any two of the properties listed. Try to find something 
interesting!

 
Do this several times. Try to get at least two new plots and discover some interesting 
correlations.

SUGGESTIONS: 

• If you choose, you can change the scale of either axis so that it appears as a log axis.

• You can invert the axes (useful for magnitudes).
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Session Four: Spectroscopy, Photometry, and the HR Diagram

HANDOUT: HR Diagram
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Session Five: Stellar Beginnings

L E A R N I N G  O B J E C T I V E S

Students will describe the process of the “birth” of a star; model and be able to explain 
hydrostatic equilibrium; and calculate and compare energy released. 

K E Y  T O P I C S

C L A S S  O U T L I N E

T I M E

10 minutes 

 

10 minutes 

 

 

20 minutes 

 

 

 

 

 

 

 

20 minutes 

 

 

 

15 minutes

T O P I C

Review 
 
ACTIVITY: Strong 
Nuclear Force 
 
Stellar Beginnings 
 
 
 
 
 
 
 
ACTIVITY: Hydrostatic 
Equilibrium 
 
 
ZAMS

D E S C R I P T I O N

Review HR Diagram. 

 

Using magnets with Velcro, students model the differences between 

the electric and strong nuclear forces. 

 

 

Discuss the collapse of a molecular hydrogen cloud as gravity 

takes over and compresses the gas into a protostar. Show images of 

molecular clouds (e.g. Orion nebula). Relate the changes in the cloud 

to the HR Diagram, and have students record them on the copy they 

received in the last class. Suggested video: http://www.amnh.org/

explore/science-bulletins/(watch)/astro/news/infant-stars-shimmer-

in-orions-nebula

This should all lead to the concept of hydrostatic equilibrium. 

 

Divided into two rings, the class models hydrostatic equilibrium. One 

ring represents the inward force of gravity, the other the outward 

force arising from the pressure from the heat building up in a 

protostar. 

 

Discuss how a star is born – when the pressure and temperature 

inside the star builds up to the point that it can start burning 

hydrogen into helium, releasing energy. (Note – the fusion process is 

left for the following class.)

Identify the path on the HR Diagram (very bottom right corner, 

temperatures of ~few dozen K towards the Main Sequence). If the 

star has too much mass, it will destabilize; if it does not have enough 

mass, it cannot fuse. If it is between these limits, though, it will be 

“born” and will be at Zero Age Main Sequence (ZAMS). The more 

massive the star, the quicker it progresses.

• Strong Nuclear Force

• Hydrogen Burning

• Pre-main sequence collapse

• Hydrostatic Equilibrium

• ZAMS

• Spectral Type

• Luminosity Class
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Session Five: Stellar Beginnings (continued)

T I M E

15 minutes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

30 minutes

T O P I C

Spectral Types  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ACTIVITY: Energy 
Release

D E S C R I P T I O N

Looking at the spectra of stars across the range of masses, we can 

identify different absorption features in their spectra. Show students 

examples of the spectral types – OBAFGKM – and note that the 

different temperatures give rise to different features. For instance: O 

stars can strip many of the electrons off of atoms, so we see very few 

lines of neutral atoms; A stars have very strong Hydrogen features; 

and M stars are cool enough that we see molecules.

We can also subdivide each category (e.g. O2.3; F8; G2 like our Sun). 

Annie Jump Cannon got very good at this, and was able to organize 

the variety of spectra across temperatures.

Stars can also be split into Luminosity Classes, which describe the 

size and phase of stellar evolution.

Hand out the List of Spectral Types which shows different classes 

of stars, and their associated temperatures, magnitudes, and 

luminosities. This will be used in later classes as well. 

 

Students will contrast the energy release of 600 lbs of C4 exploding to 

that of the Sun. They will calculate how much energy the Sun gives 

off per second (its luminosity).

M A T E R I A L S

2 bar magnets per group, Velcro tape, Energy Release worksheet, computers for students (to watch 
the videos) or classroom projector with sound, calculators, class set of copies of List of Spectral 
Types.pdf (separate file)

P R E P  W O R K

On each bar pair of bar magnets, identify an orientation that will repel and apply Velcro – 
the Velcro should allow the repelling sides to attach when close enough. Make copies of the 
worksheets. 

H A L L S  U S E D

None

A / V  N E E D E D

If showing the videos to the entire class, a projector or screen, with sound.

H O M E W O R K

Assign a current article on stellar birth – stars forming, star forming regions, the Orion nebula, 
etc.
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Session Five: Stellar Beginnings

ACTIVITY: Hydrostatic Equilibrium
Students will play the roll of a collapsing protostar. Have students form two rings of approximately 
equal numbers of students, one inside another other, holding their hands up. Explain that there are 
several scenarios as this protostar collapses, which they will be acting out. The outer ring represents 
gravity, pulling the star inward. The inner ring represents the heat being generated inside the 
protostar and pushing outward.

Scenario 1: What if there is too much gravity?

Instruct the outer ring of students to slowly start moving inward. The inner ring should push 
back, the outer ring should overwhelm the inner ring. Ask the students what would happen if 
this continued? Gravity will compress the protostar it to a very dense state. This could create a 
black hole. 

Scenario 2: What if there is too much heat?

Have the outer ring move inward again. This time, instruct the inner ring to produce a lot 
of heat and push out quickly. Ask the students to describe the consequences. The whole 
protostar is destroyed, and no new star will be born.

 
Scenario 3: Just right!

Have the outer ring slowly move inward once again. This time when the two rings meet, they 
should apply equal force and balance out. This is hydrostatic equilibrium. The balancing of 
these forces keeps the star at a fairly constant size.

ACTIVITY: Energy Release
Show students a video of an explosion of a known amount of explosives, such as this video of 
a controlled explosion of 600 lbs of C4 being exploded in a controlled manner (http://youtu.
be/8opsHpjC6wg), but other videos or live demos can be used. Students will use a guided derivation 
to compare this explosion to the rate of energy release from the Sun (its luminosity). Students can 
work through the math in pairs, although some students may prefer to work alone.
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Session Five: Stellar Beginnings

WORKSHEET: Energy Release

I N T R O D U C T I O N

Watch the video of a news reporter blowing up 600 pounds of C4 at http://youtu.be/8opsHpjC6wg

B A C K G R O U N D

• The explosion of 600 pounds of C4 releases approximately 1.5 × 109 J (Joules) of energy.

• Joules are a measure of an amount of energy. 

1 J is approximately equal to the energy used to lift an apple (~1 kg) up to a distance of 1m. 

• Watts are a measure of Power, which is an amount of Energy in a certain amount of time.

1 W = 1 J/s 

• The Sun releases 3.839 × 1026 W of power.

Q U E S T I O N S

1. How many explosions of 600 lbs of C4 would be equivalent to one second of the Sun’s energy release? 

2. How many pounds of C4 would that require? 

3. How much energy does the Earth receive from the Sun? 

• The Earth is 1.5 × 1011 m away from the Sun. The Sun’s light has spread out into a sphere of the 
same size. What is the total surface area (in m2) of that sphere when it has expanded to reach 
Earth? 

• What is the total luminosity of the Sun at that distance? 

• What is the Sun’s energy flux (per m2) at that distance? 

• How long does it take for Earth’s surface to receive the same amount of energy from the Sun as 
was released by the 600 lbs of C4? 

4. 1 “kilo-Watt hour” (kWh) is an energy measure: 1000 W of power used for 1 hour. Energy usage in 
houses is usually measured with these strange units.

• How many Joules are in 1 kWh? 
 

• In 2010 in New York State, houses used an average of 610 kWh of energy per month (source: 
http://38.96.246.204/tools/faqs/faq.cfm?id=97&t=3). How many homes would be powered by one 
second of the Sun’s energy output? (Again, assume that solar panels and transmission lines are 
100% efficient.)
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Session Six: Ages of Stars

L E A R N I N G  O B J E C T I V E S

Students will understand the basic processes of hydrogen burning; see how clusters of stars 
evolve off of the Main Sequence; and calculate distances to, and ages of, star clusters.

K E Y  T O P I C S

C L A S S  O U T L I N E

T I M E

20 minutes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
20 minutes 
 
 
 
 
 
 
 
 
 
 
 
5 minutes 
 
 
10 minutes

 

T O P I C 
 
Fusion 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Stellar Lifetimes 
 
 
 
 
 
 
 
 
 
 
 
ACTIVITY: Calculate 
Stellar Lifetimes 
 
ACTIVITY: Predicting 
Evolution off the HRD

D E S C R I P T I O N 
 
Discuss the proton-proton chain as the process for burning 
Hydrogen into Helium. Review underlying concepts: temperature 
must be high enough for protons to move fast enough to overcome 
the repulsive electric force, so that the strong nuclear force can take 
over. Additionally, need critical mass of hydrogen (i.e. protons). 
 
Bring up the CNO cycle, which does make 1He out of 4H, but is only 
efficient at higher temperatures like those found in the cores of very 
large stars. (Note that it also requires earlier generations of stars, as 
all three elements, carbon, nitrogen, and oxygen, are required  
 
Bring up Einstein and the E = mc2 equation: Hydrogen atoms have 
more mass than 1 Helium atom; that difference in mass is what is 
converted into energies. Energy of movement, of photos of gamma 
rays, and of other byproducts (neutrinos, positrons, etc.). 
 
The lifetime of a star depends mostly on its initial mass – the more 
mass, the hotter the temperatures in the core, the faster the hydrogen 
is burned into helium, and the quicker the star gets to the end. 
 
At the rate our Sun is burning Hydrogen, , we expect it to be a main 
sequence star for about 10 billion years. We expect that the least 
massive stars will be on the main sequence for trillions of years, 
while the most massive can live only tens of millions of years. Several 
factors affect star lifetimes. For instance, less massive stars tend to 
burn a higher percentage of their Hydrogen due to convection within 
the star. 
 
Calculate lifetimes, an approximation based on mass. 
 
 
Students use their copies of the HRD and predict how the properties 
represented will change as different stars finish burning hydrogen. 
Briefly introduce students to the Red Giant phase – specifically the 
expansion up of the star.

• Nuclear Fusion

• Proton-Proton Chain

• CNO Cycle

• Turn-off Point
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Session Six: Ages of Stars (continued)

T I M E

15 minutes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
50 minutes

T O P I C

Evolution off of the 
HRD  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ACTIVITY: Measuring 
Ages of Clusters

D E S C R I P T I O N

Discuss the fact that the most massive stars leave the quickest. As 

they expand, they grow less dense and cooler, but there is also a lot 

more surface area, so they can get brighter as well. The net effect is 

that the total luminosity of the star either increases (for lower mass 

stars) or stays roughly the same (for higher mass stars). 

 

This means that they move to the right, or up and right on the HRD. 

But there is a time dependence on this – the most massive stars peel 

off of the Main Sequence first. As time moves on, more stars, just 

below, peel off. This creates a bend off of the Main Sequence and is 

referred to as the “turnoff point.” 

 

There are good simulations of an HRD at http://rainman.astro.

illinois.edu/ddr/stellar/. You can create your own using a variety of 

parameters. 

 

The turn-off point is most recognizable in clusters of stars, where 

all were born at the same time. CLEA software allows students to 

plot a cluster in an HRD, determine the distance to it, and overplot 

isochrones (lines of constant age) to determine its age. Students can 

include additional factors.

M A T E R I A L S

Calculators, student copies of the HRD from class 4, Windows computers, computer with projector 
to show the HRD simulations

P R E P  W O R K

Install CLEA HR Diagram of Star Clusters (http://www3.gettysburg.edu/~marschal/clea/
CLEAhome.html) on computers to be used; read through the manual OR (recommended) edit the 
manual down; photocopies of the manual.

H A L L S  U S E D

None

A / V  N E E D E D

Computer with projector for HRD simulations

H O M E W O R K

1. Using the masses of H and He, and E = mc2, have students calculate the energy released 
in one reaction of hydrogen fusion (4H --> 1He). Optionally, have them also calculate the 
amount of energy released in 3He --> 1C, and compare it to that of the He production.

2. Have students create a mnemonic for remembering OBAFGKM. The standard is “Oh, Be A 
Fine Guy/Gal, Kiss Me!”
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Session Six: Ages of Stars

ACTIVITY:  Calculate Stellar Lifetimes
Give students the approximate relationship of stellar mass, M, to the main sequence lifetime of that 
star, τ. That relationship is:

  
 
 
 
where τ

Sun
 = 10,000,000,000 years. M

Star
 is almost always given in terms of the mass of the Sun, so the 

masses cancel out. 
 
Give students some examples based either on the masses of real stars (there are many resources), or 
some fake stars of, say, masses of 0.5, 2, 5 and 20 M

Sun
. 

ACTIVITY: Predicting Evolution Off of the HRD
Have students take out their HRDs from class 4. Ask them to sketch in pencil their predictions of 
how a high mass, mid mass, and low mass star would leave the main sequence. In other words, how 
would their temperature and luminosity change as they expand and becomes red giants? 
 
Display or sketch an actual or invented HRD with a main sequence on the board, and ask students to 
volunteer answers and justify their response. Steer students towards the answer if need be. Discuss 
at what points low, mid, and high mass stars would deplete their hydrogen.

ACTIVITY: Measuring the Ages of Star Clusters
http://rainman.astro.illinois.edu/ddr/stellar

 
Note that you will need to use the “Vireo” software, a suite of software with many activities. In 
particular, your students will run the HR Diagrams of Star Clusters piece. 

 
Vireo uses real data, and analysis tools similar to those that a professional might use. If time allows, 
students can even use a simulated telescope and make the observations themselves.

 
The manual on the website is dense and college level. You may want to pare it down. Definitely read 
through and try it out – a lot of this project is NOT intuitive.

 
Start all students with the Pleiades, is by far the easiest cluster to analyze. Many are very diffuse 
and hard to read, and several clusters may be inconclusive. Use this as a discussion point and ask 
students why this might occur. Answers include: stars that are represented are not part of that 
cluster; measurement errors; maybe too few stars remain in the cluster for it to be analyzed; any 
many other options.
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Session Seven: Stellar Death

L E A R N I N G  O B J E C T I V E S

Students will understand what happens as stars of various masses run out of core hydrogen to 
fuse; understand how a star’s position on the HR Diagram changes when this happens; measure 
the rate of at which a supernova is expanding; and view a digital tour of stellar positions, 
galactic structure.   

K E Y  T O P I C S 

 

 

C L A S S  O U T L I N E

T I M E

10 minutes 
 
 
25 minutes 
 
 
 
 
 
 
 
30 minutes 
 
 
 
 
25 minutes 
 
 
 
 
 
 
 
30 minutes

T O P I C

Movement off of 
the Main Sequence 
 
High Mass Death 
 
 
 
 
 
 
 
ACTIVITY: 
Expanding 
Supernova Shell 
 
 
Low Mass Death 
 
 
 
 
 
 
 
DEMONSTRATION: 
Digital Tour

D E S C R I P T I O N

Review the turn-off point and evolution off of the main sequence (namely 

to the right or upper right) 

 

Discuss the processes that a high mass star undergoes when it runs out 

of core hydrogen to fuse. Include helium fusion and higher element 

production, up to iron, shell burning, and finally core collapse and 

supernova. Include expansion into a red giant, and possibly multiple 

expansion/contraction phases, and the blowing off of outer layers. Talk 

about degeneracy and neutron production, and the formation of neutron 

stars and black holes. Show images of supernova remnants. 

 

Using a NASA Space Math example, “Chandra Studies an Expanding 

Supernova Shell,” have students measure the rate of expansion of the shock 

wave surrounding SN1987A as it crashes into the surrounding matter that 

had previously been blown off of the original star. 

 

Discuss the process that lower mass stars undergo when they have depleted 

their core hydrogen. In all but the least massive stars, this includes a 

burning of Helium to Carbon, and Hydrogen shell burning, and expansion 

as a red giant. Point out that the temperatures and pressures do not get high 

enough to produce additional elements. Show images of planetary nebulae, 

pointing out symmetries. If time allows, research the 3-dimensional 

structure of planetary nebulae. 

 

Take a digital tour through the Milky Way galaxy, pointing out nearby stars, 

constellations (particularly the constellations in 3D space), various types of 

stars, planetary nebulae, and more. Include galactic structure.

• He fusion
• He flash
• Shell burning
• Red Giant
• Planetary Nebula
• White Dwarf

• Element Production
• Degenerate matter
• Core collapse
• Supernova
• Neutron Star
• Black Hole
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Session Seven: Stellar Death (continued)
M A T E R I A L S

Color copies of “NASA Space Math – Chandra Explores an Expanding Supernova Shell”, 
calculators, mm rulers

P R E P  W O R K

Download and print the NASA Space Math example (spacemath.gsfc.nasa.gov/weekly/6Page94.
pdf), and print/copy in color without “rescaling to fit the page”

H A L L S  U S E D

Hayden Planetarium

A / V  N E E D E D

Lights and projection system in the planetarium

H O M E W O R K

Choose one or two NASA Space Math problems about Black Holes (http://spacemath.gsfc.nasa.
gov/blackholes.html). Suggested – Problem 128 about Event Horizons.
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Session Seven: Stellar Death

ACTIVITY: Expanding Supernova Shell

In this NASA Space Math example, students are asked first to determine the scale within the images 
(which is why it is important to print the sheets at 100%, without scaling), and then to find the 
average rate of expansion of the shell.

 
This activity is easy to supplement, and we suggest these additional questions and discussions:

1. How do you determine where the “edge” and the “center” of the shell are located?

2. Measure the “size” (i.e. either the diameter or the radius) of the shell in each image shown, 
plotting it as a function of date.

•	 For additional information, including dates of each image, see http://chandra.harvard.
edu/photo/2005/sn87a/more.html

3. Determine if the rate of expansion (from #2) is constant, speeding up, or slowing down.

 
 

DEMONSTRATION: Digital Tour
A planetarium is the ideal setting, but you can use a projector paired with computer software like 
Uniview that can show the 3-dimensional positions of objects and allows you to move towards 
and around them. This is different from software like Google Sky, which allows you only to zoom 
in. Suggested platforms include the American Museum of Natural History’s Digital Universe Atlas 
running within software called Partiview (available for free at http://www.haydenplanetarium.
org/universe) or Celestia (available for free at http://www.shatters.net/celestia/), but other free and 
commercial software exists as well. 
 
For the tour, concentrate on the types of objects discussed and studied in the course. Start with their 
positions as viewed from Earth, pointing out what their positions tell us about the Milky Way galaxy. 
For example, open clusters exist in the disk and are visible across the band of the Milky Way, with 
the exception of a few clusters that are near to us. However, globular clusters exist in mainly one 
direction – towards and surrounding the galactic center. 
 
Using constellation lines as you move away from Earth can be very illuminating – they will stretch 
out and create a “spikey ball” that helps place our “solar neighborhood” within the disk of the galaxy. 
When you have zoomed out far enough, point out the structure of the Milky Way – the bulge, the 
barred spiral shape, the spiral arms. 
 
There are many points along the way to ask students to infer why certain objects exist in certain 
locations and to review a variety of concepts from earlier in the course. Ask them about the Milky 
Way itself – about the galaxy’s variety of colors, what types of stars it contains, and what that tells 
us about where new stars are being born. Note that the spiral arms are very blue, indicating areas 
where massive stars being born, which also means massive stars dying as supernovae. The bulge 
shows an area of very yellow/red, where older low-mass stars are concentrated and very few stars 
are being formed.
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Session Eight: Stellar Motions

L E A R N I N G  O B J E C T I V E S

Students will understand the radial, proper, and true motions of a star; measure proper motion 
of a star; and model the proper motion of a cluster of stars.

K E Y  T O P I C S

  

 

C L A S S  O U T L I N E

T I M E 
 
10 minutes 
 
 
 
10 minutes 
 
 
 
10 minutes 
 
 
 
 
20 minutes 
 
 
 
 
10 minutes 
 
 
30 minutes 
 
 
 
 
20 minutes 
 
 
 
10 minutes

T O P I C 
 
Angle Review 
 
 
 
Astrometry 
 
 
 
Proper Motion 
 
 
 
 
ACTIVITY: Modeling 
the Proper Motion 
of an Open Cluster, 
Part I 
 
Typical Proper 
Motions 
 
ACTIVITY: 
Measuring the 
Proper Motion of a 
Star 
 
Radial and True 
Velocities 
 
 
ACTIVITY: Modeling 
the Proper Motion 
of an Open Cluster, 
Part II

D E S C R I P T I O N 
 
Review angle measurements including degrees, arcminutes, and 
arcseconds. Discuss how angles are measured on the sky, and provide 
examples (e.g. the moon is about 30 arcminutes across; etc.). 
 
Discuss the science of astrometry – the accurate measurement of the 
positions of objects in astronomy. Talk about space telescopes such as 
Hipparchos, and HST, and space- and ground-based observations. 
 
Introduce the concept of proper motion, including reference objects/
stars that are farther away. Refer to Barnard’s star, which has the highest 
measured proper motion known. There are many nice animations of 
single star proper motion. 
 
Photograph students modeling a cluster of stars slowly spreading apart, 
from above if possible. 
 
 
 
Discuss typical proper motion scales – time scales and angle scales – 
that are measureable. 
 
Using data from the 2MASS survey and the help of an astrophysicist, 
students will determine how to “centroid” a star in two positions and 
determine its proper motion. 
 
 
Discuss the radial velocity and redshift/blueshift as a measure of the 
radial velocity, and combining radial and proper motions to determine 
the true velocity of a star, relative to our position in space. Note the 
effect of our distance to that star. 
 
Show cluster modeling images, and some manipulations of the data if 
time permits (detailed below). Finish with discussions of what we can 
learn about an open cluster from the proper motions of its constituents. 
 
Note that many stars, especially those born close together, will get 
caught in mutual gravitational pulls. They will orbit as binary pairs, or as 
groups of more than two. 

• Astrometry
• Arcseconds
• Proper motion
• Centroid

• Radial velocity
• Redshift/blueshift
• True velocity
• Binary system
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Session Eight: Stellar Motions (continued)

M A T E R I A L S

Demonstration protractor (optional for angle review if necessary), digital camera, computer for 
processing camera images, camera card reader or other way to transfer images from camera to 
computer, printouts of stars or other objects to identify students in the “cluster”, images to display 
for Measuring the Proper Motion of a Star, color copies of the Measuring the Proper Motion of a 
Star worksheet, projector 

P R E P  W O R K

For the cluster activity, find a location where students can spread out and the instructor can take 
pictures from above; and find animations of proper motions of stars (suggested – Omega Centauri 
HST observations – http://hubblesite.org/newscenter/archive/releases/2010/28/, or Barnard’s Star 
animations from Wikipedia).

H A L L S  U S E D

Cullman Hall of the Universe

A / V  N E E D E D

Projection of the images from the cluster activity and of images in the Measuring the Proper 

Motion of a Star activity

H O M E W O R K

Ask students to read an article on a proper motion study.
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Session Eight: Stellar Motions

ACTIVITY: Modeling the Proper Motion of an Open Cluster
 
P A R T  1

In preparation, hand out or have students bring in an image or object that relates to stars. You can print out 
full-page stars and have students color them in, for instance, or use star-shaped objects, or other objects. They 
should be similar but different enough that they can be picked out easily from a distance. 
 
Find a location where students can spread out about one story below the photographer. The camera should be 
secured place for the entire activity, whether on a tripod is or hand-held against a ledge or on a ladder, etc. 
 
Start the students in a tight group, holding their “star” on top of their heads. Explain that after each photo, they 
should take a small step radially out from the center of the “cluster” of stars – a very small step, about half of 
the length of their own foot. Snap another picture. Repeat until the students are out of the frame, at least ~10 
photos. Repeat the whole process, if time allows. 
 
An interesting addition is to have one or two students start outside of the cluster and walk through it in a 
constant direction. 
 
 
P A R T  2  -  P R E P A R A T I O N

While students are working on the “proper motion of a star activity,” download and select the best set of photos 
(if you took multiple sets). Choose three consecutive photos from near the middle of the set, after the cluster 
has spread out a bit. Create transparent versions (either in transparencies or in digital format on the computer) 
of these three photos and stack them together. (A steady camera means that the photos will line up easily.) 
 
 
P A R T  2

Show students an animation of their cluster slowly spreading apart. Point out the background of stars, and 
elicit that we are seeing the “proper motion” of this cluster’s spread. Explain that instead of photos of an entire 
cluster separating out, astronomers usually get snapshots of the process. 
 
Show the three stacked photos and ask how we can use them to determine where the cluster came from. Elicit 
that we can draw lines along the proper motions of several stars, which should point outward radially from 
where the cluster was born. If you possible, add lines into the photo from position 1 to 3 of the stacked photos. 
 
If you additional students moved separately from the cluster, add lines or point to the proper motions of 
these “stars,” asking if they are part of the cluster. Students should recognize quickly that the motion does not 
match, and rule them out as cluster members. 
 
Point out that this process, while crude, is the same used by astronomers to determine the origin points of 
open clusters and the members of clusters. 
 
Students present their slideshows. Students in the audience should take basic notes on the missions.
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Session Eight: Stellar Motions

ACTIVITY: Measuring the Proper Motion of a Star
Give students a handout with an image showing the positions of a star, 2M 0325-4114, at two 
different epochs – Jan 6 of 2010, and Oct 17 of 1999. The 2010 image (and the surrounding image) 
was taken by an astrophysicist at AMNH, and the 1999 image was taken by the 2MASS survey. The 
selected star can be seen to move against the background of other stars, and students will measure 
the proper motion of this star. The image includes a scalebar of 20 arcseconds well. You can 
demonstrate the process of “blinking” by showing the images on a projector and moving forward 
and back between the two. This shows the movement of the star, and in fact some of the other stars 
exhibit smaller proper motions as well. 
 
The worksheet introduces the students to the concept of centroiding – determining a star’s actual 
position. Note that the green circle surrounding the star is NOT a measure of the position. It is solely 
to identify the star. 
 
Students then measure the distance it has moved in arcseoncds. Then, assuming a distance of 8pc, 
they will determine the physical distance (in meters) that the star has moved during the ~10+ years 
between the images, as well as the speed at which the star is moving. The final questions regard the 
experimental process.
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Session Eight: Stellar Motions

WORKSHEET: Measuring the Proper Motion of a Star

I N T R O D U C T I O N

Below, you will find a combined image of a star, taken on two different dates. Your goal is to 
determine the proper motion – how fast the star is moving in our sky. The image has a scale bar 
that is in arcseconds. Remember: 1° = 60’ (arcminutes) = 3600” (arcseconds).

B A C K G R O U N D  I N F O R M A T I O N

• The star is 2M 0325-4114, and the two images are circled in green or light grey in the image below.

• You are seeing two combined images taken 3734 days apart.

• One taken on October 17, 1999, from the 2MASS survey

• The second on January 6, 2010 (taken by Jackie Faherty, PhD, AMNH Astrophysics)

• Jackie measured the parallax of this star, and determined it is at a distance of 8pc away. 
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Session Eight: Stellar Motions

WORKSHEET: Measuring the Proper Motion of a Star (continued)

P R O C E D U R E :

1. Take a look at the image. First, and most importantly, you must determine the exact position 
of the star. This is called centroiding. The star is a point source of light, however due to the 
detector, the atmosphere, and other reasons, the light spreads out. In the space below, describe 
your process for centroiding. NOTE: The circles are NOT centered on the star’s position; they 
are included for identification only. 
  
 
 
 
 
 
 

2. A scale bar on the image indicates 20” (20 arcseconds). Centroid the stars (from your method 
in Question 1 above), and then determine the angular distance (in arcseconds) that the star has 
moved, from the 2MASS data to Jackie’s data. 
 
 
 
 
 
 
 
 
 

3. The scale bar represents a length of 2.4 × 1013 m at a distance of 8pc. Determine the physical 
distance (in meters) that the star has moved over the time period.
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Session Eight: Stellar Motions

WORKSHEET: Measuring the Proper Motion of a Star (continued)

P R O C E D U R E  ( C O N T I N U E D )

4. Determine the speed that the star is traveling, in m/s. 
 
 
 
 
 
 
 
 
 
 
 

5. What sources of error can you identify in this process? 
 
 
 
 
 
 
 
 
 
 
 
 

6. What if Jackie’s parallax measurement of this star was incorrect? Let’s say the star is actually 
farther away than 8pc, but the image is correct. How would this change your answers to 
questions 2, 3, and 4?
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Session Nine: Galaxies

L E A R N I N G  O B J E C T I V E S

Students will create their own sorting scheme for a variety of galaxy images; learn about the 
history of galactic classification; see the structure of the Milky Way; calculate the rotation 
speeds of galaxies at different radii; and learn about measuring galactic rotation curves and the 
existence of dark matter.
 

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

Galaxy sorting cards (available from the Astronomical Society of the Pacific, http://www.astrosociety.
org/edu/astro/act5/gal_sort.html; or make your own), scissors, calculators, copies of NASA Space Math – 
Rotation Velocity of a Galaxy (#322, http://spacemath.gsfc.nasa.gov/stars.html), optional – poster of the 
Milky Way to show structure

P R E P  W O R K

Make color copies of the galaxy sorting cards (you 
can cut them out ahead of time, or have students 
do that in class). Optionally, have a set of the cards 
made in larger format for showing to the whole 
class.

H A L L S  U S E D   A / V  N E E D E D

None   None

H O M E W O R K

Assign students a NASA Space Math set about 
galaxies from the Stars set (http://spacemath.gsfc.
nasa.gov/stars.html)

T I M E

30 min

15 min 

20 min

30 min

30 min

T O P I C

ACTIVITY: Galaxy 
Sorting

Galaxy 
Classifications

The Milky Way

ACTIVITY: Rotation 
Velocity of a Galaxy

Galactic Rotation

D E S C R I P T I O N

Students sort images of several (~20) galaxies into categories. The images 
should reflect several different types of spirals, barred spirals, ellipticals, 
irregulars, and intermediaries.

Show the Hubble Tuning Fork diagram and explain the various types of 
galaxy. Newer versions with expanded categories also exist, in particular 
from the Spitzer Space Telescope, http://sings.stsci.edu/Publications/
sings_poster.html

Remind students of the shape of the Milky Way and talk about the various 
components in detail – the thin disk, the spiral arms, the bulge and 
supermassive black hole, the halo. Talk about the formation of the Milky 
Way and galaxies in general; there are many videos available on YouTube 
and elsewhere. 

A NASA Space Math activity that explores the rotation of spiral galaxies.

Explain the history of the discovery of dark matter as told by the rotation 
curves of spiral galaxies. Also discuss how stars in elliptical galaxies 
move, and if time permits, how spiral galaxies evolve by cannibalism and 
merging.

• Spiral and barred spiral galaxies
• Elliptical galaxies
• Irregular galaxies
• Hubble Tuning Fork

• Galaxy formation
• Galactic rotation curves
• Dark matter
•  Milky Way components – bulge, disk,  

spiral arms, halo
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Session Nine: Galaxies

ACTIVITY:  Galaxy Sorting
Hand out the galaxy cards to students in teams of 2 – 4. Ask students to look at all of the galaxies as a 

group, and note features across the set that are common, shared and rare or unique. Once they have 

noted some of these features, have them sort the cards in whatever scheme makes sense to them. 
 

Visit the groups while they are sorting the cards, and encourage them to describe the sorting 

scheme to you. If necessary, ask them to revise or revisit their categories to make the distinctions 

more specific. 
 

Most students will finish well before the time allotted. Encouraged them to come up with a second 

(or even third) classification system. If students are very stuck, one slightly leading but helpful 

question is to ask if the shapes of the galaxies follow any continuum. 
 

Ask students to share their classification systems. Use larger versions of the images to show 

representative examples.

ACTIVITY: Rotation Velocity of a Galaxy
This NASA Space Math example gives students a generalized equation for the rotation speed of stars 

around a spiral galactic center. There are constraints on this, and, as the sheet notes, this does take 

dark matter fully into account. But the example gives students a sense of the distances and speeds 

involved. 
 

To extend this set of calculations, you can ask students to: plot the velocities as a function of x on 

graph paper; relate the calculated speeds to those of their everyday life; and/or use the Sun in the 

example (at a distance of about 30,000pc from the galactic center).
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Session Ten: Substellar Objects – Brown Dwarfs  
and Exoplanets
L E A R N I N G  O B J E C T I V E S

Students will understand the types of substellar objects; learn about different types of brown 
dwarfs; learn about the search for brown dwarfs; and use data to determine if an object is a star, 
brown dwarf, or planet, or if it is indeterminate.

K E Y  T O P I C S

C L A S S  O U T L I N E

T I M E

20 minutes

 

20 minutes 

 
 

60 minutes

20 minutes

 

T O P I C

Substellar 
Objects 

Detecting 
Substellar 
Objects

ACTIVITY: 
What is it? 

 
VIDEO: Hunt 
for Alien Earths 

D E S C R I P T I O N

Introduce brown dwarfs and planets. Formation mechanism can be exactly the 

same as for stars – accreting matter from a molecular cloud – except that they 

do no fuse hydrogen into helium. Brown dwarfs do fuse hydrogen into heavier 

forms of hydrogen (like deuterium). Explain the three types– L, T, and Y dwarfs 

– and recent work on locating and studying them. Explain that planets have no 

fusion at all.

Go over the basic methods for detection, with examples: direct imaging (first 

used in 1994 to detect the first brown dwarf); Radial Velocity/Doppler method 

(also known as the “wobble method”); the Transit Method (including the Kepler 

space telescope); Astrometry; and Microlensing.

Using a theoretical model for effective (surface) temperatures of objects with 

different masses, and data about hypothetical and real objects, determine if an 

object is a star, brown dwarf, or planet, or if it cannot be identified.

Play the NOVA ScienceNOW video on searching for Exoplanets (or something 

similar)

• Brown dwarf
• L, T, Y dwarfs
• Planet
• Disks

• Jets
• Planet
• Jupiter mass 

• Detection techniques: 
direct imaging, radial 
velocity, transit, 
astrometry, microlensing 

M A T E R I A L S

Color copies of the Low Mass Evolutionary 
Diagram, copies of “What is it?” worksheet, 
computer with projection for video, copies 
of “List of Spectral Types.pdf” (separate files), 
student computers or other internet enabled 
devices (1/group)

P R E P  W O R K

Load video from http://www.pbs.org/wgbh/
nova/space/hunt-alien-earths.html

A / V  N E E D E D 

Projection and sound for Hunt for Alien Earths

H O M E W O R K

Assign a reading about exoplanets or brown 
dwarfs – either the history of detection 
methods and/or ‘current events’ in exoplanet 
discoveries (these are happening at ever 
increasing rates)

R E F E R E N C E

•  Evolutionary models adapted from “Extra-
Solar Giant Planet and Brown Dwarf Models,” 
by Burrows et al., http://adsabs.harvard.edu/
abs/1997ASPC..119....9B

•  Data from “High-precision Dynamical Masses 
of Very Low Mass Binaries,” by Konopacky, et 
al., http://adsabs.harvard.edu/cgi-bin/bib_
query?arXiv:1001.4800
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Session Ten: Substellar Objects – Brown Dwarfs and Exoplanets

ACTIVITY:  What is it?
Students will use an evolutionary model of an object’s temperature vs its age. The age (x-axis) is in 
logarithmic format. Students will be given some background information, including how to read the 
Evolutionary Model plot, and then asked to do a project in two parts: in part 1, they will determine 
the mass and type of a hypothetical object in a cluster, give its effective temperature and estimate 
the age of the cluster; in part 2, they will use real data about binary systems to determine if objects in 
the list are stars, brown dwarfs, or planets. 
 
Part 1 uses hypothetical stars in different cluster groups. To extend this part of the project, look 
back to lesson 6 and have students use the CLEA software to determine the ages of the clusters. 
Alternately, supply the ages or have students look up them up on the web. 
 
In part 2, students will have to use the uncertainties given. They will have a hard time categorizing 
some of the listed stars; some will straddle the boundaries between star/brown dwarf, or brown 
dwarf/planet, and some will appear to not fit on the plot at all. This is okay. Students can discuss 
what has gone wrong - namely, that the observations and the model don’t match up, which means 
we’ve learned something! 
 
It’s useful to supply two Evolutionary Diagrams to each student. They can mark it up in part 1, and 
have a fresh diagram to use for part 2. 
 
NOTE: The primary and secondary masses listed have been modified slightly to the lowest bounds; 
while this is not technically correct, it makes the students’ work easier.
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Session Ten: Substellar Objects – Brown Dwarfs and Exoplanets

WORKSHEET: What is it?
Determining the mass of an object and the type of object from very far away is not always a 
trivial task. In the two activities below, you are going to replicate what astronomers do when 
making their measurements.

Background Info
•	We	will	use	M

Jup
 (the mass of Jupiter) as our unit.

•	The	mass	of	an	object	determines	what	it	is:
 o A planet has a mass: M ≤ 13 M

Jup
 

 o A brown dwarf has a mass: 13 M
Jup

 < M ≤ 77 M
Jup

 o A star has a mass: M > 77 M
Jup

•	The	color	Evolutionary	Diagram	has	several	parts	to	it.
 o It shows the temperature of an object over 10 billion years.
 o  The vertical axis on the left shows temperature, while the axis on the right shows  

the associated spectral types.
 o Red lines show planets:
	 	 •	Each	line	represents	1	M

Jup
 difference

 o Green lines show brown dwarfs:
	 	 •	from	14	–	20	M

Jup
, each line represents an increase of 1 M

Jup

	 	 •	from	30	–	70	M
Jup

, each line represents an increase of 10 M
Jup

	 	 •	from	70	–	77	M
Jup

, each line represents an increase of 1 M
Jup

 o Blue lines represent stars:
	 	 •	from	78	–	85	M

Jup
, each line represents an increase of 1 M

Jup

	 	 •	the	last	few	represent,	moving	up:	90,	100,	150,	and	200	M
Jup

 o  This plot was made by Jackie Faherty, AMNH, and is based on data from Adam Burroughs, 
and others, from “The theory of brown dwarfs and extrasolar giant planets,” published in 
Reviews of Modern Physics, vol. 73, Issue 3, pp. 719-765

•		In	part	2,	you	will	be	given	some	masses	in	MJup	or	Solar	Masses.	You	will	need	to	convert	to	 
Jupiter masses:

 o 1 M
Jup

 = 1,047 M
Jup

PART 1: Determine the mass, and type of object.

Below is a list of fictional stars, including the cluster that each star is associated with and its  
spectral types.

1.  Use the reference sheet to determine each object’s effective temperature (T
eff

) from its  
spectral type.

2. Look up the cluster on the web, and determine the approximate age of the object.

3. Plot and label the point on the Evolutionary Diagram. Determine the object’s mass and type.
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Session Ten: Substellar Objects – Brown Dwarfs and Exoplanets

WORKSHEET: What is it? (2/4)
 

PART 2: Determining age of an object

From a paper entitled, “HIGH-PRECISION DYNAMICAL MASSES OF VERY LOW MASS BINARIES,” 
(The Astrophysical Journal, 711:1087–1122, 2010 March 10), we have the masses of 6 binary objects 
(12 objects in total). These are given in solar masses (M⊙), and must first be converted to Jupiter 
masses (M

Jup
). Use that mass and the spectral type of each object to determine its age. 

Cluster

Object Name

Hyades

2MASS 0746+20AB 0.12 ± 0.01 0.03 ± 0.01 L0 L1.5

GJ 569b AB 0.073 ± 0.008 0.053 ± 0.006 M8.5 M9

2MASS 2140+16AB 0.08 ± 0.06 0.02 ± 0.02 M8.5 L2

LHS 2397a AB 0.09 ± 0.05 0.06 ± 0.05 M8 L7.5

2MASS 2206-20AB 0.13 ± 0.05 0.03 ± 0.02 M8 M8

LP 349-25 AB 0.04 ± 0.02 0.08 ± 0.02 M8 M9

M5

M3

L7

L0

L7

T6

M4

L7

Pleiades

Beta Pictoris 
Moving Group

Ursa Major 
Moving Group

Spectral 
Type

MPrimary  (M⊙)

Teff (K)

MSecondary (M⊙)

Age (years)

Spectral Type 
(Primary)

Mass (MJup)

Spectral Type 
(Secondary)

Type of  
object
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Session Ten: Substellar Objects – Brown Dwarfs and Exoplanets

WORKSHEET: What is it? (3/4)

Choose any one target (i.e. one binary pair) from the table on the previous page. Follow the steps 
below to determine what types of objects make up that binary pair.

1.  There are two objects listed for each “target name,” the “Primary” and “Secondary.” Determine the 
mass of each in Jupiter masses and the uncertainty in Jupiter masses as well. 

 Primary:

 Secondary:

2. Plot the points on the Evolutionary Diagram, one at a time.
 a. The table gives you the spectral type.
 b.   Find the point where the mass intersects with the spectral type (on the vertical axis, right 

side) and mark and label it.
 c. Draw the error bars – a horizontal line from the minimum to the maximum mass.

3. Determine the possible range of ages for the objects (the horizontal axis), and the type of object 
for each (star, brown dwarf, planet): 

 Primary:

 Secondary:

Repeat this procedure with a second binary pair of your choice, and then answer the questions  
below.

Reflection Questions:

1. Why is mass an important property?

2. In part 2, what did your uncertainty in mass reveal?
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Session Ten: Substellar Objects – Brown Dwarfs and Exoplanets

WORKSHEET: What is it? (4/4)

3. In part 2, were you able to determine the types of objects? Explain.

4. In part 1, how would it affect your inferred mass if the ages were incorrect or approximate?

5. As time gets into the billions of years, the T
eff

 of the stars (the blue lines in the plot) level off. Why?

6. As time continues on, the temperature of brown dwarfs and planets does not level off. Explain why.
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Session Ten: Substellar Objects – Brown Dwarfs and Exoplanets

HANDOUT: What is it?
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Session Eleven: Exoplanet Properties
L E A R N I N G  O B J E C T I V E S

Students will learn about general properties of exoplanets and how they are detected; be able to describe 
the “habitable zone” around a star; understand what types of stars might have Earth-like planets in orbit 
around them; and use real data to describe features of discovered exoplanets.

K E Y  T O P I C S

C L A S S  O U T L I N E

T I M E

10 min

10 min 

 
 

10 min

10 min

10 min

70 min

T O P I C

ACTIVITY: Exoplanet 
hunting methods 
 
Identifying the  
Best Stars

History of Exoplanet 
hunting

Habitable Zone

Search for Life

ACTIVITY: 
Analyzing 
Exoplanet Data

D E S C R I P T I O N

Ask students to describe each technique for finding sub-stellar objects.

 
Talk about the stars that are nearby and the brightest stars near us. There are 
lots of M stars nearby, and the closer the object the easier to get data. But to 
have good data we also want relatively bright stars, mV < 10. Thousands of G 
stars to about 100pc away qualify, as do tens of thousands of F stars to about 
200pc away. 
 
Additional factors – the difference in brightness between a star and its planet 
(for visual searches); high planet-to-star mass ratio, meaning a more massive 
planet or a less massive star (for Doppler method); high planet-to-star radius 
ratio (for transit methods); and the orientation of the planetary system.

Bring up the example of the first exoplanet discovered – 51 Pegasi b. Talk 
about this and subsequent exoplanets found that tend to be “super Jupiters” 
that orbit extremely close to their home star. Also discuss about Super Earths 
and other types of exoplanets.

If we are looking for Earth-like planets, and specifically for life, we need 
to look for the conditions that we know. Within the Habitable Zone, the 
temperatures generally allow for solid, liquid, and gaseous water on the 
surface, simultaneously. This zone will be closer in and very thin for less 
massive stars; and farther out but thicker for more massive stars. 
 
Talk about this as a condition for life. If time allows, discuss other places and 
conditions that may be hospitable to life. (e.g. Europa, which may have an 
underground liquid ocean, tidally heated by Jupiter).

Other factors include the atmosphere of a planet (which we may now be 
doable, albeit very hard to do[to sample atmosphere?]); lifetime of the star; 
peak wavelength (i.e. does the star have too much ionizing UV radiation); 
stellar activity or stability; and orbital stability. Students may be able to 
suggest more.

Students use data about currently known exoplanets, to plot correlations, 
histograms, and more, and report back to the class.

• Exoplanets
• Exoplanet candidates
• Super Jupiter
• Super Earth

• Kepler Mission
• Habitable Zone
• Search for Life
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Session Eleven: Exoplanet Properties (continued)

M A T E R I A L S : 

Board to write on (or chart paper with markers), set of iPads with web access with iPad dongle for 
projector OR class set of computers with web access.

P R E P  W O R K

If using iPads – install the Exoplanet app.

H A L L S  U S E D

None

A / V  N E E D E D

Digital projection or display of the student’s work – either from the iPads (through an iPad 
dongle), or from their computers

H O M E W O R K

Ask students to find 2 articles on interesting exoplanets that have been recently discovered.



Science Research Mentoring Program STARS

© 2013 American Museum of Natural History. All Rights Reserved. 58

Session Eleven: Exoplanet Properties

ACTIVITY: Exoplanet Hunting Methods
To prepare: On the board or chart paper, make a large table – 3 across, 6 down. Label the left-most column “Hunting Methods”, 

and list the 5 hunting methods discussed in session 10: 

 

 

 

Leave the additional two columns blank, no headers. 
 

When students are ready, review each technique very briefly. Title the middle column, “Type of Observation.” Offer the three 

types of observations up to the students – Visual (or ‘taking an image’), Brightness Variation, and Spectroscopic – and ask 

which techniques use which, noting them in the second column. 
 

Finally, ask where each of the hunting methods works best, and filling in the final column, “Where to look.” If students are 

unsure, ask if the method would work nearby, far away, in an area dense with stars, with isolated stars, or any other options 

you can think of. 
 

The first four techniques are best nearby in areas that are not too crowded. Microlensing, however, requires objects to pass in 

front of other objects, and is best suited for crowded areas like clusters 
 

Your final table should look like:

ACTIVITY: Analyzing Exoplanet Data
Students can either use iPads with the Exoplanet app installed, or work in small groups of 2 – 3 on computers accessing the 

Extrasolar Planets Encyclopedia at http://exoplanet.eu.  
 

Give students lots of time to look through the catalog and familiarize themselves with the analysis tools, including filtering 

and sorting, and scatter plots and histograms. Ask students to investigate something that interests them. Keep this very open-

ended. The goal is to have them pull out some piece of information from the data. 
 

Suggestions include: correlations between various stellar properties, determining which planets are  

“Earth-like” or nearly so, and looking at the history of exoplanet detection.
 

Remind students that notetaking is especially important for this activity. They will be presenting their findings to the class, 

and will need to reproduce the data (table(s) or plot(s) or other) for the whole class.
 

As you circulate, ask students what they’re finding out. Ask whether what they’ve found is a product of the technique and 

available technology, or if they have discovered an inherent property of exoplanets. For example, if students are looking at the 

radius of exoplanets correlated with the year of discovery, they may have learned something about our detection capacity. It’s 

not true, however, that the radius of all exoplanets in the galaxy has decreased in the past 15 years (as the data will imply).
 

At the end, have students present their findings to the whole class. 

Hunting Method

Direct Imaging

Astrometry (position)

Doppler Method

Transit Method

Microlensing

Visual

Visual

Spectroscopic

Brightness Variation

Brightness Variation

Nearby, uncrowded

Nearby, not too crowded

Nearby, not too crowded

Nearby, not too crowded

Works to far distances, crowded

Type of Observation Where to Look

•	 Direct Imaging

•	 Doppler Method

•	 Microlensing

•	 Astrometry

•	 Transit Method
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Session Twelve: Recent Discoveries
L E A R N I N G  O B J E C T I V E S

Students will share interesting exoplanets they read about for HW, and learn about ‘current 
events’ in stellar astronomy.

K E Y  T O P I C S

• Varied, depending on instructor’s choice

C L A S S  O U T L I N E

T I M E 
 
20 min 
 
 
 
 
 
30 min 
 
 
 
 

 
 
 

 
 
 
 
 
45 min 
 
 
 
30 min

T O P I C 
 
Exoplanet article 
discussion 
 
 
 
 
Flex-Time 
 
 
 
 
 
 
 
 
 
 
 

 

 
SHOWING: Space 
show – Journey 
to the Stars 
 
Post assessment

D E S C R I P T I O N 
 
Students share HW articles about interesting exoplanet systems. 
 
Have students reflect on the relevant topics, such as: multiple exoplanets 
around individual stars; exoplanets in the habitable zone; Earth-like 
exoplanets; odd systems (multistar, highly eccentric).

This is a bit of flextime. If possible, invite a stellar astrophysicist or an 
amateur astronomer come talk about his or her work. Recent research 
findings involves topics such as: 

• low-mass, nearby stars
• L, T, and Y brown dwarfs
• large scale surveys like SDSS or CLASH

 
You can also cover additional topics:

• quasars and active galaxies
• the Local Group, including the Andromeda galaxy
• stellar magnetic fields
• oddities like stars that rotate really fast, stars with enormous masses,  

‘blue stragglers’, etc.
• supermassive black holes in spiral galaxies 

Show the space show, “Journey to the Stars.” 
 
 
 
Repeat the assessment given in the first session.

M A T E R I A L S

Journey to the Stars Space Show – DVD or a 
planetarium showing it

P R E P  W O R K 

You can request a free copy of the space show 
by emailing center@amnh.org, with your name, 
school or institution, grades you teach, and 
complete mailing address.

H A L L S  U S E D 

Planetarium

A / V  N E E D E D 

Projector or planetarium

H O M E W O R K

None
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Session Twelve: Recent Discoveries

SHOWING: Journey to the Stars
 
This space show covers many of the topics from this course. If you have the ability to show this in 
a dome or go to a planetarium that is showing it, please do! Otherwise, it is also formatted for a flat 
screen. 
 
Explain beforehand that everything within the show is based on real data and/or scientific 
simulations. At points there are artistic renderings of some of the data, but nothing shown is “fake” 
or made up. 
 
After the show, take all questions and note students’ impressions. 
 
If you have time, scroll slowly through the credits, noting the names of all of the scientists who 
contributed data or simulations, and where they work.


