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Preface

Throughthe years, the American Assodation of Variable Star Observers (AAVSO) has
been a source of information and guidance to students who decideto study variable stars
for class or science fair projects. The idea to develop a formal curriculum usng the
AAVSOG@ unique variable star daabase, however, came about when | attended CAn
Education Initiative in AstronormyOworkshop, supported by NASA, in Washington, DC,
in February of 1990.The oppatunities, objectives, strategies, and recommenddionsthat
were discussed at tha workshop, along with the presentation by Dr. Bassam Z.
Shakhashiri, then Director of the Nationd Science Foundition@ Education Division,
who suggested tha we as astronomny educators have the best tools to attract the attention
and imaginaion of students, other teachers, and the public, provided the impeus and
ideas for HandsOn Astrophysics.

My colleague JohnR. Percy, aleading advocate of astronony education for decades, had
been usng AAVSO variable star observationsin many projects for his students at the
University of Toronto. Ingired by the Washington, DC, workshop, Dr. Percy and I, with
the strong_endorsement of the AAVSO Coundl, decided to develop togehe a
curriculumN HandsOn AstrophysicsN based on our many years of experience in guiding
students, and utilizing many decades of AAV SO variable star observations

Variable stars are stars that changein brightness, and these changes in brightness hdp us
undestand the naure and evolution of stars and gdaxies. The study of variable stars is
paticularly suited to science, math, and computer educion. Students can obsrve
variable stars with binoaulars, telescopes, and even with the unaded eye, and then can
andyze the changes in brighiness of the stars they observe by usng the over 600000
observations and the computer programs provided with HandsOn Astrophysics. As
students discover the unique qudities and the oddities of a star@® behavior, they can find
out more aboutQher starOthroughfurther research in thelibrary and viathe Internet.

With members in 45 counties, the AAVSO is the largest organization in the world
dedicated to variable stars, and with over 8.5 million variable star obgervationsfrom its
foundngin 1911to the present, the AAV SO is custodian of the world@ largest database
on variable stars. Many variable star observing groups around the world submit their
observationsto the AAV SO to be part of the AAV SO Internationd Database, so they can
be used by researchers and educators aroundthe world. AAV SO members and observers
rangein agefrom eightto over 90, and come from all walks of life, but they all have one
thing in common: a love of and curiodty aboutvariable stars. These dedicated amateur
astrononers have provided the unique component of the HandsOn Astrophysics
curriculumN real data which can be used by students, teachers, and amateur and
professiond astrononers alike to discover the secrets of the stars, induding our own Sun.

All components of the HandsOn Astrophysics curriculum were designed with the
discovery process in mind. Our intention in offering this curriculum to you is to hdp
students acquire fundamental science skills and to develop an undestanding of basic
astronomy conaepts, to provide interdisciplinay connetions and to take students
throughthewhole scientific process. It is owr hopetha while having funin working with
real daa, students will develop more sophisticated math and computer skills. We further
hopetha HandsOn Astrophysics will foger among both students and teachers a love of
and interest in oneof the mog fascinaing branches of scienceN astronony.
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HandsOn Astrophysics is not jud for students and teachers: it has been developed for
everyone who is interested in astronony and in learning more about the wonde's and
workingsof the universe. HOA materials are suitable for amateur astrononers who wish
to learn more about the fascinaing naure of variable stars. There is a wealth of
information which can be utilized for science projects, for astronomny club activities, and
for family learning.

As Co-Directors of HOA, John Percy and | gratefully acknowledgethe funding provided
to the AAVSO by the Education Division of the Nationd Science Foundaion (NSF)
through Grant No. ESI-915409]1 which enabled us to develop this curriculum. We
express our sincere thanks to Dr. Gerhard L. Salinge, NSF Indructiond Materias
Development Program Director, who recognized the potential of owr project and
provided us with his invaduable guidance and recommendaions throughout its
development.

We express our gratitude to the thousinds of amateur astrononers worldwide who
contributed observations to the AAV SO Internaiond DatabaseN withoutthdar efforts we
would not have thereal dataonwhich theHOA curriculumisbased.

Findly, we recognize with deepest appreciation the efforts of DonnalL. Young lead
teacher and prinapd author of the HOA Manud, and the invduable contributions of
many teaches, students, amateur astrononmers, AAVSO daff membes, and othe
individuds to the development of HandsOn Astrophysics.

Janet AKyYzMattel
AAV SO Director

Cambridge Massachusetts, USA
December 1997
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Foreword

In November of 1996, | attended the second HandsOn Astrophysics (HOA) teachersO
workshop hdd at the Headquaters of the American Assodation of Variable Star
Obsrvers (AAVSO) in Cambridge Massachusetts. At the time | was teaching
astrophyscs and AP physcs a the Maine School of Science and Mathematics in
Limestone Maine (a new residentia math and science magné school for juniors and
seniors). | was looking for that noneistent middle-ground material for my astrophyscs
classN hdfway between basic introdudory astronomny content and calculusintensve
astrophyscs. During tha workshop, as | consdered the preliminay HOA materials
before me, | decided that the concept of variable star observation had the potential to bea
truly innovdive and exciting curriculum. | went back to the magndé school and
introduced my students to the process of estimating magnitudes, plotting light curves, and
condructing phase diagrams with the VSTAR software.

In northern Maine in the middle of winter, early evening temperatures are often -25 to-
35°F. But the night sky is stunningly beautiful with frequent aurorae and myriad stars,
and the winter cold did not deter my students. | literally could not stop some of them
from making therr nightly observations Seeing their enthusasm, the idea passed through
my mind tha | would like to develop some classroom materias for teachers based on
wha the AAV SO had begun

A few monthslater | was granted a yearlong residential fellowship at the Wright Center
for Innovdive Science at Tufts University, directed by Eric Chasson. At the same time,
AAVSO Director Janet Mattei asked if | would be interested in working as a
development conaultant for the HOA curriculum, thereby contributing the perspective of
a recognized master classroom teacher with extensve experience in state science
initiatives and naiond workshops | decided tha my project for the year at the Wright
Center would be HandsOn Astrophysics.

Themoreinvolved | became with HOA, the more excited | became over the potential that
the curriculum hdd for so many students and teachers. For the past year and a hdf | have
been extensvely involved in rewriting some preexisting materials and making copious
additionsto themanud. | have made every attempt to ensure tha themanud is as easy to
use as posible for classroom teachers, and is as interesting as possible for students,
amateur astrononers, and other individuds.

The HOA curriculum will not work for content-driven courses. Indead, it is a self-
directed study, with minimal inputfrom teachers, which involves studentsin real science.
There is nathing artificia or arbitrary or contrived. HandsOn Astrophysics students will
do science in exactly the same way tha professond scientists do science every single
day. There are no right or wrong answers. the process is everything. The content is
assimilated along the way as necessary, not presented as long and tedious text. This
curriculum empowers students to take charge of a learning process tha is applicable to
every facet of thar lives, whehe educationd or pesond. No other science is as
interesting or fascinding as astronony, and doing astronony is more interesting and
fascinaing than reading aboutit. Students can gan incredible insight into the scientific
process with nothing more than thar eyes and the contents of this curriculum.

HandsOn Astrophysics is an invitation to embark uponajoumey into the very hearts of

starsN to listen to the rhythms of thar pulsations and begin to gan an undestanding of
the processes by which they evolve. Alongthe way, students will acquire the necessary
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skills and knowledgeto determine and comprehend the message encoded within starlight,
but the strength and power of the joumey is tha it involves a complete immersion into
the scientific processN the very founddion of how we congruct knowledge Thos who
undetake this joumey will aso redlize an added benefit: an appreciation of the stellar
inhabitants of our universe tha may result in a lifelong avocation as an amateur
astronomer, with the potential of making significant contributionsto science.

Findly, HandsOn Astrophysics takes students out of the artificial confines of classroom
walls to gathe obervationd data from the night sky abovethem. Thisis where they will
begin ther own individud journeys to the stars and feel the same deep stirringstha our
ancestors felt when they looked towardsthe stars. We have notlog our fascination for the
night sky. The colored and dancng display overhead causes us to pause and reflect,
invoking deep longingstha take us back throughmillennia and conneet us to our past.
Our originsare in the stars, and so is our future. When we look up we feel connected to
the grandeur of the sparkling array above us And tha is the find powerful
interdisciplinary aspect of this curriculumN tha both people and stars are connected,
occupying ther own places in time and space, living and dying togeher in the same
universe.

| am proud to have had the opportunity to hdp in the development of HandsOn
Astrophysics. | hopeit has amajor impact on astronomy education worldwide

DonnaL. Young
HOA Manud Author
Curriculum Consaultant

Medford, Massachusetts, USA
December 1997

A AV SO Variable Star Astronomy



Table of Contents

CAUTIONARY SAFETY NOTE

UNIT 1: PLANETS AND STARS

CHAPTER 1: THE SOLAR SYSTEM AND BEYOND

An introduction to the nature, size, and scale of the Solar System and its place in the Milky Way Galaxy,
along with some activities for expressing and visualizing these sizes and scales.

Poger Page Whols More Important?  (Braheand Kepler)
Investigations1.1lakEx: Sizes and Distances of the Sun, Earth, Moon, Planets
Core Activity 1.2: Unit Convasion

Core Activity 1.3: String Modd of the Solar System

Core Activity 1.4: Mathematical Estimation of Sizes and Distances

Poger Page An Arm@-Length Reach Into the Universe (the Voyagers)
Space Talk on Objectsin Our Solar System

CHAPTER 2: THE NATURE OF STARS

An introduction to the basic physical properties of stars that affect their appearance: apparent brightness,
distance, temperature (seen as color), and the relationships among these properties.

Investigation 2.1: TheProperties of Stars

Core Activity 2.2: Undastanding the Temperature Scales
Investigation 2.3: How BrightIs It?

Core Activity 2.4: The Appaent Colors of theNight Sky
Poger Page TheMan Who Colorsthe Stars (David Malin)
Space Tak onInterstellar Distances

UNIT 2: INTRODUCING THE SKY

CHAPTER 3: FAMILIARIZING YOURSELF WITH THE NIGHT SKY

An introduction to Gstar hoppingOand the planisphereN methods and tools which help students locate the
constellations and deter mine when they are in the skyN as well as the Sky Gazer @ Almanac, which provides
additional information on celestial events and times.

Investigation 3.1: Drawing a Star Map

Core Activity 3.2: Usingthe Planisphee

Activity 3.3: Searching for Congellations

Poger Page Whereto Go, Wha to Do.... (Navigating by the Stars)
Activity 3.4: Using the Sky Gazr@ Almanac

Space Talk on The Pawnee Sky Chart

A AV SO Variable Star Astronomy



CHAPTER 4: OUR BEARINGS IN THE SKY

This chapter describes and explains the apparent daily and yearly motions of celestial objects and
introduces some simple activities to investigate and illustrate them. The celestial sphere model is
introduced here, and the equatorial coordinate system is explained as one means of accurately locating
objectsin the night sky.
Investigation 4.1a Undeastanding the Motionsof the EarthEMoon System
Investigation 4.1b: Undeastanding the Motionsof the Stars and CongellationsE
Core Activity 4.2: Using a Quadrant to Measure the Motion of the Moon, StarsE
Core Activity 4.3: Why CongellationsAppear in Different Placesin the SkyE
Poder Page AbeLincoln andthe Almanac Tria
Core Activity 4.4: The Rotating Earth and the Sun@ Apparent Motion Acrossthe Sky
a) Shadow Stick Astronony
b) Shadows ona Sphee
Core Activity 4.5: Congéllation Plots
Activity 4.6: Plottingthe Actud Postionsof the Planets
Poger Page Astrology or Astronony? (Horoscopes and Precession)
Space Tak onLuna Librations

UNIT 3: OBSERVING VARIABLE STARS

CHAPTER 5: INTRODUCING THE VARIABLE STAR ASTRONOMY CONSTELLATIONS

This chapter presents five constellations: Auriga, Ursa Major, Cygnus, Cepheus, and Cassiopeia. In the
Northern Hemisphere, Auriga is a winter constellation, Cygnus is a summer constellation, and the rest are
circumpolar. Students will investigate the stars and other celestial objects these constellations contain, and
they will learn about some of the mythology associated with these constellations.
Investigation 5.1: TheMagnitudeof Starsin a Condellation
Poger Page How Do You Keep Track of the Stars? (Star Catalogues)
Investigation 5.2: A Study of the Congellation Auriga, the Charioteer
Investigation 5.3: A Study of the Congellation Ursa Mgjor, the Big Bear
Investigation 5.4: A Study of the Congellation Cygnus the Swan
Investigation 5.5: A Study of the Congdellation Cepheus, the King of Ethiopia
Investigation 5.6: A Study of the Congellation Cassiopéa, the Queen of Ethiopia
Poger Page Astronony isfor Everybody
Space Talk on Variable Stars

CHAPTER 6: MEASURING VARIABLE STARS VISUALLY

This chapter is an introduction to identifying and making magnitude estimates of variable stars, using the
dlide and print sets accompanying the HOA curriculum. The classroom activities prepare students to
successfully observe variable starsin the real sky, and to perform an accurate analysis of their data.

Investigation 6.1: Interpdation

Core Activity 6.2: Estimating Magnitudes Using Interpolation

Core Activity 6.3: How Accurate Are Y our Results?

Poger Page TheDange's of Radiation

Core Activity 6.4: More MagnitudeEstimations

Core Activity 6.5: Collecting Y our Own Data

A AV SO Variable Star Astronomy



CHAPTER 6: MEASURING VARIABLE STARS VISUALLY (continued)
Poger Page Who Arethe Amateur Astrononmers?
Core Activity 6.6: MagnitudeEstimation and Graphing with Slides (and/or prints)
Space Talk onVisud vs. Photodectric Observationd Data

CHAPTER 7: OBSERVING VARIABLE STARS IN THE REAL Sky

This chapter is the core of the Hands-On Astrophysics curriculum, introducing students to the process of
variable star research. Students will be able to systematically observe bright variable stars such as delta
Cephei and W Cygni.

Poder Page Starlight In Y our Eyes

Poger Page Occupdiond Hazardsof Variable Star Observing

Core Activity 7.1: Observing Your First Variable StarN Delta Cephé

Pogder Page She Discovered How to Calculate the Distances to Galaxies

Activity 7.2: Observing theVariable Stars W Cygni and Chi Cygni

Space Talk on Cephads

UNIT 4: THE MESSAGE OF LIGHT

CHAPTER 8: THE NATURE OF LIGHT

An introduction to the basic physics of light and the rest of the electromagnetic spectrum, and how
spectroscopic analysis of the colors within visible light gives information about chemical composition.

Investigation 8.1: The GFlavorsOof Light

Core Activity 8.2: Spectra of the Elements
Core Activity 8.3: Thelnverse Squae Law
Poder Page Inverse Squae Relationships

Activity 8.4: LightPollution
Space Talk on Rainbows

CHAPTER 9: THE LIFE OF A STAR

This chapter introduces the Hertzsprung-Russell (H-R) diagram, a graph depicting the stellar spectral
types that represent the evolutionary stages of stars.

Investigation 9.1: The ContinuousSpectrum

Poger Page OrheMog Origind Thinker of All...0 (AntoniaMaury)
Core Activity 9.2: Plotting an H-R Diagram

Core Activity 9.3 (a & b): Variable Stars and the H-R Diagram

Poder Page Plands or Stars?

Space Tak on Stellar-Like Objects Not onthe H-R Diagram

A AV SO Variable Star Astronomy



UNIT S: ANALYSIS OF VARIABLE STARS

CHAPTER 10: STATISTICAL CONCEPTS

This chapter introduces the statistical concepts necessary to analyze and interpret variable star data.
Histograms, relative frequency, variability (range, average deviation, variance, standard deviation, the
normal curve), and error bars are presented.

Investigation 10.1:Findingthe Average

Core Activity 10.2: Congdructing a Histogram

Core Activity 10.3: Finding the Average Deviation

Poger Page HandsOn Universe

Core Activity 104: Variance and the Standard Deviation

Core Activity 105: The Standard Error of the AverageN TheError Bar

Poder Page Variable Star Mythology

Activity 10.6: Statistical Andysis of Delta Cephe

Math Talk on Uses and Misuses of Statistics

CHAPTER 11:  VARIABLE STARS, LIGHT CURVES, AND PERIODICITY

This chapter discusses different types of variable stars and introduces light curves, the most important
graphs in variable star astronomy. It discusses the characteristics of variable star light curves and
demonstrates how to plot and interpret them.

Investigation 11.1: Recognizing Periodic Curves

Poger Page Mapping the Universe (HIPPARCOS)

Core Activity 11.2: AndyzingtheLight Curvefor Star X

Activity 11.3: AndyzingtheLight Curve for Delta Cephei

Core Activity 114: Pogon®Method of Bisected Chords

Core Activity 115: VSTAR

Poder Page Rada Gunsand Speeding Stars

Space Talk on DI HerPA Puzzling Binary System

CHAPTER 12: VARIABLE STARS AND PHASE DIAGRAMS

This chapter introduces phase diagrams, which show the average behavior of a star during its cycle and
determine the accuracy of the measured period. Mathematical and computer techniques for determining
periodicity arealso presented utilizing the VSTAR softwar e program.

Investigation 12.1: Periodic Cycles

Core Activity 12.2: Folded Light Curve of theVariable Star SV Vul

Core Activity 12.3: Another Folded Light Curve of SV Vul

Core Activity 124: Yet Anothe Folded Light Curve of SV Vul

Poger Page SS Cygni

Activity 12.5: Folded Light Curve of Star X and Delta Cep

Core Activity 126: VSTAR

Space Tak onMira Stars

Poger Talk: Orheoretical Glued

A AV SO Variable Star Astronomy



CHAPTER 13: VARIABLE STARS AND O-C Di1aGrAMS

This chapter introduces the concept that processes that are periodic are predictable. For periodic variable
stars, astronomers can use prediction to plan their observation of the stars, and also to look for deviations
from periodicity. This chapter introduces the O-C diagram, which can determine deviations from predicted
values.

Investigation 13.1: Congructingan O-C Diagram

Core Activity 13.2: Undestanding O-C with Miras

Core Activity 13.3: Prediction of SS Cyg

Activity 13.4: Prediction and Observation of Delta Cep

Poger Page Universal Modds

Core Activity 135: Prediction and Andysis of thePeriod of R Cyg

Activity 13.6: O-C for Eclipsng Binay Stars
Space Tak on TheEclipsng Binary
Pogder Page TheBirch Street Irregulars

A AV SO Variable Star Astronomy



CAUTIONARY SAFETY NOTE

1. Students should NEVER look directly at the Sun, especially when using binoculars or
telescopes. The ultraviolet radiation from the Sun will damage the delicate cones and
rods of the eye and can cause blindness. If students do not have specialized filters for
solar observations provided or approved by their instructors, they should project the
image of the Sun on the ground or a piece of paper.

2. Special precautions need to be taken for nighttime observations, whether at home or
at school. Students should NEVER travel to or work alone in isolated areas. Make
sure that the observational sites selected are safe, and always work with others.
Inspect the chosen sites carefully, making note of any potential sources of danger
such as construction areas, broken glass, etc. If working with power-driven telescopes
outdoors, make sure that extension cords are properly grounded. If a site is located on
private property, be sure to obtain permission (preferably written) from the owner
ahead of time.

3. Parents or guardians of students should be informed of any assignments that students
are required to do involving the observation of the sky, especially late at night. The
proper school authorities should be notified, and permission slips signed by parents of
younger students. Depending upon the age level of the students, one or more adults
should accompany the group, such as parents, local astronomy groups, or amateur
astronomers.
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